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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, "IEEE802.11a", 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).



2 As shown in FIG 1, spreading code multiplying units 131 to 13n spread
data synbol s using spreadi ng codes, create DS-CDVA signals by arranging
(mappi ng) the spread data symbols (chips) in the time- smt a
plurality of DS-CDVA signals 5 over sub-carriers in pa?g%ﬁ%P"ﬂ’ﬁ&Pﬁg

MC/ DS- CDMA. As shown in FIG 2, spreading2zcode nmultiplying units 131 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

t he arranged data synbqls (M- l10 Si als Eﬁég ub- carrh

parallel, in the I R ‘s TWelE én?éﬁé Rt tPa §§1é5|on_
systens US'ngxﬁyiﬁpréé&B%&a%@%ﬁ%ﬁb%éhﬂ@Qﬁ%%%d@ﬂé%oh@EeQ§%¥%EbSSEBﬂAed 'S
that the nmulti-carrier transm ssion has a tolerance to ti-path

propagati on whiighhails lgnasedndingi(gaapsny y ahenspndadgddta tsymm)as t(chnpritter
to a receiver via a plurality of propagation_ paths. Wen nulti-path
propagati on ocdduti® tHur@ase. s JBEaFit ? PRYF2ALHelofy BE - SP¥h&L9radehi ng

the recel vgr Sa BLLLELE U U 83511 oot 6el Yedosi gaipl . 20 Hovever, in

the nulti-carrier transm ssion, econe onger, and a

del ay between the eﬁélsshowngmln(d op, sptaEphkfg @@yﬂbptlmrngt oeipath, #1)
and the del ayed signal (for exanple, a synbol over the path #L) is smaller
than the synbdic lBengphead %ﬁ@MﬁYFbGJSSu&mhkﬁﬁﬂ@ﬁéin5e0¢¢ﬁﬂuéﬂ@énsiﬂg

nterference 25 cause | ti-path pro tion | S reduced.in t
hultl-carrler FBHUS g Eﬁ% Sqﬁﬁa ﬁéf oﬁyT%:%P%%géhgﬁiiﬁéﬁz’uI@vé?Va?
the anplitudguer chbe: PRasanal tidensitonRs sartﬂaaaémdatteads{rﬁgmé h&ic-coma

transnitter. Therefore the receiver needs to renove any change
10 signals) over the sub-carriers in parallel, in the MC-CDMA.

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



23 Decenber 2005 3 in anplitude and/or phase which occurred in the
propagation paths, and reconstitute the information which is overlaid on
the anplitude or the phase. The nethod for transmtting, *ggg b%?? G4 NS
(pilot synbol 5 patterns), in which the anplitude and p ase are known in
the transmtter and the receiver, betwees the transmtter and the
receiver, and estinmating the change in anplitude and/ or phase which
occurred in the propagation paths are known. Therefore the configuration
of the pil ot channe mul ti pl exes the pilaot synbol patterns is

very inportant qr?ﬂ?ﬁétuﬂﬁl??d %ﬁIHhQFetW%&@Hn%ﬁﬁqﬁ¥edR%§aFQﬁerQH%Qatlon
configuration oferihe,phl Ql.Ranngke! fhd [lﬁmfogr_lék}or?%fé{ ichl 4 Er@@?aﬁﬁ' gn. the

configuration of the pilot channel i'n Scl 65ed

JP2001- 203665, thehempiicaas i gtiraid haet.the pilot channel in the MC/ DS- CDVA
I's disclosed in JP2001-244913, and the configuration of the pilot channel
in the MC/CDMVA is dT%‘éF‘G§BGd|f|‘?rJW@![ﬂIQJF%$YmTFhé P&b‘@@én%iéémh@htsymbpkcl ose

the configyratj rTLI|tI X i 1.qt nbo atterns in at t one
direction l5|20 ggqftﬁ% L B"’asleC %ﬁ% q'o &8?\% é CCAF P HEP 6P Tes.
The nethod forrspeRadias Hat ehéwé&ll%ew ﬁét%:ed;!nr 'é‘ﬁé 1t93nsRit 188 drigmenbase
and the sub-carriers in two-dinensions, that is to say, the nethod for

spr eadi ng dat azegyﬁmers e es fiph uirad 'rthy crm‘ngseyﬂmmmgiultaﬂbmmﬂdr phpseral ity
of sub-carrierg ﬁ di sclosed 25 in " using a nethod for spreading
r

in the time afd*CPrBEULNSA dondPR BFWQ%&U?P@?W@T? d@¥ifcal report
RCS- 200- 3 publ i shedriyrdfis-el RELT EHE RAlraFi 661 LHNES p11b P HAHREh Ofn AOK

Communi cat i on Engi neers)™
10 multiplexes the pilot 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 pilct 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



However,
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conventi onal

direction of the tine base or the sub-carriers

t he conventi onal
has a problemin that the influence of the interference
the pilot channels nultiplexed on the radio frames is

met hod for spreading the data synbols 5 in a?gfeas one
has a problemin that the

configuration of the pilot 23 Decenber 2005 4
betmeen

The

nmerit of the signal transm ssion characteristics in each nethod greatly
depends on the condition of the propagation paths. 10 BRI EF SUMVARY OF THE

I NVENTI ON In vi
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another obj ect neft thaspaesant invention to prOV|de a transnltter for

multi-carrier transmssion and a nulti-carrier transmtting nethod for
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BRIEF SUMMARY OF THE INVENTION

In viewing of the foregoing, it is an object of the present
invention to provide a transmitter for multi-carrier
transmission and a multi-carrier transmitting method for
allocating 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
spreading metheod, 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
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.

