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BACKGROUND OF TH ON 1. Field of the Invention Bmmmﬂlmmm“ nvent| on
relates to a transmtler for multi-carrier transm ssio carrier
transmtting 15 nmethod. 2. Description of the Related Art towopecent years,
radi o transm ssion systens using nmulti-carrier transm ssion have been

i ntensively studied. 20 For exanple, "IEEEB02.11a") which is a standard of
wirel ess LARANSMITRER EOR LY L(ARRHERS TRANSYESEION AND MPEFT oF ARRIER | ng

OFDM (Ot hogonal Frequency D| Vi which is a sinple type of
mul ti-carrier transm ssion. %%‘gs‘%@%m such as MJ/ DS- CDVA
(Multi-carrier / Direct sequence CDVA) and MC-CDMA (Multi-carrier-CDVA) are
proposed as radi o transm ssion systens conbining the nulti-carrier

transm ssi on w th CDMRGSS GEFERENCECTOVRELAPER ABBEBGATION 2 As shown in

FIG 1, spreading code multiplying units 131 to 13n spread data synbols
usi ng spreadl ng &BdexAppkiqatdapsiehased ypansany cladmgqgthre) beredaditnel t he

5. CDVA o1 GHPE I8 Yo sePRo LS P} P, Fpandie den  Aprideitrbfebun “as
shown in FIP%OO% 1%@1@@9“ E@l&&dSn”MA_w} Pé)"ﬂﬂ)ij;nitth% Ja%:l:ire contents of
which are incorporated herein by reference.
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BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to a transmitter for

multi-carrier transmission and a multi-carrier transmitting

15 method.

2. Description of the Related Art
In recent years, radio transmission systems using
multi-carrier transmission have been intensively studied.

20 For example, "IEEE802.11la", which is a standard of
wireless LAN, defines a radio transmission system to be
performed using OFDM (Orthogonal Frequency Division
Multiplexing) which is a simple type of multi-carrier
transmission.

25 Radio access systems such as MC/DS-CDMA (Multi-carrier
/ Direct sequence-CDMA) and MC-CDMA (Multi-carrier-CDMA) are
proposed as radio transmission systems combining the
multi-carrier transmission with CDMA (Code Division Multiple

Access).



to 13n spread data synbol s using spreadi ng codes, arranging (mapping) the
spread data synbols (chips) in a plurality of sub-carriers, and transmt
the arranged data synbols (MC-CDVA 10 signals) over the sub-carriers in
parallel, in the MC-CDVA. In this way, the reason why radi o transm ssion
systens using nulti-carrier transm ssion have been intensively studied is
that the multi-carrier transnission has®a tolerance to nulti-path
propagation which is caused by signals transmtting 15 froma transmtter
to a receiver via a plurality of propagation paths. Wen nulti-path

propagation occuhg, sAORK & $18 pf,oeggrg%bﬂnw&aémq%k%gﬁé whalesr egchi ng

the receiver can interfere wth an ler recelve 20 However, in

the multi-cay 13€spreaBsid t3Ss Aibo Bs G MRGIsplreading koaest cri«ngays-coMmh a del ay
between the early signal ( for exanple , a synbol over the path #1 ) and

t he del ayedsigingdasl by dmrangiagp(reppingnbbe spread fetpaymbely (chipwl | er
than the synbol length as showmmn FIG 3. Therefore the influence of

i nterferenc® 38echiffRiPase « REAEFERSPht (f PLEPaALALY A PS-FRUBCRENH S he
mul ti-carr |O§%%;S%[%s_@a§%kgg. lnfﬁgﬁ@ﬂ&n . Re myﬁga%ﬁg is overlaid on

the anmplitu he p aS6 o "t he srgnal s transm romthe transmtter.

Therefore the reggi ¥9swi@@dPIED I CEPYRadNNg GHHMAUL L Bpl PiRgRinittedeszand/ or
phase which occurred in the propagation paths, and reconstitute the

i nf or mat i ortonii3gh sipgeededhbadspnbohe waiplg tspaeadingheofbas eartdragimat hod f or

transmtting synbol patterns (pilot synbol 5 patterns), in which the
anpl i tude dMEPPHRSE 4P& RRBGAC; A2t deSTIRA Sy (hdPsdndnt ReP+eER Vit Ofhet ween

the transmfter. a0d the Leeql Ui anth eShMRELAdI AL SARAES | ATl t ude
; 4 R AL

and/ or phase w_ﬁlla%%q'o carred in't propagation pa , Jare Therefore
the conbi gWignladl obveketnt! 8tbchbarmed raiint hak@1meht | Phekes MdrecoMa .ot

synbol patterns is very inportant in the

In this way, the reason why radio transmission systems
using multi-carrier transmission have been intensively studied
is that the multi-carrier transmission has a tolerance to
multi-path propagation which is caused by signals transmitting

15 from a transmitter to a receiver via a plurality of propagation
paths.

When multi-path propagation occurs, there is a problem
in that a delayed signal reaching the receiver can interfere
with an earlier received signal.

20 However, in the multi-carrier transmission, a symbol
length becomes longer, and a delay between the early signal (for
example, a symbol over the path #1) and the delayed signal (for
example, a symbol over the path #L) is smaller than the symbol
length as shown FIG. 3. Therefore the influence of interference

25 caused by the multi-path propagation is reduced in the
multi-carrier transmission.

Information to be transmitted is overlaid on the
amplitude or the phase of the signals transmitted from the

transmitter. Therefore the receiver needs to remove any change



multi-carrier transm ssion. Regarding the configuration of the pil ot

channel in the nulti-carrier transm ssion, the configuration of the pil ot
channel in the OFDMis discl osed in JP2001-203665) the 15 configuration of
the pilot channel in the MJDS-CDVA is disclosed in JP2001-244913, and the
configuration of the pilot channel in the MCJ CDVA is disclosed in

JP2001- 197037. The above docunents di sd ose the configuration for

mul ti pl exing pilot synbol patterns in at |east one direction 20 of the tine
base, the frequencies (sub-carriers) or codes. The nethod for spreading

data symbolis laphifuder 86h) 8D BladdiSlide diane, 800k hen S W GAITd An | 1

two-di nensions , that is to s r spreadin synbol s over

a pluralitypathssyahal résémét Ofnstd Rhad PhEsAha £ Vordiwhiwh §8r6v&fBaid ol scl osed
25 in "O-DM CDVA using a nethod for spreading in the tinme and frequency

domai n si mihearepddtydét he teehphasd. report RCS-200-3 published by the
Institute of Electronics, Information and Communi cati on Er]ai neers)".
However, the conVBRMEFHAd EInErgnsattoinbeyrhel prtserns 4 rdfghrambeds a

probl emyi n A0S 1AL yenss ol Lig LIS S hetusen,the A1\l

channel s on e’'ra MES s not" consi dére

conventi onglraManiedek0ing RHRALLBE1 VL, RAltHBNTERS SranshidtekCasd 1oRE
direction of the tine base or the sub-carriers has a problemin that the

merit of thecsigeal, édmdrsatissitdngctise atiadkiesn cang Il tedehan@f doghgrseat | y
depends on the condition of the propagation paths. 10 BRI EF SUMWWARY OF THE
| NVENTI ON MRifPe®RFRYTEedt b e Rfnnagation pathsebpeRtkRI¥Rhe present

e ot S, P K Ptk VAT P LU A sl SPATIER NS 2,
frames, ol NmuaRsbdekati @ik @filot symbol patterns is very important in the
multi-carrier transmission.

Regarding the configuration of the pilot channel in the
multi-carrier transmission, the configuration of the pilot
channel in the OFDM is disclosed in JP2001-203665, the

15 configuration of the pilot channel in the MC/DS-CDMA is
disclosed in JP2001-244913, and the configuration of the pilot
channel in the MC/CDMA is disclosed in JP2001-197037.

The above documents disclose the configuration for
multiplexing pilot symbol patterns in at least one direction

20 of the time base, the frequencies (sub-carriers) or codes.

The method for spreading data symbols in the direction
of the time base and the sub-carriers in two-dimensions, that
is to say, the method for spreading data symbols over a plurality
of symbol durations in a plurality of sub-carriers is disclosed

25 in "OFDM-CDMA using a method for spreading in the time and
frequency domain simultaneously (the technical report
RCS-200-3 published by the Institute of Electronics,

Information and Communication Engineers)".

However, the conventional configuration of the pilot



interference with other pilot channels. It is another object of the present
invention to provide a transmitter for multi-carrier transm ssion and a
multi-carrier transmtting nethod for controlling the 20 spreadi ng net hod,
in consideration of the condition of the propagati on paths between the
transmtter and a receiver, for nulti-carrier transm ssion. A first aspect
of the present invention is summarized 4s a transmitter for nulti-carrier
transm ssion configured to 25 transmt a plurality of sub-carriers having
at | east one pilot synbol duration conprising a pilot synbol allocater
configured t.0 | .0 e I t il et I e

or t hogonal rftI%)anZ}Jlaec ﬁ%%h%??%'g&?ﬁél glflg{ é:glsetf%fn%y%g)%oto Eg/ﬁr?b(%ma#%%?%% in at
| east two Spdrwedd itBleSpilo® dHANNRE st haEpid:eda fodr tAYlfdaiAkrhfbs 1is
transm ssion, the pilot synbol allocates preferably changes the length of a
pi | ot synbalotpatdreridexasied on the nunber of the pilot synbol patterns which
are allocated. 5 1n the transmtter for nmulti-carrier transm ssion) the

pi | ot synbol pat (I&encpavpRrbierab|nethed £g4r s oRdr arthsr ARE§0REIPRAE i abl e

S di Fact OVSF de. th it f | ti=x i
o 38, oA by P dEs et Lot i, EhE RS bRke OF 4RE BipEERFELEs |
symbol 10 pafd &f Brdtl edN A ndk 80 PRE AR § b NeAlsilghasdt +eARsRL 9105y DO

durations in at l'east two sub-carriers. The pilot synbol patterns which are
al | ocat ed t¢hdrsstsams tielst i Baah enedhivldogosai 1t depandis ohhere cbndi hibon
transmtter for multi-carrier transm ssion) the 15 pilot synbol allocates
pref erabl y &ff |SeatkzepagatirropPashsbhol patterns to the at | east one pil ot
synbol durations in predeterm ned nunbers of consecutive sub-carriers. A
second aspect of the present invention is summarized as a transmtter for
mul ti-cgrrier transmssion configured to 20 transmt a plurality of
sub-carriers having a plurality of synbol durations conprising spreaders
and a controller. The spresIksr SUMMARYOOF| QHEcINVENBpORad and transmt
synbol s over the synbol durations in a plurality of sub-carriers, using

sub-carrier spred® Weving of thesfopraring bk igidreebient 6f threpogsent

sub-carriers and .tine-base spr.eadi ng f,actaor . L.gn in . dj Lon of
the time base.c ieonconttorolqreosllrage cSnf itd:l?rn Hll?%%gha(r%lg]ec t éggﬁbgégﬁ%gr

spreadi ng faedi¥midsildne dddreabaff t3Pcaeiee fadMdmLthased ritHd®e £€ondition
of a propagation path between the transmtter and a receiver for
mul ti - cldérriatlocating pilot channels to radio frames, in consideration of
interference with other pilot channels.
It is another object of the present invention to provide
a transmitter for multi-carrier transmission and a
multi-carrier transmitting method for controlling the
20 spreading method, in consideration of the condition of the
propagation paths between the transmitter and a receiver, for
multi-carrier transmission.
A first aspect of the present invention is summarized as
a transmitter for multi-carrier transmission configured to
25 transmit a plurality of sub-carriers having at least one pilot
symbol duration comprising a pilot symbol allocater configured
to allocate a plurality of pilot symbol patterns which are

orthogonal to each other, to the at least one pilot symbol

durations in at least two sub-carriers.