| east one pil ot synbol

to



durations in at least two sub-carriers. 23 Decenber 2005 5 In the
transmtter for nmulti-carrier transm ssion, the pilot synbol allocater

preferably changes the length of a pilot synbol patter e
nunber of the pilot synbol patterns which are allocat %Bgéfi-ﬂb&‘zdd%

transmtter for nmulti-carrier transm ssiof, the pilot synbol pattern is
preferably configured with an orthogonal Variabl e Spreadi ng Factor (OVSF)
code. In the transmtter for rrulti-carrier transrn'ssion the pilot synbol

al ! ocater pr ef er abl Yn a‘!ﬂé)c\t%%lﬁg &‘E"Felpr%) Ocarrlerp%t%er nlgssﬁtloot[ﬁg¥hgl ven

portion in the at |east one p| uratlons i'n

sub-carriers. pIIth[:H}hﬂiolS&]]Dﬁateﬂ'aﬁlt:@ﬁ'élSaBM}' Sharfed hd ecabed otfoa hessane
portion are orthogonal to each other. In the transmtter for ti-carrier
transm ssion, Sﬁ?Wé‘)l]H?tmelr@tb@%ﬁogh talel marshear oprwfeemamwsahb@b@taeaserﬂm pi | ot

synbol patterns o t he Pjtc ea t one pilot synmbol durations in
pr edet er m ned nunpef &% of - cHifeECut i ve sub- carri ers A second aspect of the

present inyention iy SHERELZEM: t @S @ol" RS rik@r P%ﬂ higtAhl efn :
transnission configured to 20 transnit a p ura Ty Cof - Subcarrier $%havi ng

a plurality opidghbodymheriat pehseconyrsi spngfspdtEadeesnanguiecoRtital | . The
spreaders are configured to spread and transmt synbols over the synbol
durations in 8°pegarst Walﬁlaé’&ﬁ ERFPIdIng Fasitay (QUSE Lk aadeer spreadi ng

e s A
control l er isptbofiguied kQlocater preferably allocates the pilot symbol
10 patterns to any given portion in the at least one 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 transmitter for multi-carrier transmission, the
15 pilot symbol allocater preferably allocates the pilot symbol
patterns to the at least one pilot symbol durations in

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 propagaticn path

between the transmitter and a receiver for multi-carrier




change the sub-carrier spreading factor or the tinme-base spreading factor,
based on the condition of a propagation path between the transmtter and a

receiver for multi-carrier 23 Decenber 2005 6 transm ssizginD el'"\%trr@fls
transmtter for multi-carrier transm ssion, the controll ?ﬁé‘? e y

changes the sub-carrier spreading factor @®&r the tine-base spreading factor
when a radio channel is set 5 up between the transmitter and the receiver.
In the transmtter for nmulti-carrier transm ssion, the controller
preferably changes h%sféjb carrier spreading factor or the time-base
spreadi ng factor, FOrT ow ng a change in the condition of the propagation

path. 10 A third aspeetrn@f +-Bsi @SN MY Q) 11,3 o SUPTR{J %%1%% f%ﬁ

multi-carrier transmtting nmethod for multi-carrier transm ssion
transnitting acphbrellé¢ypoéfstdbloachaeiss thasubgcatri@asprone iy kottsynbol
duration conprisi allocating a plurality of pilot synbol patterns which
are 15 orthogofal 15?% té&‘@ﬁbéﬁ?uesrpretaélﬂﬁef%q% whghioiradip atiameli isatet | east

two sub-cargieps. nif,d I er tr tting nethod, the length of
a pilot synbol %atter n&?ﬁgrtet?% %H é%mﬁa’é‘é %% 'he nunber of the

pil ot symbol pattermn \tthft'aﬂ{Si‘lll&|t|eQC§6§dnu13:q_ kArtbher "G&Jatn'smﬁééﬁ_b ' the
transmtting nmethod, the pilot synbol pattern is preferably configured

with an ort hog‘é?i'é"ﬁr‘ﬂ\}érri R e rglaadiangeBatios uh uBR)iexosiereddinigh®act or

multi-carrier tr mtt Ln Elmathod t he gllot synbol patterns are
preferably alloca 5d T8 aReS Gi ST agdPE BAEt s ?Hlﬂﬂ‘é“bﬁi | chapapoin dileat i ons

in at |east twWoorkdli-iGar bicekfe Ji¥pagation path.

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 transmitting method, the pilot
symbol patterns are preferably allocated to any given portion

25 jJ]thepilotsymboldurationstlatleasttwosub—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




pil ot synbol patterns which are allocated to the sane portion are
orthogonal to each other. In the nulti-carrier transmtting nethod, the

pilot synbol patterns are preferably allocated to the pjJ0t_ syob 3
Decenber 2005 7 durations in predeterm ned nunbers of c [g%‘iﬁre{l?/eerqoog
sub-carriers. A fourth aspect of the present invention is summarized as a
multi-carrier transmtting nethod for transmtting a 5 plurality of
sub-carriers having a plurality of symbol durations conprising: spreading

and transmtti nbol s over nbol durations in a plurality of
sub-carriers, [‘}gfﬁ 1OR%b- cHi ri é’FegﬁFéHHJr‘?‘ng f altBPeEE s g‘?fced |°|‘?nFﬁEXEFr‘feect i on

of the sub- cagﬁbeg§rfgggglne base spreading factor assigned in the 10
direction of the tine base; and changing the sub-carrier spreading factor
or the tine-base spreatiuighf aspect dfaznd presdite iaoadiid®nNisokuampr DHpaat i on

path between the transmtter and a receiver for nulti-carrier
transm ssion. PR h@UHiLtF2EREET ebranedrhing rﬂ‘@tﬁﬁﬂhéér ttﬁénSf&jétfsldw- aarrier

spreadi ng fact the t| me- hase s readl ng. .factor fer hanged
when a radlg cﬁ%ﬁ%e 5 &t ubn betweé tl?frq"]tnrgan%mptl ﬁ %{ Cbelalver

In the nulti-canthefodd @aBmprising. @gkeaémé hea %s‘ﬁﬁ&rthﬁé s%m{b%a@lléigaxf actor
or the tine-base spreading factor O is preferably changed, follow ng a
change in the tbadéymorl clurdtiengr dpagapilonapath. oBRIVEF BESORF£.TI GN.r@= THE

SEVERAL VI EW5 O: THE DRAWNGS 25 FIG, 1 is a diagramof the schepatic
configuration BPPEITHTENTPTRPITET TREFPE- ﬁﬁ\?!@”tepaﬁ%rﬁh?sﬁibﬁeca%& af id'& o the

prior sub-carriers and time-base spreading factor assigned in the
10 direction of the time base; and changing the sub-carrier
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 is 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




art. FIG 2 is a diagramof the schematic configuration of a transmtter
for MC-CDVA transm ssion according to the prior 23 Decenber 2005 8 art.
FIG 3 is a diagramexplaining the reason why the influ

i nterference caused by the nmulti-path path propagation i ﬁgcﬁecgﬁijb@ééoon t he
mul ti-carrier transm ssion according to the 5 prior art. FIG 4 is a
di agram exenplifying a nethod wherein the pilot synbol allocating unit of
the transmitter for nulti-carrier transm ssion according to the first
enbodi nent of Fﬁt‘%e present invention allocates the orthogonal pil ot

channel s. I's a diagram exenplifying the orthogonal pil ot

channel s al I ocated Bbygt hie‘lspéh@Eg§¥rﬂJ€le§iﬁﬂ§fEh@9eHE&)ﬂ Wi th*éeinftlﬁaaﬂémtter
for nmulti-carrier transm ssion according t first enbodi ment of the
present inventdornterGeréncs caudiedgbmmiexenpki f yatty pahé propogonaln psl ot
15 channel s all ocated by the pilot synbol allocating unit of the
transmitter fdreGnned ivafhe é?ujttrldr?@FfFé%FoFFW&llﬁ@ 2ECeFELNG &QokBe

embodi ment sof F}ﬂ%rpr(_f\c%ent invention. FIG 7 is a diagram exenplifying OVSF
codes which belong to the orthogonal pilot channels allocated by the pilot
symbol 20 al | ocati RgGURIis HHibGEark ERGEH] {118 of Dihe AR WhEBE LT €he pilot
transm ssion according to the second enbodi nent of the present invention.
FIG 8is a disat'g}bé?ﬁq éiéﬁ%@‘ﬁf%ﬂ i ﬁﬁth@%l wearsaiftenef of Il tisgaisgier

al locating unit of the.transmtter multi- car 5 transm ssio
. rals
according to tRE thita HSHOREAtS tfo tﬂ% bHede R {’O&men?t of A PréSes
invention allocates the orthogonal pilot channels.
10 FIG. 5 is a diagram exemplifying the orthogonal pilot

channels allocated by the pilot symbol allocating unit of the
transmitter for multi-carrier transmission according to the
first embodiment of the present invention.
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 isadiagramexemplifying 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. 9is adiagramexemplifying a method wherein the pilot

symbol alleocating unit of the transmitter for multi-carrier

transmission according to the fourth embodiment of the present




invention allocates the orthogonal pilot channels. FIG 9 is a diagram
exenplifying a nethod wherein the pilot synbol allocating unit of the

transmitter for multi-carrier transm ssion according t r[]
enbodi ment of the present 23 Decenber 2005 9 invention %Pg‘g% gg%%g

orthogonal pilot channels. FIG 10 is a i agram exenplifying the nethod
for allocating the orthogonal pilot channels to radio frames consisting of
two slots according to the fourth enbodi nent of 5 the present invention.

FIG‘.ll is.a qiégﬁéﬂ%gfaffg%a%%gegﬁéig{éﬁ% Jﬁgﬁrﬁﬁiﬁp éﬁﬁn l%hansnitter for
mul ti-carrier transim ssi'on according to the f enbodi ment of the

present invention. Fié€x 112 ikSaaqdagedmmeRxplaEping mdaidtadanwherein the 10
transmitter for multi-carrier transm ssion according to the fifth

enbodi nent of athecptéserithe préhboonal pridads cianne by ntolmadipl] Grangsjs a
flowchart illustrating the operation of the transmtter fqQr multi-carrier
transmi ssion SEBBIEFHYY ©F tHR St Ace grrﬁﬂtﬂbef IPPHEt r é’r‘?tlmfeﬂ%e i on.
15 FIG 145isgef {J%‘QM ti ivleh¥sbhating the operation of the transmtter
for multi-carrier transm ssion according to the fifth enbodi nent of the
present invention. G .DETALEED OESCRMPIE QheOs chibhat NYEMHANYurathen foff st
enbodi rent of the present invention) Referring to FIGS. 4 to 5, the first
enbodi ment of 2t Heangiiddent fon Pedtiofahr1er hEapeRtss iy aceredEshitPgidtat i on

O e Lok EE S G0 Lol aisghegin socorting to Lhe
mul ti-carrier FIG. 12 is a diagram explaining a method wherein the
10 transmitter for multi-carrier transmission according to the
fifth embodiment of the present invention spreads data symbols.

FIG. 13 is a flowchart illustrating the operation of the
transmitter for multi-carrier transmission according to the
fifth embodiment of the present invention.

15 FIG. 14 is a flowchart illustrating the operation of the

transmitter for multi-carrier transmission according to the

fifth embodiment of the present invention.