6 transmission. In the transmtter for nufti-carrier transm ssion, the
controller preferably changes the sub-carrier spreading factor or the
tinme-base spreading factor when a radio channel is set 5 up between the
transmtter and the receiver. In the transmtter for nufti-carrier

transm ssion, the controller preferably changes the sub-carrier spreading
factor or the tine-base spreading factd@ follow ng a change in the
condition of the propagation path. 10 A third aspect of the present
invention is summarized as a nufti-carrier transmtting nmethod for
nufti-carrier traRsSpheStQdhdmit ter@ReP hibii A0 S iWrakirby s s8ubn Cagrd ers
havi ng at | east one pilot synbol duration conprising: aIIocatlng a
plurality qfilpitl s;Ymthhdllopatéemﬂdmaxbhyadlﬁarﬂiemth@a@m@ah oD acgClvtot her,
to the pilot synbol durations in at |east two sub-carriers. In the

muf ti - car r isgMbedapaki ¥R Bgsadidfoihetmuniashgf hef PALYE Isombodnpatteit ern i s

preferably ged ba 0 he nunber of the pilot synbol patterns which
are aIIocat@H %28 Fnaﬁﬁ ﬁg?%I-carrier transnitting method, the pilot

symbol pattern ig %F) co ﬁ%fr'ﬁ ﬁ‘ﬂ?m{ N Q0 QQQBQE\EsX%hab{

Spr eadi ng Fact or ti-carrier transmtting method, the
pi l ot synmb@lilpat t eymsoar epailtt’tﬁaf:c&i’ ahly répenilelly t CoEd gitiredn POERI Gth 25 in
the pilot synbol durations in at |least two sub-carriers . The pilot synbol
patt erns weirdhogoaadl Vetdakle t IprerdigumF aediori dAVEFe epd@ogonal to each

th In th ti- t tei t hod i Lot symbol patt
ar o pref orabl y aFPobS P FEESH: FOF BOHG0I oot “Agr SFRDABLPAL 5?8&*?% i ned

nunbers of HGRIEEYRbYE SHHLEA A ?ﬁfeéa%@&‘rgfl@% e bb&oer

invention i's summarized as a nulti-carrier transmtting rnethod Tor

transmiot i mataerngl tio anyt yioén ppdtoirm tar shdati Dgast Py pilby €fmisaabol
durations conprising: spreading and transmtting synbols over the synbo
durations idwratgpasaliin yatofleass cre i evl; cami vy ssub-Beer rpkots prgekitng
factor assi d in the direction t he sub-carrie and ti base
Spreadi ng FAEGFRASI HLAEF A LRE AT SHR TATLPOFFof (it BECROSSHAL
changi ng the sWBnCALLLEr spreading factor or the tine-base spreading
factor, based on the condition of a propagation path between the

transmtter and anrtleeitwensiit tewl €or qanltercdmaranmtsanemissnon hethe
multi-carrier transmtting nethod, the 15 sub-carrier spreading factor or

the tife- b&d&odpPFEabrhgriErqader §r6ﬁ8FéP&bl?1¥9ﬁﬂﬁﬁﬁjUﬂﬁeﬁi&OFaﬂW8“6hannel
|5 et uP, RELBERSL NG | ARSI | PLa8Pd ohia® SRR VEmnbT 'dl%aTbhis A T e
predetermined numbers of consecutive sub-carriers.
A second aspect of the present invention is summarized
as a transmitter for multi-carrier transmission configured to
20 transmit a plurality of sub-carriers having a plurality of
symbol durations comprising spreaders and a controller. The
spreaders are configured to spread and transmit symbols over
the symbol durations in a plurality of sub-carriers, using
sub-carrier spreading factor assigned in the direction of the
25 sub-carriers and time-base spreading factor assigned in the
direction of the time base. The controller is configured to
change the sub-carrier spreading factor or the time-base

spreading factor, based on the condition of a propagation path

between the transmitter and a receilver for multi-carrier



sub-carrier spreading factor or the tinme-base spreading factor 20 is
preferably changed, following a change in the condition of the propagation
Jpath. BRI EF DESCRI PTI ON OF THE SEVERAL VIEW5 OF THE DRAWNGS 25 FIG 1 is a
di agram of the schematic configuration of a transmtter for MJ DS- CDVA
transm ssion according to the prior art. FIG 2 is a diagramof the
schematic configuration of a transnitté for MC-CDMA transnission according
to the prior 8 art. FIG 3 is a diagram explaining the reason why the

i nfluence of interference caused by the nulti-path path propagation is
reduced in e smlskiipgarrier transmssion according to the 5 prior art.

FIG 4 is a diagram exenplifying a nmethod wherein the pilot synbol

allocating unit oh the traimiititeer £6Ormil 1caidlileire trhh ansss 61 Ortnccor di ng
to the first enbodi ment of the present invention allocates the orthogonal

pi | ot chanm@ingrolldef|m@eferadly changeates supl-chyrhegr tsipereadtingd@mvdiorpi | ot
channel s allocated by the pilot synbol allocating unit of the transmtter

P
for multi- thertinerRans SPER24LR8 R PR HheRea fhakic ehaBaRrhek SOt t he

present .i nyenti Fl 6, ] di.agram | LTyl pg..the orthogonal pilot 15
channelg a|"|%of;b§&87838y§{‘ﬁetﬁ$?% ltsy %ndgi%?‘gggfalc%vgﬂit of the transmtter

for nulti-carriernt fRdStPaSnAR t3ECLHHI Meh 10 de128C eRan 8HDOsH dentrref the
present invention. FIG 7 is a diagram exenplifying OVSF codes whi ch bel ong

to the ort hogdralllpilpte fievabigl chaldescthe duby chheier Ispiresytiogl faXor

allocating unit of the transmtter for nmulti-carrier transm ssion_ according
to the sec®FdteRbbiMeePRsRISARCRIINEsEAL PRy HRIIAYING & cBapge ainyith§r am

exenpl i fyi ng 31 ¥§bR0G s WEL Sh Lo tlidrPhatn.

10 A third aspect of the present invention is summarized as
a multi-carrier transmitting method for multi-carrier
transmission for transmitting a plurality of sub-carriers
having at least one pilot symbol duration comprising:
allocating a plurality of pilot symbol patterns which are

15 orthogonal to each other, to the pilot symbol durations in at
least two sub-carriers.

In the multi-carrier transmitting method, the length of
a pilot symbol pattern is preferably changed based on the number
of the pilot symbol patterns which are allocated.

20 In the multi-carrier transmitting method, the pilot
symbol pattern is preferably configured with an orthogonal
Variable Spreading Factor (OVSF) code.

In the multi-carrier tranamitting method, the pilot
symbol patterns are preferably allocated to any given portion

25 in the pilot symbol durations in at least two sub-carriers. The
pilot symbol patterns which are allocated to the same portion
are orthogonal to each other.

In the multi-carrier transmitting method, the pilot

symbol patterns are preferably allocated to the pilot symbol



synbol allocating unit of the transmtter for nmulti-carrier 25 transm ssion
according to the third enbodi nent of the present invention allocates the
ort hogonal pilot channels. FIG 9 is a diagram exenplifying a nmethod
wherein the pilot synbol allocating unit of the transmtter for

mul ti-carrier transm ssion according to the fourth enbodi nent of the

pr esent 9 invention allocates the orthogonal pilot channels. FIG 10 is a
di agram exenplifying the nethod for allocating the orthogonal pil ot
channel s to radio frames consisting of two slots according to the fourth

ebodi ment Qleatddis Prasent pkYePlhfihed! Cnuhbel3. @ dra0’ A Olcd{iGe

schematic configuration of ransmtter for nmu -carrier transm ssion
accordi ng teupglarfdifdry .enbodi nrent of the present invention. FIG 12 is a
di agram expl ai ning a nmet hod wherein the 10 transmtter for nulti-carrier
transm ssi on accédr dpngthoaspectf ioft khenbodsarntirofentiienpiesewimarizad i on
spreads data synbols. FIG 13 is a flowhart illustrating the operation of
the transni@te? PBHLAUPRTTESK r PN $M i dredihode di Hepr it ngi & h

enbodi mgnt ol LAG o eSENte Jiventlons 10 H.G L4 b8, achartodidustrati ng

t he operati‘on o ransmtter rransm ssi on accordi ng

to the fiftdu &HQs"BOhpLLsidie: BpRE8Aing MHNtERAsm 2P I AhkED1 PRt PTI ON
OF THE I NVENTI ON (The first enbodi mnent of the present invention) Referring

to FIGS. 4 the Synbed fdursit iensodnmantploafralhéyppesend- cavetdtron weidrdg be

descri bed. The configuration of the transmtter for nulti-carrier 25
transm ssi cPRaEESTdieRgSPEeaking ifestognddiigran insthedisentigs ehdhe

COn 9 ot SNt BRSTELAT 00 SMAdgiSR ik’ AABTLARACD, SR
pil ot symbeliRldtaeal id¥ e t tiMe ablaeeat @hddi diin AW Otndab S derrier
spreading factor or the time-base spreading factor, based on
the condition of a propagation path between the transmitter and
a receiver for multi-carrier transmission.
In the multi-carrier transmitting method, the
15 sub-carrier spreading factor or the time-base spreading factor
is preferably changed when a radio channel is set up between
the transmitter and the receiver.
In the multi-carrier transmitting method, the
sub-carrier spreading factor or the time-base spreading factor