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 confiquration 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.




transm ssion according to the prior art shown in FIG1 to 2, except for
the nmet hod wherein the pilot synbol allocating unit 17 allocates pil ot
synbol patterns. 23 Decenber 2005 10 As shown in FIG 4 ﬁ%:pe tran§ '%ter
for nmulti-carrier transm ssion according to the first 3 (?&F%)r?{ m’ nsmts
radio franes consisting of at |east one Bilot synbol duration over a

plurality of sub-carriers #1 to #8. 5 In the description, a "pilot synbol"”
refers to one bit information taking on values "+1" or "-1", and a "pil ot

nmbol tt " ' ti ISt f | Jt L _1h
o ot symbol o, As Showry i T fior cEnRF I PR b g 10,

i ncl udes a pi ltamsyniBel opaid@rdify torthe hrstlembbbimédt tEQnbhitd bagtd” and
so on. The pilot synbol pattern can have any I|ength of synbol durations.

For exanpl e, tiramsisl gpneysbilg qfaeteleastl ongspélghisympeBoludatiun oNer | n

t he description, .the rd "orthogonal " ns that a value cal cul ated by
nul tiplying pi% &1u§§‘ﬂr\£%¥’s°€m§%l?f rrrlgé"ﬁgﬁﬁ t9 58 t h each other between two

pi ot synbgl patterng gnd &IUBYiRY;bRe émfti'lebc' S b SBUl LS elr§ 0 ond BiEI G 5.
for exanple, the pilot synbol pattern #1 "+1, =1, +1, +1, +1, +1, +1, +1"
I s "orthogonalihfotreathen pidkdingsynballupat t€rmo#2" -1, and,a *hilet symbpli- 1,
+1, -1". In the description, the "orthogonal pilot synbol patterns" 20
refer to the PAYSETBymsAcTSat? ePASTUATEIN SPRs bt HhBAA PHOrEddH obfther In

o e PR AERLL O p SIE P B BHOCEAS 050, iy
durations. 25pattekfirkluliep & @119y dBaibaal poevdtmgiunitt, 17, can al | ecate

10 +1, +1, +1" and so on. The pilot symbol pattern can have any
length of symbeol durations. For example, the pilot symbol
pattern #1 has eight symbol durations.

In the description, the word "orthogonal" means that a
value calculated by multiplying pilot symbols which correspond

15 with each other between two pilot symbol patterns and summing
the multiplied resultsis "¢". 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




pilot synbols to the pilot synbol durations, and allocate data synbols to
data synbol durations. There are pilot synbol durations having a | ength of
only 4 synbol durations in each radio frame, so that tf}g I:Pi | ot é#&ﬁgl 23
Decenber 2005 11 allocating unit 17 according to the pri®or f“%é
mul tiplex only pilot synbol patterns having a |length of 4 synmbol durations
over the radio franme as orthogonal pilot synbol patterns, and can not
all ocate nore than 4 types of pilot synbol patterns. 5 On the other hand,
the pilot synbol. allocatin nit 17 ..according to the first enmhodi nent can
'l obate a bl PRHITSEERE UBFs OgsHaFasRie Syl opart AR e g
symbol durati ops)ot Qﬁﬁb@i a%ltb}Ms(B%v§HQl'aCﬂfr{dt%{§_fQlfsc'}ﬁnb%)iatm}laec’io%s gver

a

sub-carriers), so that the pilot synbol allocating unit 17 according to
the 10 first ethodiadkn feaneadd axahegbhel gilvagegabo pipatitesyighohnd paint er ns
having a length of 8 synbol durations when there are pilot synbol
durations havi®t 2Ha5GNe Bpra Syabd tyeest PEneilomymbad BRTERER® 8 types

of orthogonal pilot sy I tter t th Xi Especially, ,.n a
case wher enqgase statgiioggga%p F‘S/It gjagéi'rg%?ipolﬁé’l B@’gﬁ?n}t railgfr%agéf)gnurﬁgﬁ nd a

plurality of astesWaisd 8o €aCkimebidibhoriakbh@Ncdh a08bbut@ra $YSEEMBLy of
dedi cated pilot channels (pilot synbol patterns) are required for every
mobi | e st ati ovxthigongflapblotasyobdl mgtiternhdof the pidpbodimbeit qutdiaioas20 i s

an advantage in that the nunber of multiplexed orthogonal _pilot s ol
patterns cgn be® Pn%"‘éﬁ%lejdt%ﬁ ?‘F\%"?ﬁﬁ%@?fgo?’%(?%&?%mpg%ar?néllg""b%rﬁﬂe?é'%/? t'he

base stations andrhe AL £o5tdhbBNSaLbatiS g 16E£5LGccbLFind 44 st rates
an exanpl e of the orthogonal pilot
10 first embodiment can allocate the orthogonal pilot symbol

patterns having a length of 8 symbol durations when there are
pilot symbeol durations having a length 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 is 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 symbel 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



25 synbol patterns having 8 synbol durations allocated to the pilot synbol
durations in tw sub-carriers repeatedly. According to the first

enbodi ment, the orthogonal pilot synbol patterns are a | ot
synbol durations in a plurality of sub-carriers #1 to ggqsan&ql?%&opgn th

of the 23 Decenber 2005 12 orthogonal pilt synbol patterns becones Ionger,
so as to allow an increase in the nunber of orthogonal pilot synbol
patterns which can be nultiplexed. In a case where the orthogonal pi | ot

synbol patterns 5 . all cate over luralit f _sub-carri 1to #8,
a correlation ]f)ta}i et %ﬁgegym % H%tgﬁﬁbﬁ E’%ﬂ%’f%ﬂ%%r&ﬁagat C’oanl Bat hs
in the sub-cargd %'h%r%&staolr#&h@eﬁﬂﬁbérooﬁeofﬂ{cﬂﬁmaio #Pot QymbBAUSE: 1@ s

col I apse of the orthogonality between the pil }Izlannel S received at the

receiver for miidh caanr ber miDtiplnsad.ssi on. In mul ti-carrier transm ssion
systens using a plurality of sub-carriers, a correlation between changes

of the condition off™tH&EIFLOPHRER tBﬁ PARGOPAL (Rid oA dF WERS, PEEBEERSF AT&rs i s
arge, so as Lo IRAUeR bie- ATLURNAYOT o N, E0ldAR8E 0L, | g 4or thogonal ity

between the pi annel s. re according to the fi

enbodi ment, i tcdﬁemaaahme&wte@nmﬂatnlg@b% the c@ham@g@mak el @fo;sagmwon
patterns to radio frames, so as to reduce the influence of the
i nterference ddSednbihepistbt cayrirts }ﬁéttfer#@sni%ﬁd! e padiardenapesas to

Mor eover, accar the | rst 20 synbal
al | ocating unit® &ff %a §csfe a%s p|°ﬁf_?73 Pty gl?d%qqagthgyﬁﬁgvee’ba %Pid°fo the
pilot symbol @EHadhied8SrkBefrdd LH@'thEYrQef:e;LMﬁ&“in'u@'i:irc§@rfért0 make the

| ength of the pilot synbol patterns which can be nultipl exed |onger,
i ncr ease tl9e rhp@pemission. In multi-carrier 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 jillustrates an example of the orthogonal pilot

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




of the pilot synbol patterns which can be nmultiplexed, and 25 increase the
nunber of radi o channels which can be set up between the transmtter and
the receiver, when the nunber of the pilot synbol dura}ljQns. i

sub-carrier is limted. FIG 5 illustrates an exanple g%d I?ﬁ%emg?rﬁ%@lognal
pilot synbol patterns having a |length of38 synbol durations (4 synbol 23
Decenber 2005 13 durations x 2 sub-carriers) allocated by the pilot synbol
allocating unit 17 according to the first enbodinent. FIG 5 illustrates 8
types of orthaqgonal pil ot synbol atter #1 tq #8. The .pilot_ s ol

al | ocating uni rﬁl?ﬁ%c’éo% “ﬁgcﬁﬁrf‘f’l‘és)fi c@ﬁﬁ%d?’ﬁetfﬂe @éﬁoﬁuFW%ﬁx 8
types of —orthoggnal; pi ol SHAPAL PAILRS NS %het 91 #8t Viffod8mBhkOt Symbol
durations in ?ﬁegsu J-Lc%}ar\ﬁlers #l8 St:o #ir%{. (Thg sécond er?bogi ment of the
present invention) Hi; Ref annizegrited|8GEypesandl Jrthdywnadcphtloendyortiolent of
the present invention will be described. The configuration of the
transmtter f@rtEETRF-thrtd 48 -t rHismidsitofyarebrafilvgatdongnerisedond

enbodi nent _i s _the_sane as ,the_configuraf. of I It o)

mul ti-carrfer aFFSﬁéﬁ’?%s’foorFthaecg%Fal{ n%"l{fog&]t"%gt fgﬁgﬁ?lsttlpgl%%glgi rrtrgéu%g 1 the
second enmbodi gRRhogbhEl §id6b8 Kl pYEPSIns GUI abiPnsveaves fg1atl epgidL of 4
synbol durations in each sub-carrier #1 to #8, the orthogonal pilot synbol
patterns to WKeratiowatisd tiweesthecasamerms fitth&ooffihbgonal pil ot synbol 20
patterns in the first enbodi ment. The pilot synbol allocating unit 17
according to the second enbodi mrent can change the length of a pilot synbol

pattern based 9fet NeciMShoRlinbhE O e $HaBEht PAtIAINBNI Ch

10 Referring to FIGS. 6 and 7, the second embodiment of the
present invention will be described. The configuration of the
transmitter for multi-carrier transmission according to the
second embodiment is the same as the configuration of the
transmitter for multi-carrier tramsmission 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 pileot 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




are allocated. 25 To be concrete, the pilot synbol allocating unit 17 can
all ocate the orthogonal pilot synbol patterns #1 to #8 having a |ength of

4 or 8 synbol durations to 1 or 2 sub-carrier(s) #i t L]
predeterm ned order, as shown in FIG 6. As shown in ngbg#erbﬁee} pI 5ot
synbol allocating unit 17 23 Decenber 2008 14 can orthogonalize the pil ot
synbol patterns in 4 synbol durations over 1 sub-carrier #l or #i +l using
the pilot synbol patterns #1 to #4, when the nunber of multiplexed pil ot

channels (pilot s ol patter is.the s as .qor less than 4. .5 On the
other hand, tH&%i g?’o_??ﬁﬁi)’rzealnﬁi%?cgtlﬂﬂﬁ ﬁ%’]‘%ﬁg]l?atgﬁﬁnﬁr%?logos_r}’ér\blozle_the
pil ot symbol RAILLRNLBS S S IYRRQ cardUEt i PRS PVET udiAdDHAD | §F Sytiboand
#i +l by adding the pilot synbol patterns #5 to #8 to the pil ot synbol
patterns #1 t@atternehientd g, irdrethefhunbét oflexad ppeked pdhahmdlagngps| ot

synbol 10 patterns) is the sane as or less than 8. FIG 7 illustrates the
Ot hogonal Var(iPdgiod SpmRadi PRf terddt ol s (BRSO @s 08s 1S Herd™al® -exanpl e of
t he orthoggnal pilo a ns,, .T SE._code rihed,kn
" Koi chi O(gwa and éﬂm%%%tyhﬁga%ﬁfa' &*iehgg(%% g?%?%a%&%?%ﬁ%iidﬁg% 17

orthogonal 15 gaal birtspgeREl 1 fraet @h160depnidr paakerast idS Ebotobil e
rati o, | El CE Transacti ons on Conmuni cations, vol. E81-B, no. 4, pp.
777-784, Apri ldurggdonsToreeni2| sub syayglers| Fbcmnd #dg+Uvy ailvliaeC%PthFo t he

d enbodi t h | i | ti pl exed pj] ot h I's t
cach ot hor usiHgRaire SRR e S S bRE alder Rriee Bt Tnsoda ChiRor -
symbol patter Rhehothe AbhRCAtRdmuRspdepls JiNQ thicehahehy @fiildie sEMbb1codes

as shown in FIG 7, and based
10 patterns) is the same as or less than 8.