20 1is preferably changed, following a change in the condition of

the propagation path.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
25 FIG. 1 is a diagram of the schematic configuration of a
transmitter for MC/DS-CDMA transmission according to the prior
art.
FIG. 2 is a diagram of the schematic configuration of a

transmitter for MC-CDMA transmission according to the prior



10 As shown in FIG 4, the transmtter for nmulti-carrier transm ssion
according to the first enbodinent transmts radio franes consisting of at

|l east one pilot synbol duration over a plurality of sub-carriers #1 to #8.
5 1n the description, a "pilot synmbol"” refers to one bit information taking
on values "+1" or "-1" , and a "pilot synbol pattern" refers to information
eonsisting of a plurality of the pilot8ynbols . As shown in FIG 5, for
exanple, the pilot synbol pattern includes a pilot synbol pattern #1 "+1,
+1, +1 ( +1, +1, 10 +1, +1, +1" and so on. The pilot synbol pattern can
have any | th of synbol durations. For exanple, the pilot synbol pattern
#1 has ei ght synmbol durations. In the description, the word "orthogonal "
nmeans that a val gegcal b atiadram ¢Rphklinkigtheltdorswipehs iWH1gBneer r espond
15 with each other between two pilot synbol patterns and sunm ng the

mul ti pli edofedokesfeseli®d causedFbe the fmorlteixpathepathepyppagatshombdbs pattern
#1 "+1 , +1 (. +1 ( +1, +1 , +1 , +1 , +1" is "orthogonal" to the pilot
synbol pat F&dHced inithe mulni-carrier trepsmissiqr aqepRdi@idecthstion, the
"ort hogpnal rgi Iro%lr ynmbol patterns” 20 refer to the pilot synbol patterns
whi ch are grtﬁogon I to each other In FIG 4) pilot synbol durations in
which the pilot sygbalss &%&a@%aﬂ‘é'xrehﬂh%?fﬂng% nddd wsstd ANt RE plihett i ne
base have a |l ength of 4 synbol durations. 25 In FIG 4, a pil otp synbol

al | ocati ngsynbbll@ltacatirgaoatit pifl ahesyrankmit et Eopinuditisyeralier
durations, and allocate data synbols to data synbol durations. There are

pi | ot synbdFagsmacpEdas anaAnsdre terdieh férssrenpedimantoPrt dthatirteseNtn each

radio fra hat e pilot .synh 11.allocat] unit 17 according to
the orior 3rveRshOR et iSrated i Fitbooshhaor BEF s g 2 Fength of 4

symbol jglur ationsreyers tie J adiagrhmd@Rempl PEFIYNNR Rithlgonuabghipat t erns,
and can not allocate nore than 4 types of pilot synbol patterns. 5 On the
ot her handchiheeps| alloyated byl tloe gtiillog spmboll Aldecartdnggub bt tdfe ther st

enbodi ment can allocate a plurality of orthogonal pilot synbol patterns to
the pilot $¥APSMiftERt FORMYH i qarFigri tyapsmisplenasearding &0 &R&mple, 2

T o ek sBa Nt e AR BNERE 4BLRBERATS, Tt Ly "
FIG. 6 is a diagram exemplifying the orthogonal pilot
15 channels allocated by the pilot symbol allocating unit of the
transmitter for multi-carrier transmission according to the
second embodiment of the present invention.
FIG. 7 is a diagram exemplifying OVSF codes which belong
to the orthogonal pilot channels allocated by the pilot symbol
20 allocating unit of the transmitter for multi-carrier
transmission according to the second embodiment of the present
invention,
FIG. 8 isadiagram exemplifying a method wherein the pilot
symbol allocating unit of the transmitter for multi-carrier
25 transmission according to the third embodiment of the present
invention allocates the orthogonal pilot channels.
FIG. 9 is adiagram exemplifying amethod wherein the pilot

symbol allocating unit of the transmitter for multi-carrier

transmission according to the fourth embodiment of the present



patterns having a |length of 8 synbol durations when there are pilot synbol
durations having a length of 4 synbol durations) and can allocate 8 types
of orthogonal pilot synbol patterns at the nmaxi num 15 Especially, in a
case where base stations apply a directional beamtransm ssion using a
plurality of antennas to each nobile station in cellular systens, dedicated
pil ot channels ( pilot synbol patterns ?Iare required for every nobile
station. Therefore, according to the first enbodinment, there 20 is an
advantage in that the nunmber of nultiplexed orthogonal pilot synbol
patterns cathti @aiedadBd the Spsiordfl ado? ehannels, between the base
stations and the nobile stations can be increased. FIG 4 illustrates an
exanpl e of the ofFtIldogdnals pal @tad@bans ereniplidytiegnshéave tigod Sbol
durations allocated to the gilot srnbol durations in two sub-carriers
hegeng

r epeat edl y.2@Qcstdingg the eR bt hannedfeter FASHDNEFa®RS ot synbol
patterns are allqQcated_to pil.ot synmbol . durations in | uralit f
Sub- car i er ST RO P (S TFeRST RIS fhe LR8BI HbSIRAR IR Eo% y ol

patterng b dsengehnveAtasnto allow an increase in the nunber of

ort hogonal pil ot synbol patterns which can be multiplexed. In a case where
t he orthogonal piFlIGt $ynbola pHidgeams ofir Ehéd sdHencriied coneigarptivmldf y of
sub-carriers #1 to #8, a correl ation between changes in the condition of

t he propagat itgangaihter farhmudib-earrier Sransmisggonagpendingetpdihge, so as

to reduce the collapse of . th rt hogonal ity between the pilot channels
recei ved ajttf}'[fl”Fg’ F@%ﬁgfnfo?gn&?ﬂ %ﬁer'}ter%fﬁn&flgﬁsm ssion. In

mul ti-carrier traRgm $8i PO SYSL LBV} adnRhY" 8! hE¥nOh LA el S, @
correlation between changes of the condition 0f the propagation paths in

t he adjlaceniraismiczeri €08 melthrgerrisr ayansmicdioa dbeordftgienceaehaf t he
col l apse of the orthogonality between the pilot channels. 15 Therefore,

accordi ng tfdfitheembodimaninafithenpyesent inpention erreafa|dats SRS -

ort hogonal pil ot atterns.to.radjo franes so_as_ tf.q reduyce the

i nfluence of theFliét’er éL_ge cfgloé”é:tﬁ?g&_ %fyii‘b?‘iroat%_s?ﬁw%ﬁ oppa‘f:[aé:_rlﬁg ?% ﬁ%ee radi o
frames. MorgQ¥emi tdecOrdknguifilberfid:SitARadisERBh, aE:Blércﬁ’iﬁgfttcﬁoc@ mbol

allocating unit 17 allocates a plurality of pilot synbol patierns to the

pi | ot synbdifdir ambodimentaopl thial presenft dmbrenanbners, so as to neke the
| ength of the pilot synbol patterns which can be nultipl exed | onger,

incread@ the nunbéf-of4 thRed Floychafithbl Lpttaiing hhpIPT@TI9R Afilthel exed,
and 25 | ncr%%%%mgtage?ugggrmgit{9951\?#4@1{1}%%,“\#%'53%0g{;ﬁggdf,?e%tw & ween
synool

t he transm’ttter an he recel ver, en the nunber of e pi

durations igireaCRmbubimanti 6f t5e|prddeaatt inkentdohl ! ustrates an exanpl e of
the orthogonal pilot synbol patterns having a Il ength of 8 synbol durations

( 4 synbol 1s durations x 2 sub-carriers) allocated by the pilot synbol

20 DETAILED DESCRIPTION OF THE INVENTION
(The first embodiment of the present invention)
Referring to FIGS. 4 to 5, the first embodiment of the
present invention will be described.
The configuration of the transmitter for multi-carrier
25 transmission according to the first embodiment is the same as
the configuration of the transmitter for multi-carrier
transmission according to the prior art shown in FIG 1 to 2,
except for the method wherein the pilot symbol allocating unit

17 allocates pilot symbol patterns.



allocating unit 17 according to the first enbodinent. FIG 5 illustrates 8
types of orthogonal pilot synbol patterns #1 to #8. The pil ot synbol
allocating unit 17 5 according to the first enbodi mnent can nmultiplex 8
types of orthogonal pilot synbol patterns #1 to #8 over 8 pilot synbol
durations in the sub-carriers #i to #Eg&. (The second enbodi nent of the
present invention) 10 Referring to FIGS” 6 and 7, the second enbodi nent of
the present invention will be described. The configuration of the
transmitter for multi-carrier transm ssion according to the second

enbodi ment is thassghewasihheICcON | MHAliraRsAfittBe toanmdltd-JarAler
multi-carrier transm ssion according to the 15 first enbodinent. In the

second enbddiansmisstioeracermligid b0 thenbotstembbdomenhdviangmd tberagiio of 4
synbol durations in each sub-carrier #1 to #8, the orthogonal pilot synbol

patterns tdues CORSLEAIRG T IRE doMS tagne RIINY HoFheal dBFRbIOR\AMEH 20
patterns i n %Ifailri%% g@bgﬁhg@g{_r.gpg #J_I! It%t %ynbol allocating unit 17
nd~eimo

according to~“the séec dient can ‘chande ‘the length of a pilot synbol

patternsbased onrhhenauabssr gitidie R FEL18Y dEhbPRt ryrassWRb Cohéllit
all ocated. 25 To be concrete, the pilot synbol allocating unit 17 can

al | ocat e t haformaddonatakinhotonsyabeés fatit'eons’ 41" .t enéd& Hailny syntexigt h of 4
or 8 synbol durations to 1 or 2 sub-carriers) #i to #i+1 in the

predet er m REF terderrefar s govi farmatgongconsl stigighof o Flr‘éfala%tit RE tﬂlel ot
symbol all tin nit 17 4 can hQgonal Lze the pilot, .S atterns
1 oot s rtibts, ) pe s RN bR T, Bh St e

in 4 synbol ns over -carrrer or synbol

patterns #bdtdeth iNbBRadda pidesyRbolddd tiaxad il ok 1channehs (pil ot
synbol patterns) is the sanme as or less than 4. 5 On the other hand, the
pil ot d9nbeil.akllocatl! mpdisid oh? CHie grifllodgepmbokepdtiregn can sywdanyatt er ns
in 8 synbol_ durations over 2 sub-carriers # and #i +1 by adding_ the pil ot
synbol ~pat teMgEhy et gymBol odpratienst EPRbekapRie er He LY #¥MPRAen t he

nurber o s gl bR, QAR 10,00 L1101 e e
Factor ( OVSF ) tAdeSe afescFNAH, eXaMpbed OfortthbdinaNedmBahs PRt a
value calculated by multiplying pilot symbols which correspond

15 with each other between two pilot symbol patterns and summing
the multiplied results is "0". InFIG. 5, for example, the pilot
symbol pattern #1 "+1, +1, +1, +1, +1, +1, +1, +1" is "orthogonal"
to the pilot symbol pattern #2 "+1, -1, +1, -1, +1, -1, +1, -1".
In the description, the "orthogonal pilot symbol patterns"”

20 refer to the pilot symbol patterns which are orthogonal to each
other

In FIG. 4, pilot symbol durations in which the pilot
symbols can be multiplexed in the direction of the time base
have a length of 4 symbol durations.

25 In FIG. 4, a pilot symbol allocating unit 17 can allocate
pilot symbols to the pilot symbol durations, and allocate data
symbols to data symbol durations.

There are pilot symbol durations having a length of only

4 symbol durations in each radio frame, so that the pilot symbol



synbol patterns . The OVSF codes axe described in "Koichi Ckawa and

Fum yuki Adachi, Othogonal forward |ink using orthogonal 15

mul ti-spreading factor codes for coherent DS-CDVA nobile ratio, |ElICE
Transactions on Communi cations, vol. E81-B, no. 4, pp. 777-784, April
1998". The pil ot synbol allocating uni%l 17 according to the second

enbodi nent can orthogonalize a few mul }pl exed pilot 20 channels to each

ot her using a few sub-carriers, by selecting the orthogonal pilot symnbol
patterns to be allocated, based on the hierarchy of the OVSF codes as shown

in FIG 7) anddased @it he duehaingftd bRe PHibirdexedn Rivl@tipeBamials . As
the nunber of nultiplexed pilot channels is |arger, the pilot synbol 25

al | ocat i ng pirliat dymbah patthogshalviing & hengtih toifpd eymbopiduaiatdhanmelex t 0 each
other using nore sub-carriers. The pilot synbol allocating unit_ 17 can

i ncrease tH&engd@dde §Famp| s RrbbegopaloPithbnfisItel PaksPEREhatP® Cahased on

R e

i nventi on) present

inventign will bgydegersbed. nHia COREI GYidt | A1 Bh&oeatisgsmid ar7 for
mul ti-carrier transm ssion according to the third enbodiment is the sane as

t he confi guwciordinaf tohehd Farst éhesdinenthidahi aThodates at paosal ssy @f
according to the first enbodinment. As shown in FIG 8, the pilot synbol
al | ocat i ng axthogppalpblot sgmbpdrpatiteras tortheuprilotsymbed duraisianssi on

according too the thi enhodi jrent _al | ocates the pilot synbol patterns #1 to
56 shown'i ircpeoLera{£re R EHEERnRert TER gt oo SHREER=RE D ons i n
at |east twQ WRTCRAL SfFoRMAhdiNG13HRaERRG | Gk #iY BecHPaids 4 tHeG 8, the
pil ot synbol allocating unit 17 is configured to allocate the pilot synbol
patterns #¥irst#embbddmenn €&k ablodate hepiorahogynadl pillistatsymbol n
predeterm ned nunbers (for exanple, two) of consecutive sub-carriers. The

pi | ot synmbdatFernsr havangia leookhi eh Gsemiplodaratiar whephEher#e4Sorti ons

#A and #B 4118 ' L0800 Hurldd 23 n V088 ‘2 1ength of 4 symbol durations,

and can allocate 8 types of orthogonal pilot symbol patterns
at the maximum.

15 Especially, in a case where base stations apply a
directional beam transmission using a plurality of antennas to
each mobile station in cellular systems, dedicated pilot
channels (pilot symbol patterns) are required for every mobile
station. Therefore, according to the first embodiment, there

20 1s an advantage in that the number of multiplexed orthogonal
pilot symbol patterns can be increased and the number of radio
channels between the base stations and the mobile stations can
be increased.

FIG. 4 illustrates an example of the orthogonal pilot

25 symbol patterns having 8 symbol durations allocated to the pilot
symbol durations in two sub-carriers repeatedly.

According to the first embodiment, the orthogonal pilot
symbol patterns are allocated to pilot symbol durations in a

plurality of sub-carriers #1 to #8, and the length of the



The portion #A consists of the pilot synbol durations #1 to #4 in the
sub-carrier #1 and the pilot synmbol durations #1 to #4 in the sub-carrier
#2 which is consecutive to the sub-carrier #1. 25 The portion #B consists
of the pilot synbol durations #1 to #4 in the sub-carrier #2 and the pil ot
synbol durations #1 to #4 in the sub-carrier #3 which is consecutive to the
sub-carrier #2. That is to say, both pé?tions #A and #B consist of 4 synbol
16 durations in the direction of the tinme base and 2 synbol durations in
the direction of the sub-carriers. As shown in FIG 8, for exanple, the

pi | ot SyanthB%tgto?xraﬁ(ﬁtﬂ-lo"’g-syﬁﬂol B%tt*é}ns'ﬂeco#ﬂ?srﬂ%n o, BB LN b dldyocat ed

to the 5 portion #A (or #B) and the pilot synpo attern #2 "+1, -1( +1,

-1, +1, -1ahlinctéawbinb the AlmBEAtcTd okb@hb§onADHIIGR EfPmbo Drpdtkernar €
orthogonal to each other. According to the third enbodinent, it is possible
t o ort hogowdiiche cany bewsustibptereders, so as to allow an estimtion 10 of
t he changes of tged$ropagationﬁggths I n each sub-carrier. (The fourth

n

enbodi ment of th EESft VRSRR iep?ﬁtmqé}arli RyLPb symsel BabherAd 2 ehe
fourth gmbadiieaieRl oble B'SPGHL 1LY S 1sQR WAL bEs dppCd BAfL. oThe

configuration of the transmtter for multi-carrier transm ssion

accordi ng fcoriree atauhtde teideedtidided $nithe SoiE: tion §€ teedidiiition of the
transmitter for multi-carrier transm ssion according to the first

enbodi nent paabsshovkhe subl-Gargletrsdt pitbok 8 neddis tal bodarigey snids ¥ro 20 of
the transmtter for nufti-carrier transm ssion according to the fourth

enbodi nent TEANGEatEE FALLAPFHIOLHSoIOFRCOePALLIEY botweeHAVh Bidoti G 6, to
any given Rahh@fs(FokeS¥APLE flrdddilie BblOhup¥bol duations 10 at
east two sub-carriers anbng the sub-carriers # 0 : n FIG 9) the

pi l ot synbetradkheesbibAg WH muléil8arrier transmission systems using a
plurality of sub-carriers, a correlation between changes of the
condition of the propagation paths in the adjacent sub-carriers
is large, so as to reduce the influence of the collapse of the
orthogonality between the pilot channels.

15 Therefore, according to the first embodiment, it is
possible to multiplex the orthogonal pilot symbol patterns to
radio frames, so as to reduce the influence of the interference
caused by pilot symbol patterns in the radio frames.

Moreover, according to the first embodiment, the pilot

20 symbol allocating unit 17 allocates a plurality of pilot symbol
patterns to the pilot symbol durations in a plurality of
sub-carriers, so as to make the length of the pilot symbol
patterns which can be multiplexed longer, increase the number
of the pilot symbol patterns which can be multiplexed, and

256 increase the number of radio channels which can be set up between
the transmitter and the receiver, when the number of the pilot
symbol durations in each sub-carrier is limited.

FIG. 5 illustrates an example of the orthogonal pilot

symbol patterns having a length of 8 symbol durations (4 symbol



configured to allocate the pilot synbol patterns #1 to #4 to the portion #C
and #D in the pilot synbol durations. The pilot synbol patterns #1 to #4
which are allocated to the sanme portion #C and #D are orthogonal to each
ot her. 17 The portion #C consists of the pilot synbol durations #1 to #4
in the sub-carrier #1. That is to say, the portion #C consists of 4 synbol
durations in the direction of the tine fase and 1 synbol duration in the
direction of the sub-carriers. 5 The portion #D consists of the pil ot
synbol durations #1 to #2 in the sub-carrier #1 and the pilot synbol
durations #dutftfthhd % N@uBUBaCREELSY #21dMHEh by ¢RBSPEUbL VEyhtot he
sub-carrier #1. That is to say, the portion #D consists of 2 synbo
durations ialldeatdingeainian 10f atberéing testheamirdtsgnbolidéntiurati ons in
the direction of the sub-carriers. As shown in FIG 9 ( for exanple, the
pi |l ot synbol pattFditn #litlustrated 8 Hiypeshiath ordhabgbnaiteile symbadorti on

#C (or #D) and the @ | ot % nbol pattern #2 "+1, -1, +1, -1, +1, -1 +1, -1 "
which is alP¥HEEF t'd (%% éortTQézgﬁé%t(ﬁympﬁl)aéﬁgcﬁF%%%dﬂﬁﬂ1]fB to each
' [t d7 can

other. Isn té‘&é{&g{&&;y@gﬁtﬁ@ FepLe LRfodlhdlle VA Bha12y %chgg%g

al l ocate the pi patterns So as tO ort alize any two
pi | ot synmbodrifteddaridls pis b Js ko ¥ patteehsdfil aid #8Sover t@idbtesmsn of the
time base, and 20 orthogonalize any two pilot synbol patterns using the 2
synbol dur aduxatsidns tilme tdier subroarviexrsehi it #ade and using the 2 synbol
durations in the direction of the sub-carriers ( as shown in FIG 9.
According to the fourth enbodinment, it is possible to 25 orthogonalize any

two pilot s lSéEﬁE o% odshBH+t be gh%ygoné?gpggggggiohg the direction of

the time base inra ranes, and ort Ize any two pilot synbo
pattern® using tRefdrg¥Agoto FUGSL.i @nd N, fite Gelconll ambeiindit bEmndase and

in the 2 synbol durations in the direction of the sub-carriers , when 18
present invention will be described. The configuration of the
transmitter for multi-carrier transmission according to the
second embodiment 1s the same as the configuration of the
transmitter for multi-carrier transmission according to the

15 first embodiment.

In the second embodiment, there are pilot symbol
durations having a length of 4 symbol durations in each
sub-carrier #1 to #8, the orthogonal pilot symbol patterns to
be allocated are the same as the orthogonal pilot symbol

20 patterns in the first embodiment.

The pilot symbol allocating unit 17 according to the
second embodiment can change the length of a pilot symbol
pattern based on the number of the pilot symbol patterns which
are allocated.

25 To be concrete, the pilot symbol allocating unit 17 can
allocate the orthogonal pilot symbol patterns #1 to #8 having
a length of 4 or 8 symbol durations to 1 or 2 sub-carrier(s)
#i to #i+1 in the predetermined order, as shown in FIG. 6.