FIG. 7 illustrates the Orthogonal Variable Spreading
Factor {OVSF) codes as a general example of the orthogonal pilot
symbol patterns. The OVSF codes are described in "Koichi Okawa
and Fumiyuki Adachi, Orthogonal forward link using orthogonal
i5 multi-spreading factor codes for coherent DS-CDMAmobile ratio,
IEICE Transactions on Communications, vol. E81-B, no. 4, pp.
777-784, April 1998",
The pilot 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.



on the nunber of the nultiplexed pilot channels. As the nunber of

mul tipl exed pilot channels is larger, the pilot synbol 25 allocating unit

17 can orthogonalize the nmultiplexed pilot channels to ch ot he i ng
% Wy

nmore sub-carriers. The pilot synbol allocating unit 17 eFPE he

nunber of multiplexed pilot channels to mare than 8, based on the

hi erarchy of the OVSF codes. 23 Decenber 2005 15 (The third enbodi nent of
the present invention) Referring to FIG 8, the third enbodi ment of the
present invention will be described. The configuration of the 5
transmtter for multi-carrier transm ssion according to the third

nbodi t i ] fi [ [t itt f
embodi ment i s (e %ﬂﬁ?df’iémﬁ&ﬁm%%g b@“Eﬁé'tq‘;’:febs%ﬁt Eﬁve%gﬂ;ﬂ“ er ror

mul ti-carrier transm ssion according to rst e ment. As shown in
FIG 8, the pilot sygbeiriald e6aticngsynide 4fird @mebdaihent 0aNGINE presehor

mul ti-carrier transm ssion according to the third enbodi nent allocates the
pi |l ot synbol pgaveathon#iitl bep@eshohbedn Fhe confignrahiogi ¢énthertion in

th il ot | d ti i t | It b-, i h
Sub- ar ri epy EppnsgihBer 765 miale eS8t Hhnedenasiion Afe B SO0kRe 17 1

configured toalilacahBod et liQt tRXDohe RA! kRLNSoHE §@r#Bicth@Wntnkn FIG 5,
to the pilot synbol durations in predeterm ned nunbers (for exanple, two)

of consecuti versubmtater efoxr mil¢ipchotisyntbeinspass bomsaddonddng8tehtiod ar e
allocated 20 to the sane portions #A and #B are orthogonal to each other.
The portion #ALC8hsPEPAWthe pilot synbol durations #1 to #4 in the

sub-carrier #1 and fheRihol, SWEROk , O ALY 9B &mbol allocating unit 17

10 of the transmitter for multi-carrier transmission according to
the third embodiment allocates the pilot symbol patterns #1 to
#8 shown in FIG. 5, to any given portion in the pilot symbol
durations in at least two sub-carriers among the sub-carriers
#1 to #6.

15 In FIG.8, the pilot symbol allocating unit 17 is
configured to allocate the pilot symbol patterns #1 to #8 shown
in FIG. 5, to the pilot symbol durations in predetermined
numbers (for example, two) of consecutive sub-carriers.

The pilot symbol patterns #1 to #8 which are allocated

20 to the same portions #3 and #B are orthogonal to each other.

The portion #A consists of the pilot symbol durations #1
to #4 in the sub-carrier #1 and the pilot symbel 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 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



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 pilot synmbol durations #1 to #42{333the bsu%[oﬁgrri er
#3 which is consecutive to the sub-carrier #2. That is o8],

portions #A and #B consist of 4 synbol 23idecenber 2005 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 pilot synmbol pattern #1
"+1, +1, +1, +1, +1, +1 +1, +1" which is allocated to the 5 ortlon #A (or
#B) and the pl‘li‘é)’fa"s‘ﬁﬂfolmpéf’?eiihr%?tl@m of fhe, gime 1bas1f-‘fla“d1 +Ymbok ki ch

Is allocated t ti0 r r Q each other.
According to t u{‘.{ﬁ enbgg n?éc#]?;n ot glslgl %)‘F% to ortﬁogonal i ze any two

sub-carriers, so as aAOs@bwiOWnHTESE |, MRS @:Elamp'lJQ:,thé e 16baiges10fattan
propagation paths in each sub-carrier. (The fourth enbodi ment of the
present invent#bn)+Refdrrihg tb FIGS+19+thndr1IOwhipe fo@ltlecapddterdite of

the present inventio i1 | de ib The canfi uratl f t 15
t r ansmi ttep”:’ f OO %V\fr ' 3B?ﬁ"§i§{‘ﬁ Lok %’E’bbé’(r)ld l#ge +?lorur?h
enbodi ment is Ife +3ane; 33 | t her GRREH N %tltLBEaE’éd thetnd n%z%[&;%%ﬁt#@! XI;QV#B)
multi-carrier transm ssion according to the first enbodi nent. shown in
FIG 9, the pidmd aytvogbnalll boatacty atmietr.17 20 of the transmtter for
multi-carrier transm ssion accordi ngﬁ§ﬁ ﬂ/nt he fourth enbodi nent aI | ocat es

(o}

the pilot synbol pafFEPREIRg tq dhey empodimenty itolgRPRFIRNT BOrti on

(for exanple, g:#LDQhogonalize any two sub-carriers, so as to allowan estimation

10 of the changes 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.