As shown in FIG. 6, the pilot symbol allocating unit 17



the radio frames include two slots and two pilot channels are nultipl exed
in each slot, as shown in FIG 10. Therefore, the orthogonal pilot synbol
patterns which are the sanme as or less than 4 can be used in the exanpl e of
FIG 10. 5 (The fifth enbodi ment of the present invention) Referring to
FIGS. 11 to 14, the fifth enbodi nent of the present invention wll be
described. FIG 11 illustrates the schéfatic configuration of a transmtter
for multi-carrier 10 transm ssion according to the fifth enbodi nent. The
transmtter for multi-carrier transmssion transmts the radi o franes
having a plgggl btthSforiiR! +fdr ?&uemyﬁ% pA RSBl Y gimByb-carriers.
As shown in FIG 11, the transmitter for nulti-carrier 15 transm ssion
conpri ses adued i Giydriotlerct eaib-r@griietr #I1 ora# sel iwingathe [pEllotosyebdl ng unit
12, spreadi ng code nultiglying units 131 to 13n, sub-carrier frequency

mul ti plyi ngpakkerns 41 to#44whea thamuamben ofrmul tiplexedypihtpuahasneds to

16n, a prop ion th condition nonjtoring unit 18 and controlling 20
unit 109. Ma{,iﬂﬁpt ﬁ?&“abcog]nfﬂagtdflﬁﬁf‘?&nlﬁf tl??\es?'g%r%'sm% 3.'95150|tgﬁﬂ| i-carrier
transm ssi on acc [ £t ' i ' it f ; omthe
transm t%t er acco?jl rtlzggt %Q?hg%?%ﬂ#&st %h%n?ggbgﬁggmnﬁg%iér}leinot%saddvﬁrﬁglehgydgcri bed.
25 The spr eggh ngraastorialliZepkyiengi st t sydisdl tpn thi¥rnspriaad symbols (data
synbols) to be transmtted over the synbol durations in a plurality of

sub- carri er@uragions owiercarsulercanmicadi Ay dnd tidrlabyi addingd thehpididtecti on
of the sub-carriers and time-base spreading factor_assigned jn.th
direction ofYThRt paf§eﬁ‘ﬁ£§§eii8§§ Eﬂ%m:&ﬂ: ﬁY'ei’%?,attt%é%p#ﬂé& ﬁ@ code
mul tiplyin it I i (o { er

pr cadi g Faees, S e 3 RLER LR SUBE Shdialdls, (BT SEREAEE -
) 5 Thelosprgsthexh<Lodes rahet isamei B8 i 16sd 3hd 8.3n can nultiplex a

plurality of channels using a plurality of spreadi ng codes each of which
has a different $ibol7 paklustratesn thiee Oridiogonadnvairdable Sprneadimagd by

di t - di i [ly. 10 T ti th, diti
moni Lo | bg ARTTOH BOHOR) COFE= H SRR Yo eE o TP hL Ehat | o
to say, thegHuh pbhoRelhist hen{gaéz& %Baagearéogra%fﬂ?w&nt TR L bRAWAOT
multi-carrier transm Ssi on an the recel ver or nmulti-carrier transm ssi on.

15 The contamd [Fumdyuktit Ad&chs, oaithbgohell fcarvdiangenkhes i oeghobgenal
spreadi ng factor SFFreq and/or the tine-base spreading factor SFtinme, based

on t he Mondi} ol sraaddngr faslipn code pion cahementPg £ obkke EahdPti on of
the radio l,.bet we the transmtter .and the.r jver. 20 ,The
controlIingﬂ%ﬂﬁfo?nfgﬁ%gﬁgﬁggnt A At ens, ¥B%e:§€%ﬂ§Téﬁ?o#'3?&feq

and/ or the fjnerdpsapineadiogy factor SFtine. when the radio channel is set

up between the transmtter and the receiver. The controlling unit 19 can
change the sub-c&he @ilot symbol allocating unit 17 according to the

second embodiment can orthogonalize a few multiplexed pilot
20 channels to each other using a few sub-carriers, by selecting
the orthogonal pilot symbol patterns to be allocated, based on
the hierarchy of the OVSF codes as shown in FIG. 7, and based
on the number of the multiplexed pilot channels. As the number
of multiplexed pilot channels is larger, the pilot symbol
25 allocating unit 17 can orthogonalize the multiplexed pilot
channels to each other using more sub-carriers.
The pilot symbol allocating unit 17 can increase the
number of multiplexed pilot channels to more than 8, based on

the hierarchy of the OVSF codes.



25 spreading factor SFFreq and/or the tine-base spreading factor SFtine
followng a change in the condition of the propagation path. Wen the
synbol patterns of the spreadi ng codes which are used by the spreadi ng code
multiplying units 131 to 13n are 20 orthogonal to each other, the
orthogonality of the nmultiplexed radio ﬁhannels is kept inthe transmtter.
However, the spread synbols are i nf | ueriRed by the change in phases and/or
anplitudes in the propagation paths, so that the orthogonality of the 5

mul ti pl exed radi o channel s col |l apses) interference anong the radi o channel s
occurs and the receiving quality is degraded in the receiver. The phase
and/or the anplitude of the synbols in the direction of the tine base are
changed acc(fhdi nghitmd telmdorddme ntne 4 Ot e pptegyenftr dgwentyonh t he propagati on
path. The phase and/or the anplitude of the synbols in the direction of the
sub-carriers are R@ﬁ&ﬁﬁéﬂga‘tﬂ:g}i&i- gy ttde: Helekempodppens 9 theePFR $yat i on
path. Therefore, .t I fficient for.the,controlling unit 15 to set up

t he sub-caﬁﬂ%ﬁﬂ%%¥b§ %ﬁgg?ag?ﬁ?r%?$$éqﬁgﬁdf8?9%%%F%%ﬂ%3Bgégjgbreading
factor gFtiymaddntiddy £oirt RNt i DCaFAIKEe MSISHIIRSIBR hadbPathgnie! ghar e

ort hogonal to each other based on the maxi mum Doppl er frequency and/or the
del ay spredthisb exbodimeatuts the sarhd apsehef coh€igurhogonadf tyhe which is
caused 20 by the change in the condition of the propagation path, between

t he mul ti pl'&aadmigdies ERaAnMBLSE1- RFrisdmilaasmissioncprrerémafen thee
control l'ing..unit %% %% se% up the maxi num SFtinme which satisfies the
condition ' StmEmPP Meitso as to keep the orthogonality between the radio
25 channel's nul tixRl gX&¢h Wi 18t b Mrnd g Be! s%yhsoffa&%dt&n@haﬁft ang/ or
anplitude of synbols in the direction of the t1ine base according to the
maxi murmoDopyd eheftremiseityerpfolVnetyecartrier srahbmtsenbn faarcoridéngotd r ol | i ng
unit 19 to set up the maxi mum SFFreq which satisfies the condition "SFFreq

21 1/ t", ddexshipdiamhpdimend: ahioentas thenetintesYmRelrraktetfafihels
mul tipl exed M th SFEreg..against .the change in phase. .and/ | i.t ude of
synbol s i nq*t ée’th iwr§e% i%ﬁGb?ﬁt hnceo E0R- 8%?’?? %r%lc%o?i I ﬁglet ng‘ﬂgn}’)d%?gao;i spread
'C. 5 The Ydriad® onddiSRtadasitetweidutetazsibhs Ao diReSHhBadariid s
satisfying the above conditions. However, the SFtine and SFFreq are not
limted to#lhaosphéead rati o, and nay be set up by other nethods for
reducing the interference fromother cells in the cellular system 10

g

Accor dilAg to t helpi FLf-8nbble mhtot jsymbelyaddpppeing ¥arbhshi ti%iata synbol s
i th high |d,t i t i f i f db
the col | apestsn reld BEHELATo I bILOEEURAD pit¥elil §1' (SRS GANSCd BY

i nfl uenced iy rilte shamgethd piheo€osdhddOMuatiBasplappgatiéerpaidts i N the
15 synbols in the direction of the tinme base or the sub-carriers . FIG 13
and 14 ar e numpgzisar(forshsamnplet htwoharfatdapsecytivhesubananriexs. f or

multi-carrier trgpsm ssion according to t fifth di ment ., . FI 3 shows
the {1 owchart | niPRoPLLRE WHIA. (76 LebnBoRt it I1Ehg PRt =18 Bhimeeied he
sub-carpi et SRhBAGLAE HGEL MBnsoHN GRa2RE/ QFe ¥ HdJHRr12%8 SRERAGERKY fact or
SFtime. when the radio channels are set up between the transmtter and the

receiver. FIG 1#%hehmostiidre#hl cowdicgtts bfi tHe pdase symbel Boea2ionsnfX ol | i ng
unit 19 changes the sub-carrier spreading factor SFFreq and/or the
ti me- base &9 84diRgtRnEUE coFrigE, #} AN RPRgPEHE PHTeR&ORSMH ti on of

t he propagati th, First _referr,j t.0., Fl, .operati,on of the
tranom Lot an B BreckiBiept i dd Y Be us poRuelIELIRLES B0 A e homn
in FIG 13 gubncareRet0fi, data synbols to be

25 The portion #B consists of the pilot symbol durations #1
to #4 in the sub-carrier #2 and the pilot symbol durations #1
to #4 in the sub-carrier #3 which is consecutive to the
sub-carrier #2.

That is to say, both portions #A and #B consist of 4 symbol



transmtted to the receiver for nufti-carrier transm ssion are generat ed.
In step 1002, the controlling unit 19 determ nes the 5 tine-base spreading
factor SFtine and the sub-carrier spreading factor SFF=e9, based on the
condition of the propagation path between the transmtter and the receiver,
before transmtting the data synbols. In step 1003, the spreadi ng code
multiplying units 131 10 to 13n spreadlﬁhe data synbol s using the tine-base
spreadi ng factor SFtine and the sub-carrier spreading factor SFFre9, and
the sub-carrier frequency multiplying units 141 to 14n and the sunmation

unit 15 trasdtichie iaPtRadadad et BYAWE stHeO thibR BRS8!I ¥RH- 2| fymiep 1004, the
transm ssion of the data synbols 15 is conpleted. In an environnent where

t he condi t idaradgfionise ipr thagdireot bai hhbheatheesubt-karriansmi tter and t he
receiver is not changed frequently, the controlling unit 19 can follow the

change of the prdp=fEMAndaiG: By &t exagpLp. tihe pihet sagbod patihny 20
factor SFti and the sub-carrier sgpreadi ng factor, SFEze ach ti t he
dat a synbol#geaf*g’ti’ hshi t t e *Ilher"gf (ﬁe, +{‘]hew atsi Bﬂrlgﬂéﬁﬁgihoﬁ 13 is
suitable t b B QHE é¥¥g¥1 i t 9, FH 14, tihe

oper at i gn %férjt%%g%t?%ﬁg%p??ér for%?ru t _ngPgée;{Jrﬂg'r}%rrﬁ g%l ofli'vvi [ +ble'

descri bed. -25 As, sfiown,i Nl Fibichd)sidl 1sicapedlOd thdaparsYSHGHAS (b6 #BD)

transmitted to the receiver for nufti-carrier transm ssion are generat ed.
In step 11@xe erEheenapadl o ngaemiether det ermi nes the tine-base spreading

factor SFtinme ang the_ sub-carrier spreading. 23 factor SFFreq, hased on
the condition of ﬂ?ﬁgrﬁ%%ab%ﬁrb% thind ﬁﬂ‘ho\?géﬂef‘ﬁe f'F a’n%rﬁ‘?st%‘reoqfn “the
receiver, RehALGoha2NHHNY Al t06-datAieYePeb%s £8a316R &f@émﬁmoﬁﬂr eadi ng
code multiplying units 131 5 to 13n spread the data synbols using the

ti me- base ofr ehdi 8langes of the propagation paths in each sub-carrier.

(The fourth embodiment of the present invention)
Referring to FIGS. 9 and 10, the fourth embodiment of the
present invention will be described. The configuration of the

15 transmitter for multi-carrier transmission according to the
fourth embodiment is the same as the configuration of the
transmitter for multi-carrier transmission according to the
first embodiment.