in the pilot synbol durations in at |east two sub-carriers anong the
sub-carriers #1 to #6. 25 In FIG 9, the pilot synbol aIIocating unit 17 is
configured to allocate the pilot synbol patterns #1 to ph BQFZ tion
#C and #D in the pilot synbol durations. The pilot synbo pa?'{'er ns #1 to #4
which are allocated to the sane portionl#C and #D are orthogonal to each
ot her. 23 Decenber 2005 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

consiste of & symbop, dyat8asd BokDfs el L8 {ALB9b: il BulAS e 2R 1

synbol duration in Irection o e Sub-cafriers The portion #D

consists of the pul of eyehelb-dubatépns #1lThd® #2 tonshhe Shb-pwatiber##l and
the pilot symbol durations #1 to #2 in the sub-carrier #2 which is
consecutive t@onkéstsulf- ¢aymbel duratThas ipstheodsagctidrecpdihe binePrgdnsi st s

of 2 synbol durations |nnc{he dlrectlon of the time_bgse and 2 sy nbol 10
durations in 2R8 4 FERRYbAGRHRE LBbtRE&THTES loﬁ\sogh 9P -EPES 5rsfor

exanpl e, the pil ot t tet b 4};le 1ot whmpdii &hcd 1S odls I{pp_at ed
to the pOI‘tBI on #C (gﬁr{m%%tggﬁﬁ Egn%% ot sytnbo pgt tsérrmn #2 "+1, -1, +1, -1,

+1, -1 +1, o #hiioh the abbocatedst $1 tdrel phetpmbﬁ#@y@bol#ﬂa)raa:nener#hogonal
15to each ot her In the fourth enbodi nent, the pilot synbol al I ocati ng
unit 17 can altPodat&ntHee rﬁqtb‘tcaﬂ"hfﬁbl#%)é‘thcléﬁhnés#fo’c‘%e%t“?otéfs heg

orthogonal | Ze 30vcLuo B LA syabely PRLLELNS s Do e, do symbalcalyeay i ons

in the direction of the tlne ase onal 1 z& any two pi
synbol patter Rgmysi a8 odsSHRAE diHeCRLLARE tRe tfitedbdackhnan sfmbde tinme

base and using the 2 synbol
10 durations in the direction of the sub-carriers.
As shown in FIG. 9, for example, the pilot symbol pattern
#1 "+1, +1, +1, +1" which is allocated to the portion #C (or
#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,
énd 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



durations in the direction of the sub-carriers, as shown in FIG 9.
According to the fourth enbodinent, it is possible to 25 orthogonalize any

two pilot synmbol patterns using the 4 synbol durations i h |.I Lon of
the tinme base in radio frames, and orthogonalize any t\%gﬂp?ﬁ%gfuesf?ﬁ %I

patterns using the 2 synbol durations inighe direction of the tine base
and in the 2 synbol durations in the direction of the sub-carriers, when
23 Decenber 2005 18 the radio frames include two slots and two pil ot
channels are nmultiplexed in each slot, as shown in FIG 10. Therefore, the

orthogonal pi | b€ SAME Tharee RS RAR cirafd ot hendhfBo RISt FRAREI$,45%4 can
b d i h | f . Fl 1 h | f t |
e used int emt?f@@e@te% :lullzcﬁcé 9101.5 %,I tﬁhctev}r{ ?.Ptfﬁfﬁgﬁgbm%eggf%ﬂ? Rigsent

. . C P .

i nvention) Referring to F : fl to 1 odi nent "of the

present inventéorhoddialbpides aymbed. pdtterntlwhildnist s aheSshmie asseharBki C
configuration of a transmtter for nmulti-carrier 10 transm ssion according
to the fifth efbdi4des@n bFhesed akisriiet @xampie nef tFIGeakPi er transm ssion
transmts the radio frames having a plurality of synbol durations, using a
plurality “of sub-carriers. As shown in FIG 11, the transmtter for

nul ti-carrier ﬁﬁ% tHaNSMeRsb@m&RE 288 Ardadd %%Qlti_éﬁfa_ti ng unit 11, a
serial/parallel converting unit 12, spreading code nmultiplying wunits 131
to 13,,, sub-carri eRefeeguendy RUGEi pllyfedunths £i4th enmboliimentaosdbeat i on

unit 15, copyi nrg units 161 to 16,,, a _ propagation path condition
moni tori ng uniRECEPMINdPRERGHAY B kP d86CHAPEd 19FIG. 11 illustrates the

schematic configuration of a transmitter for multi-carrier

10 transmission according to the fifth embodiment. The
transmitter for multi-carrier transmission transmits the radio
frames having a plurality of symbol durations, using aplurality
of sub-carriers.

As shown in FIG. 11, the transmitter for multi-carrier

15 transmission comprises a data symbol creating unit 11, a
serial/parallel convertingunit 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



Mai nly, the configuration of the transmtter for nulti-carrier

transm ssion according to the fifth enbodiment which is different fromthe
transmitter according to the first to fourth enbodinents will be
described. 25 The spreading code multiplying units 131 t%o B&3embera4Qs
synbol s (data synbols) to be transmtted over the synbol durations in a
plurality of sub-carriers, using sub-carrier spreading factor assigned in
the direction of the sub-carriers and tine-base spreading factor assigned
in the directiqg.of the 23 December 2005 19 tine base. As shown in FIG 12,
t he spreading code RUTYi plying units 131 to 13" spread data synbols using
t he sub-carrier spregdkhRgyn fi Ftime= t he tine-base spreadi ng
factor (SFFreq=4) . 5 The sS?gﬁaﬁ'né§bg(}i\gesﬁeta%gﬁ§icr?g edﬂ‘ir’]f PR RIS can
mul ti pl ex a pl 4Paltiot y3.0bpreandelta simivid sauPlag alhlet ¥uf csrieadi Jgead:_,-]q)q_’es
each of which pas, a czifferent synbol pattern when the radio channels are
configured by SPFEuilRGertid )59%%6'1}’@ Eime diasensporraling fadOodeFpLeEagat i on
pat h condi tg on noni tQr.i Lt 18 nonitors, the condition of the
propagati on pat h, tﬁgfa ?gr%%&%n ,coqehguig’rﬂlrlf’i%uﬁf‘-tﬁhé%atd’i & 3cieamel