As shown in FIG. 9, the pilot symbol allocating unit 17

20 of the transmitter for multi-carrier transmission according to
the fourth embodiment allocates the pilot symbol patterns #1
to #4 shown in FIG. 6, to any given portion (for example, #D)
in the pilot symbol durations in at least two sub-carriers among
the sub-carriers #1 to #6.

25 In FIG. 9, the pilot symbol allocating unit 17 is
configured to allocate the pilot symbol patterns #1 to #4 to
the portion #C and #D in the pilot symbol durations.

The pilot symbol patterns #1 to #4 which are allocated

to the same portion #C and #D are orthogonal to each other.



factor SFtinme and the sub-carrier spreading factor SFF=eq, and the
sub-carrier frequency nmultiplying units 141 to 14n and the sunmation unit
15 transmt the spread data synbols to the receiver. 10 In step 1104, the
controlling unit 19 changes the tine-base spreading factor SFtine and the
sub-carrier spreading factor SFFreQ fghlomﬁng the change in the condition
of the propagation path between the transmtter and the receiver. Then, the
spreading code multiplying units 131 to 13n 15 spread the data synbols
usi ng the updated tine-base spreading factor SFtinma and the updated

sub-carrier spreadiengof 8Ld®wcSEETEEstA0E tHE RURCITIbEL dur@8iBens i1
multiplying units 141 to 14n and the sunmation unit 15 transmt the spread

dat a synbolto thd time theceibecartiestiEp 1TID8t iseta rsmysnitbei parvion HC dat a

synbols 20 is conpl eted. Accordi n%_to t he method shown in FIG 14, it is

possi bl e t FWishs ehd pympet dsratienadd SreddaecsirBainghe fdmerkaRfe in the
condi tion of e pr gation.path, jin an enwvi.onnen _ C ition of
t he propaga"‘fnléorrli Eoﬁogegﬁﬁégﬁigﬂel?r{érrllesr’élltrteecrtlfg g%dttp\égg{égc}é%relf&%g changed

frequently, suchrag goreiyh 4@NEERE1EC0E ERe JiatR ¥PhpdD\REatdshs #0 as to
transmt the data synbols with high quality. I n the above enbodi nent) the

nunber of tHwe #2ubncetie | s aprdikelre# § yariblthedupal o dnsymbiedl durateongoficr et el vy,
but the present 24 invention is not limted to configurations using these
nunbers of U2 dfy it&es sghdcayrber HArdidhsis Aemsgcuséne FavER i on can be

applied to the configurati si;ng, m pi |l ot_.symho urations.,in_n

sub-carri ers |a6:ﬁ1’|e% gilde?lgf%l r'}gqtﬁagae‘ﬁ' &r%l ﬁgr%%gﬁt ocfonts%_é;tﬁi ?%tz symbol
patterns tahial beeat eons iih $REH1IRRbAN Pt neNt Bhid ®agBCEn AVt Hyidier pi | ot
channels in"a |ike manner to the above enbodi nent. Here, "ni and "n" are
positi Ve | rtegarionst ia theedasgcoiomos® tHersuh-chreieransmtter for
multi-carrier transm ssion according 10 to the present invention can

determ ne "m' ands'$howm iSUEHE a Inufie expRRLer H'e BL1QREYMPOlaPRE X r es or
2:‘ g?ﬁ; powg*rls “Q+f1,2+1 ag&i th" n\}'ﬁi[élpliisegligég ;[adoéo "t "e %%r';‘_riﬁonhgé {é‘ﬁ I ength
#D) and the pilot symbol pattern #2 “+1, -1, +1, -1, +1, -1 +1,
-1" which is allocated to the portion #C (or #D) are orthogonal
15 to each other.
In the fourth embodiment, the pilot symbol allocating
unit 17 can allocate the pilot symbol patterns #1 to #4, so as
to orthogonalize any two pilot symbol patterns using the 4
symbol durations in the direction of the time base, and
20 orthogonalize any two pilot symbol patterns using the 2 symbol
durations in the direction of the time base and using the 2 symbol
durations in the direction of the sub-carriers, as shown in FIG.
9.
According to the fourth embodiment, it is possible to
25 orthogonalize any two pilot symbol patterns using the 4 symbol
durations in the direction of the time base in radio frames,
and orthogonalize any two pilot symbol patterns using the 2
symbol durations in the direction of the time base and in the

2 symbol durations in the direction of the sub-carriers, when



pil ot synbol pattern, when the OVSF codes are used. The transmtter for
multi-carrier transm ssion according 15 to the present invention does not
need to be configured with "m' and "n" which are squares or hi gher powers
of 2, when other codes are used. (The functions and effects of the present
i nvention) 20 According to the present invention, it is possible to provide
atransmtter for multi-Carrier transn1§5|on and a nmulti-carrier
transmtting method which allow the allocation of pilot synbol patterns in
consi deration of interference with other pilot channels to the radio
franes. 25 ACoLALBOrtAnd D18 RGN Wb WRSHd QRa tho It RS ShRhRe1 o Vi de a
transmitter for multi-carrier transmssion and a milti-carrier transmtting
met hod whi atuladilpQwsieldein arddtok 16t , tdwe saptwaath mechoto | n Therefdeeatiian of t he
condition of the propagation path between the transmtter for nulti-carrier
25 transnm 5itdegenalt héleecymped pattenns whighrare theaseme &si on.lemfditi onal
advant ages ,and dification r eadi occur__to those skilled in the
art. Thereﬁ%@@ q?ﬁ@“iﬁ?eﬁ??%nlg F?Fl?%?qﬁiﬁuﬂ§r Fi6pedPs is not linited to
the spegific details and the representative enbodi mrent shown and descri bed
herein. Accordingly, various nodifications may be nmade w t hout departing
fromthe spimhHel faFthcemBoa@iméhe geneialpddbentt iveea@nespt as defined by the
appended cl ai s and their equivalents . 10 26 What is clainmed is: 1. A
transmtter for ReferritagrieFIGRankhitosién Mfiiguhe&jnhqﬁinﬂe@ttscrfttme
plurality of sub- C?FFIEFS havi ng. at _| east one ynbol duratiaqn

conpri si ngP*5°§ n%i LBVeRbieR Wil Bedescihad gugéﬁ tJo1 &IlllBEEF@t%ts pffrality
of pilot X EnaRa! BoRT140LGE1 G S P4 NIAAM: £:R-CR60 RhIEL.cdidie
0 atrons in at

| east one ot synb t two su -carrrers

transmipt ertﬂaaﬁsmaubtlbncaeebealﬁgaﬂ@rmwlﬂr}:tm ed®o@iflens. t a¢ne ai m 1, wherein
the pilot synbol allocater changes the length of a pilot synbol pattern
based on trte*ammﬁérte@‘ffqmeup;tio@aslyiﬁmtrpasmésmoxvvluirehsmies gheotadied. 3. A
transmtter_for | tj-carrier transm ssion_according to claiml1, wherein

the pilot SFABSE RTINS A RUTRILILOE SYPRYL QPERTIANEY LASRS AR INEAI L o
Spreadi ng G3ClsQh OB rgode. 4. A transmtter for nmulti-carrier
transm ssion according to claim1, wherein the pilot symbol allocater
al l ocates the pihstshymbain ZIGQatlier the t ramymigi tean £fper hudbi 4 dadiiemt | east
one pllot synbol durations in at |east two sub-carriers; and
16 transmission comprises a data symbol creating unit 11, a
serial/parallel converting unit 12, spreading code multiplying
units 13; to 13,, sub-carrier frequency multiplying units 14,
to 14,, a summation unit 15, copying units 16; to 16,, a
propagation path condition monitoring unit 18 and a controlling
20 unit 19.

Mainly, the configuration of the transmitter for
multi-carrier transmission according to the fifth embodiment
which is different from the transmitter according to the first
to fourth embodiments will be described.

25 The spreading code multiplying units 13; to 13, spread
symbols (data symbols) to be transmitted over the symbol
durations in a plurality of sub-carriers, using sub-carrier

spreading factor assigned in the direction of the sub-carriers

and time-base spreading factor assigned in the direction of the



the pilot synbol patterns which are allocated to the sanme portion are
orthogonal to each other. 5. Atransmtter for nulti-carrier transm ssion
25 according to claim1, wherein the pilot synbol allocater allocates the
pil ot synbol patterns to the at |east one pilot synbol durations in
predet erm ned nunbers of consecutive sgg-carri ers. 6. Atransmtter for
frul ti-carrier transm ssion 27 configurYed to transmt a plurality of
sub-carriers having a plurality of synbol durations conprising: spreaders
configured to spread and transmt synbols over the synbol durations in a
plurality afingulaGarriers, using 5 sub-carrier spreading factor assigned in
the direction of the sub-carriers and tinme-base spreading factor assigned
in the directi onAsfshdwn thrFEChate,; thedspreatinrgptbée mudrtfipdyied uroitshange
the sub-carrier spreading factor or the tine-base spreading factor, based
on 10 the donhdteilch $BreadhAgfagrmml pashnscthe Sb-iferrighsTREeadinthd a

receiver f lL.ti-garrier t snmssion. 7. Atransmtter f mul ti-carrier
transni ssi g?cg?? o!ﬁfﬁ@ﬁz ﬁ?éﬁzﬁﬂeﬁi%é‘?ﬁ‘ﬁ stpﬁgaggngr Gter éﬁgﬁg‘é=s4t)t'he
sub-cargi er spreagin 1y di 10 +,agkor when a
radi o c[F"\anneI is{fggt gﬂ%)é%%fﬁv\gece{#&t gmtlrtg?%%tﬁge?g%ﬁ% H}e tfroeggi’v(fa"%ﬁ5 8. A
transm tt emdlaiphelkta pltarsal £ty bFf ahifinedisais iarrcopdufgli oy @fesprdadMier ei n
the controller changes the sub-carrierspreading factor orthe

ti me- bases osigdi erch a v chitad aldidifiengns simbedepaitenevwhendheitadist t he
propagation.path.. 9. A nulti-carrier transmtti nethod for nulti-carrier
transm ssi 6hFSELEr gﬁgnf:??H] u’ée‘i)ll?}'r aAR5S7 gsGBgc§WF%f§ havi ng at | east
one pil ot nging%%hgml§pnpri sing: 25 allocating a plurality of pilot
synbol patterns which are orthogonal to each other) to the at | east one

pi | ot dgnbol dur@heopBopéigatidredsthl wondilioar moritoriy uhitulls - carrier
transmtting nmethod according to claim9 ( wherein the length of a pilot
synmbol pat f@nd toFscehegonditlen nfsthe mropegatdaparatds. thatpis §0 sasvbol

pat e 15 WS ELUERR B o pAHEALL BREReBR SRR 1
an O thogoRgh tYathakh 8r SArHAM M 168C408 thdVeEde £PEL for multi-carrier
transmission.

15 The controlling unit 19 is configured to change the
sub-carrier spreading factor SFrreq and/or the time-base
spreading factor SFi:ime. based on the condition of the
propagation path, that is to say, the condition of the radio
channel between the transmitter and the receiver.

20 The controlling unit 19 can change the sub-carrier
spreading factor SFrr.q and/or the time-base spreading factor
SFtime, When the radio channel is set up between the transmitter
and the receiver.

The controlling unit 19 can change the sub-carrier

25 spreading factor SFrreq and/or the time-base spreading factor
SFiime, following a change in the condition of the propagation
path.

When the symbol patterns of the spreading codes which are

used by the spreading code multiplying units 13, to 13, are



12. A mufti-carrier transmtting nethod according to claim6 , wherein the
pil ot synbol patterns are allocated to any given portion in the at | east
.one pilot synbol durations in at |east two sub-carriers; and 10 the pil ot
synbol patterns which are allocated to the sane portion are orthogonal to
each other. 13. A nufti-carrier transmtting nmethod according to claimé6 ,
wherein the pilot synbol patterns are 3 ocated to the at |east one pi | ot
synbol durations in predeterm ned nunbers 15 of consecutive sub-carriers.
14. A mufti-carrier transmtting nethod for transmtting a plurality of
sub-carri ef s (i dithiaeBlidH biiel! (HUTBLLnAMEALINNS oE ATY hiLBEp1 sREEATI NG
and transmtting synbols over the synbol 20 durations in a plurality of
sub- carri ersadits cRgnfabs darkéet iapflendragshacter. asswghed, ithe préad ecti on
of the sub-carriers and tine-base spreading factor assigned in the
direction ofymbrls ane ipfduenaad byhthgyFhangednlinses andfox pnpddtwded act or
or the 25 tjne-base spreading factor, based qn the condition o

propagat i om-hati RHRIRAGF LR Pfﬂg%m' £ eﬁ’%ﬁ(ﬁ‘f PE&@IO\QBPa#ﬁFynﬂ%t&%ar rier
transm ssi i i Lt LLRY I di t | ai m
10 whorei Mo AR Fehi 6 hbRedd BTapELE) TR AL LR ShBfg the
spreadi ng fRgdiy chanfB28GREUMCANA A rece NG lquald 1%9t i d/Reebweanid he
transmitter and the receiver. 16. A nmulti-carrier transmtting nethod
accordi ng tthelz@oaivgr.wherein the sub-carrier spreading factor or the 5

ti me-base spreading factor is changed faollow n% a change in the condition
of the propagatigﬁepapﬁ?e and/or the amplitude of the symbols in the

v ni sl AT R Ot FORF UoRE % ShinGXX 000/t A iMdmdi Y AT A

>? AOPUMDF K| myppi\dah lelregheakeYSU ke Wreodldoadibaabh€r] caheapaakeadsaideal cal
cal] cal] cal] cay] ca] cal] cal] cal] cal] cal] cal] cal] cal] cal] cal] ca] cRa] cRav
ef 1 i j p~12KL8he rAmp1Ajtade] of] thecaynbdla ] on|tde ddjreajtdahca¥cthea] ca] ca] ca] ca]

cal ca] ca] ca] Gal ¢392k 62l 8l Gl L AL ET G WS he YOSy sprend in the

propagation path.

Therefore, it is efficient for the controlling unit 19
15 to set up the sub-carrier spreading factor SFrreq and/or the
time-base spreading factor SFiim. flexibly within the range
wherein the radio channels are orthogonal to each other based
on the maximum Doppler frequency and/or the delay spread, so
as to reduce the collapse of the orthogonality, which is caused
20 Dby the change in the condition of the propagation path, between
the multiplexed radio channels.

For example, it is efficient for the controlling unit 19
to set up the maximum SF;i,, Which satisfies the condition "SFiine
< 1/fp ", so as to keep the orthogonality between the radio

25 channels multiplexed with SFiin., agalnst the change in phase
and/or amplitude of symbols in the direction of the time base
according to the maximum Doppler frequency f£fp.

Moreover, it is efficlent for the controlling unit 19 to

set up the maximum SFrreq which satisfies the condition "SFgreq



Z

@ xsni d_Z] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
.alcalcalcalcalca]calcalca]ca]calcalcal @ 0 a

Yu, j 3krs}xsni d_Z] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca%zga] cal Wj;

1+ 3<=q?AG} xsni d_Z] calU] ca] ca] ca] ca] ca] caJca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]l
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! GhcKde~LAzupkfa\ W c] ca] ca] ca] c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] cal] cal] ca
U ca] ca] ca]eal cabGHBpas to keep the orthogonality between the radio

@4p-. }xsnid Z]c[c]ca]ca]ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]calcalcalcalcalc
a] ca] ca] ca]adwncelcaodkdplesdd af L] Sirea) caddnst e Thahgknih phase

1) #) #HE- $EPFUOKPES&ULLEE&E=" } Xsni d Zlalg] c]lcal ca] ca] ca]ca] ca] ca]ca] ca]ca]ca

] ca] ca] ca] CRY/Frcamek: tudecaf sxresfedfcihe dfeartape SfcHie apbafeeftels > ' ' ' -
§’(7§ § g g *x % 4 ALEOFAIRG, Fo the deyay spEeadn 1] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ga] cal] cafrgalgml salfpspalcaté abeahealaat sahaah rahcthealcaded T.j k.

---R---. . &atisfyinlg/ {hé/dbok@<6uffi ot/ YHoWpeak ¢ afloa|SFalwc amhbEalkgal cal ca
] ca] ca] ca] ca] ca] ca] ca] ca! ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca! 0000
(1d1111112|42£28229(£311 393t sPrpadeatio, and may be set up by other

5} xsnid_Z]c cal calcal ca] cal calca] cal cal cal] cal.cal calcalcal.calc al ca]ca]c
a} > Ca]—CL]n']Ce]éJJhggscg Eal}%gq%lg]%i%gai,%g%r&lrerlce G3hotsal (ahqdl ¢al &gl cal cal
SD505r 5555%GhaWAIBO Q% E¥AT777+8(BBY999: & ' 1.t el 1 |wnhc”Y] c]] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]calc

a] ca] cdapcal :; According to the fifth embodiment, it is possible to
. <4<O<P<i <<<<<=G=a=b=i ====>?@R@ Q A9APACPC} xsni d_Z] CL] ] ca] ca] ca] ca] ca
] ca] ca] ca] dF2OEMEE] dateaFraPeds it e g uadidy) cRycapeureag cieal cal cal ca

! D* Dr EFEENEFFEGG
L&ﬁ%—lﬁﬂ f? %k%\? o Kf)?é %_ﬂgfﬁ%ﬁﬁ%caﬁ ccfjucsaejdcg]ycézf‘gafgéf‘ggf%ﬁ%aﬁ%%] ca] ca]
El?/} m\/]c%% m&b@@mﬂe?} balwéd s aldlc ahanheak ¢ ahieadic alC ahiKKKRKK IS EaLt LuLL
N>N@NBNg Nn NieNkBaogkex $ni Hh&] cohd il am]acfa]tde] pajopapeilion] patba] tm]thed cal cal ¢

a] cal ca%ca] cal ca] ca] ca] cal ca] ca] ca] caLcaé cal ca] ca] ca] ca! 00O
PHPePf BPPP Sy gt direction of the timeé base or the sub-carriers.

TTOT| T} T-TTTTTU' ' C a)J ca] ca
] ca] La% ca] cal ca] gg?c}@g]} %§H£f§2§%%}%§%a%cg ggﬁg}% %%%&%%m%v& W-
VANV the transmitter for multi-carrier transmission according to the
XOX: XANXXXXXXY _Y#Z- 2. ZW2ZZZZ} xsnid_Z] c]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] &difdd] empeodilmahta) ca] ca] ca]ca] ca] ca]ca]calcajcalcalcal Z[@[[[/\?\
\\\ CFG HNQANNN .
{_{ _13@ >1 ’?1 c1 |} L]skHi;Zfé] FRUS e HRONCOGFEaflafRE) €AFE aYRETL AR ca] ca] ca] ¢
a] ca] cahcalalkeahaaheabael cAd caltakealral s8) Al SAlE: spreatizgg<babhbbbbeYc\ cc
cdNdd| eeeee' fgf f ff 1g<g} xsni d_Z] c]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca]sFajgadnd] cn] cled cainoa]eslec aprapddhgafaaten] SBica! whemgl gigwggg) hkh
nhhhhh/iOiiijiiiiijjjoekskkkkkkk$l}xsnid Z]c]]]ca]ca]ca]ca]ca]calca]ca]calca
] ca] ca] ca] E&PE8) CRPRAPLEE] AP catE IR At sen & éFé&FE‘#E%fC%‘]“Ea‘}%] cal $lelv
LTI mm % noopppgqrrss@Asttit}xsnid_Z]c]]]ca]ca]ca]ca]ca]ca]ca]cal
ca] ca] ca] cgéc%ﬁ;%?éa] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!
't Jtt QUUUUUVXXYYFIG. 14 shows the flowchart in the case where the
yyyy{6{ 7{{{{> AID H K| }[}*~b~P!| vql gb] X] c] ] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca]
ca] ca] €] cEondrodldapcuhth] ta|adwngelsc dhe a ] e i spcepdahgafaatea! | ng&ho
w nbs&aMC| wr mhc”Y] ¢]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] ca] SiFea] RAY 5]y MeaPESec SPESPEATS of 7k B Hitine . fOLllowing
0] Y%DW xsni alca cal c C C ca] ca] ca] ca] ca
] Jca] X\é] ca] g%@c%}'%lg}g%a ga}fé%} (gg]}%g%lc%ﬂ ccgf]] %ﬂ@ﬁ%@%&? %%?hp é_@hi d]_Z] ]c] ] ]U] c}a] C
al] cal) ca] cal] careabh catesd eaicq{salin] qal,caheabpalaeion] 6a]awd ca] caj caj ca
] ca] ca] ca] ca] ca] ca] ca
U~[ ) KWt , c4a@nsmifitey] £4F hedtdafeafr el dajarsdaisd@hcel thlbeafleapcabed] cal cal ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca! Jj % ( +i Kn, c4qJ| w mhc”Y] ¢
]1]1ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]]ca]ca]ca]ca]ca]ca]ca]calca
] ca] ca] ca] ca] ca] ca] ca] ca] caAU~f H*10% h& ()- 10% h& ()-3Z210% h& ()-m 10%
h& ()-@10% h& ()-10% h& ()-9 & 10%-hFh& ()-+W2vi K-S 10% h& ()- ML0%
h& ()-Y 10% h& ()-10% h& ()-y10% h& ()-,f10% h& ()- - 10% h& ()- ,:paCGS
10% h, /10% h& ()--10% h& ()- ;y$: ' 10% X[ X& ()- y$:!110% h
h& ()-Sy$:!10%fs& ()-!10% h& ()-p~pgrsu{]?S 10%aA0%& () -

A NI A NN ITO NA NN T ~1 7 \ N N L NC



i K- 2y#109& ()-y! Z"109& ()- - 109 ()-L109% ()- 109 ()- 109%& ()-

"109& ()-@ O hl*410% ()-f210%& ()-+ 10%&' ()-f9*! 109%& () - (SL0%& ()- &

109& ()- 39409 ()-0 a bCA109& 109& ()-ys109%& ()- 10 10 109

109& ()- 7109 ()- L610% ()- Yu,j dEbCAL109%& 10%& ()-L109%& ()-!109%& () -

109 ()- z109%& ()- @OY% ()-j 3kdEbC410°/e&' L109& ()- 109& ()-109%& ()-f

F"10%&' ()- y10%&' ()- 10%& ()- WIEbCA10%&2¢ 109%& ()- & 10%& ()-39%40%& ()-y#
109& ()-f! 109 ()- @O% ()-;r3qdEbCA109& S2! 109& ()- 1- 109& ()-f/-

10%& ()-- 109%& ()- +10%& () - S9*! 109%& () - q<= >’>Axan410%&' s10% & ()- 10 10 10

9GLOY& () - 7109%&' ()~ kfio %Q"/%(héll%& (D AGdEND O‘V@a symbols
10% & (). 10% & ()- T1004 & () 100 & ()-8 100k & () 1008 &) abnbCatoves-

10% & () - y!'tfab@Hi%& ted- t ot hd0fd deli ier Bbd A1 (- ):alri:ﬁ)%&r(a)‘;s}ﬁlsSJ.on are
10@6&f()-K~LAZX6an!N2"10%&f()-!+y/- 10%t& ()-!
(m' 109%&' () -9e@anet®@h-t & ()-' - 10% & ()-!H#- 109 ()-yAbCI N2, 10%& ()-
S10% ()= 10% (5, 101,104,100 § IO, 0118 10U &L a QRGBS 0% (-
5 time-base spreading factor SF.in. and the sub-carrier spreading
factor SFrreq, based on the condition of the propagation path
between the transmitter and the receiver, before transmitting
the data symbols.

In step 1003, the spreading code multiplying units 13,

10 to 13, spread the data symbols using the time-base spreading
factor SFiine and the sub-carrier spreading factor SFgreq. and
the sub-carrier frequency multiplying units 14; to 14, and the
summation unit 15 transmit the spread data symbols to the
receiver. In step 1004, the transmission of the data symbols

15 is completed.

In an environment where the condition of the propagation
path between the transmitter and the receiver is not changed
frequently, the controlling unit 19 can follow the change of
the propagation path by setting up the time-base spreading

20 factor SFtime and the sub-carrier spreading factor SFrreq €ach
time the data symbols are transmitted. Therefore, the
operation shown in FIG. 13 is suitable to the above environment.

Second, referring to FIG. 14, the operation of the
transmitter for multi-carrier transmission will be described.

25 As shown in FIG. 14, in step 1101, data symbols to be
transmitted to the receiver for multi-carrier transmission are
generated.

In step 1102, the controlling unit 19 determines the

time-base spreading factor SFiime and the sub-carrier spreading



109& ()-z109%& ()-& 109& ()-1!109%& ()- 109 ()- @dBbCI N ,y!Z"109%& ()- 4

109&' ()-LmlO% ()-- 10% ()- 109%&' ()-yZ"109%& ()-p_TA B }~?4C 10l 4@

1098 ()-S2"109& ()-1 109%& ()--- 10%&' ()-!\S&" 10%&" ()-!X! S&' 10%&' ()-B C D F

T 17/ ninN L10%&' ()-10%&' ()- 10%&' ()- S10%&' ()-10%&' ()-ys10%&' ()- 10 10n!!

"I") #j #aBnN L10% F' 1098 ()-! @ F" 109 ('3 109& () - f 3F" 109%& () -

100& () - 10%& () -] ##- $$994.8z X6N/ | \ 0S3%TCL0%&: () - s! SS3% 10%& ()-s! S3%n 100&
' () - s! DS3%' 109&' () - s! SCS3%' 10%&' () - s# 109&' () - LAMENEOKP&&&S&: ' xY7! ! | 109&’ (
)- 109 () - @O%&: ()-10%& ()-s10% ()- 10 10

- (() ?) 224 QoY B! %' Gb&@e@‘ c(r) -thel 8¥&al} 108 08 fne ! pr ation path
G'lO%&f()-'DG 10%&f{5 F110%k& () - )***+X+]+anY7|||6L618%£

1098 () - f 22840048 ( )theltﬂé)%:(t)téﬁ(iaﬁa"ﬁw&e@:iﬁei&lmc(r)e }:tamsmrtrﬂ-j,ﬂngil 116
S109&' () - 10%& ( fslo%gz(_L 10 10 109 10%& () -
8109%& () - 1’91,19:, FEHEOPOLEL 0% () - 109& ()- L10%&' ()- 10%&' ()-Z109%&' () -
109&’ R—---8 dELC! !
109%& 8 " 109& (f IPoo&ep) 1?63/&' e SRTESAENE) C9T80R T IPLY IS MRAEEL LR 6@ 10

%&f()-(%ﬁg@%&)rs spread the ta Symbols ing the time-base spr
&10%&' () - 3%10%&f() y#lO%&f() S' 0% () - ?10<0X000(1dEbC‘"6410%&! %-@ﬂF"lO

%& ()- 110U4¢tYor SFiiyne and the sub-carrier spreading factor SFrreq, and
f/10%& ()--@0%& ()-, 109 ()-(1d11111112bC!!!6 10%& ()-s10%& ()- 10 10 109
10%&' () - 810vkEe ERb-cergier (Jrexyerry3nBdEbrlyimd oygtE) 14: to 14, and the

summation unit 15 transmit the spread data symbols to the
receiver.

10 In step 1104, the controlling unit 19 changes the
time-base spreading factor SF:in and the sub-carrier spreading
factor SFrreq, following the change in the condition of the
propagation path between the transmitter and the receiver.

Then, the spreading code multiplying units 13; to 13,

15 spread the data symbols using the updated time-base spreading
factor SFysy and the updated sub-carrier spreading factor SFryeq.
and the sub-carrier frequency multiplying units 14; to 14, and
the summation unit 15 transmit the spread data symbols to the
receiver. In step 1105, the transmission of the data symbols

20 is completed.

According to the method shown in FIG. 14, it is possible
to set up the proper SFiine @and SFrreq following the change in
the condition of the propagation path, in an environment where
the condition of the propagation path between the transmitter

25 and the receiver is changed frequently, such as an environment
where the receiver moves fast, so as to transmit the data symbols
with high quality.

In the above embodiment, the number of the sub-carriers

and the symbol durations are written concretely, but the present
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be allocated, in con31derat10n of interference with other pilot
channels in a like manner to the above embodiment. Here, "m"
and "n" are positive integers, the same as, or more than 1.
The transmitter formulti-carrier transmission according
10 to the present invention can determine "m" and "n" in such a
manner that the "m" and "n" are squares or higher powers of 2,
and the multiplied result of "n" by "m" has the length of the

pilot symbol pattern, when the OVSF codes are used.
The transmitter formulti-carrier transmission according
15 to the present invention does not need to be configured with

"m" and "n" which are squares or higher powers of 2, when other

codes are used.

(The functions and effects of the present invention)

20 According to the present invention, it is possible to
provide a transmitter for multi-carrier transmission and a
multi-carrier transmitting method which allow the allocation
of pilot symbol patterns in consideration of interference with
other pilot channels to the radio frames.

25 According to the present invention, it is possible to
provide a transmitter for multi-carrier transmission and a
multi-carrier transmitting method which allow the control of
the spread method in consideration of the condition of the

propagation path between the transmitter for multi-carrier
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and the representative embodiment shown and described herein.

Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equivalents.

10
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s! 10%& ¢) - f 10%& @) pilﬂ)tlosymbol allocater configured to allocate a
plurality of pilot symbol patterns which are orthogonal to each
other, to the at least one pilot symbol durations in at least
two sub-carriers.

2, A transmitter for multi-carrier transmission
10 according toclaiml, wherein the pllot symbol allocater changes
the length of a pilot symbol pattern based on the number of the
pilot symbol patterns which are allocated.
3. A transmitter for multi-carrier transmission
according to claim 1, wherein the pilot symbol pattern is
15 configured with an Orthogonal Variable Spreading Factor (OVSF)
code.
4. A transmitter for multi-carrier transmission
according to claim 1, wherein
the pilot symbol allocater allocates the pilot symbol
20 patterns to any given portion in the at least one pilot symbol
durations in at least two sub-carriers; and
the pilot symbol patterns which are allocated to the same
portion are orthogonal to each other.
5. A transmitter for multi-carrier transmission
25 according to claim 1, wherein the pilot symbol allocater
allocates the pilot symbol patterns to the at least one pilot
symbol durations in predetermined numbers of consecutive
sub-carriers.

6. A transmitter for multi-carrier transmission
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direction of the time base; and

a controller configured to change the sub-carrier
spreading factor or the time-base spreading factor, based on

10 the condition of a propagation path between the transmitter and
a receiver for multi-carrier transmission.

7. A transmitter for multi-carrier transmission
according to claim 6, wherein the controller changes the
sub-carrier spreading factor or the time-base spreading factor

15 when a radio channel is set up between the transmitter and the
receiver.

8. A transmitter for multi-carrier transmission
according to claim 6, wherein the controller changes the
sub-carrier spreading factor or the time-base spreading factor,

20 following a change in the condition of the propagation path.

9. A multi-carrier transmitting method for
multi-carrier transmission for transmitting a plurality of
sub-carriers having at least one pilot symbol duration
comprising:

25 allocating a plurality of pilot symbol patterns which are
orthogonal to each other, to the at least one pilot symbol
durations in at least two sub-carriers.

10. A multi-carrier transmitting method according to

claim 9, wherein the length of a pilot symbol pattern is changed
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allocated.

11. A multi-carrier transmitting method according to

claim 9, wherein the pilot symbol pattern is configured with
5 an Orthogonal Variable Spreading Factor (OVSF) code.

12. A multi-carrier transmitting method according to
claim 6, wherein the pilot symbol patterns are allocated to any
given portion in the at least one pilot symbol durations in at
least two sub-carriers; and

10 the pilot symbol patterns which are allocated to the same
portion are orthogonal to each other.

13. A multi-carrier transmitting method according to
claim 6, wherein the pilot symbol patterns are allocated to the
at least one pilot symbol durations in predetermined numbers

15 of consecutive sub-carriers.

14, A multi-carrier transmitting method for
transmitting a plurality of sub-carriers having a plurality of
symbol durations comprising:

spreading and transmitting symbols over the symbol

20 durations in a plurality of sub-carriers, using sub-carrier
spreading factor assigned in the direction of the sub-carriers
and time-base spreading factor assigned in the direction of the
time base; and

changing the sub-carrier spreading factor or the

26 time-base spreading factor, based on the condition of a
propagation path between the transmitter and a receiver for
multi-carrier transmission.

15. A multi-carrier transmitting method according to

claim 14, wherein the sub-carrier spreading factor or the
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