bet ween t he t rranstnipiltedra pOhira Ml b €BAKS i SSi QA t he regeiver
for multi-carrier trans%i ssi on.ﬁ 15 T%ehfgsn%%gﬁ?ig‘r%%gﬁﬁfggg’fi gs})rceé—’lnf-Linaured
to change the S5 23¢% PEwhd phdadi mdif Betart SpmEOpantdar whée thi Muhase

spreadi ng factgl, ki based on the condition of the propagation path,
that is to say, atnﬁléalgg% Pt TEH "SR PY at o2 difign Abe BBNbekEh the transnitter

and the recei wWso.-dimensionally.

10 The propagation path condition monitoring unit 18
monitors the condition of the propagation path, that is to say,
the condition of the radio channel between the transmitter for
multi-carrier transmission and the receiver 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 SFiig., 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 SFrreq and/or the time-base spreading factor
SF¢ime, 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 SFpreq 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




20 The controlling unit 19 can change the sub-carrier spreading factor
SFpreQ and/or the tinme-base spreading factor SFtinme. when the radio

channel is set up between the transmtter and the recei . Ini
controlling unit 19 can change the sub-carrier 25 spr eag}"ﬁ%ecﬁac%é’rzog%ﬁ eq

and/ or the tine-base spreading factor SFbne. follow ng a change in the
condition of the propagation path. Wen the synbol patterns of the
spreadi ng codes which are used by the spreading code nultiplying units 131

to 13" are 23 nber 05 20 orthogqnal to each.other, the orthogonality
of the nultipl elggggog?ré%lggoc%aac%hgfgéefs%Elgp?rJﬁ%r?gPﬁé‘liLFﬁr?ﬁnW? W}tFB%\g’ffe‘?, t he
spread synbol $2356 dnahhdenGaokbY: t e Hehangesdii trhas e, QIR Lddigles
in the propagation paths, so thgl%( flhe orthogor%ality of ther5 nmu t#p‘%exed
radi o channel ssygubbbhpses infitnented bycthearionget hrephésels anGhanaspsioeddy s and

the receiving qualjty is de%r.aded in the receiver. The phase and/or the
anpl i tude of thB EYPRAYPIIFERR PAFRectSOAtat the erthogsasd sy eot hidged

according tg the; ) r.fr cy in.the propagation path. The
phase and/ or tﬁeggéip tu égégoé}%en%seﬁﬁbgﬁggf%bngeﬁielal't‘l?léc ]fé(;nn of "PhE the
sub-carriers aredthangadedsctirddand thBerdtia¥ nghnead tynis e graaaaagat i on
path. Therefore, it is efficient for the controlling unit 19 15 to set up

the sub-carri th%pr%%ﬁiiiVi‘PgT-f actor SFFreq and/or the tine-base spreading
o omm 1o v Bk PR oAt G BT o R o e
del ay spread, &frection of the time base are changed according to the maximum
10 Doppler frequency in the propagation path. The phase and/or
the amplitude of the symbols in the direction of the
sub-carriers are changed according to the delay spread 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 SFii,. 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 by 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 SFi;,. which satisfies the condition "SFiine
< 1/fp ", so as to keep the orthogonality between the radio

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

Moreover, it is efficient for the controlling unit 19 to

set up the maximum SFp.., which satisfies the condition " SFrreq




as to reduce the collapse of the orthogonality, which is caused 20 by the
change in the condition of the propagation path, between the nultipl exed
radi o channels. For exanple, it is efficient for the co gl | i Egrn%iﬂist 19
to set up the maxi mum SFtinme which satisfies the condit “LPPT < 1/fD
", so as to keep the orthogonality between the radio 25 channels

mul tiplexed wiwth SFtine. against the change in phase and/or anplitude of
synbols in the direction of the tine base according to the naxi num Doppl er

frequency fD. Moreover, it is efficient for the controlling unit 19 to set
up the maxi murh SEFr eq $thidth tatrepi BRe tHEHOGRAPLIER Paprsed ths Fedttber

2005, 21 < LI Conah9ca8 b1 kERR-IdieAEhNoRONAI his DAL UERNchBRoL ] gnaghannel s

mul ti pl exed with SFpzeq, agdai nst the change Inh or anplitude of

synbol s i n t hexndi/oecinpdn takletdfes wiplcalh kke Sliracc 06aliofigtHeositheadeliaysspr ead
T. 5 The SFtinme and SFFreQ are defined as the maxi num spread ratio
sati sfyi ng the&caesdéngohdi theonelaMowevead the SFtinme and SFFZeq are not
limted to.the spre ratio may _b t up by other nethods for
Feduci ng CRe | ntor f S asEeer PO Brerr et nel A ine AR TP A PESET sarieo
According to Lg_mifsmgmgafﬂmgbae@toona_titwnyps%abeew tHe 8A3N hndal synbol s
with high quality, by reducing the influence of the interference caused by
t he col | apse @frethet ldmiledormalitheysistaferat iadaodonibel S5t whilh oitber
i nfluenced by tge change i.n the condition of the propagation paths in the
15 symbol s | nTERESAR etk FEAIGHRS S ARESDHRAETS® EREMSURTTaFFILs SR TRPG. 13
and 14 are flQuwghaihs showigng the operations of the transmtter for
mul ti-carrier transm ssion according to the

10 According to the fifth embodiment, it is possible to

transmit data symbols with high quality, by reducing the
influence of the interference caused by the collapse of the
orthogonality between radio channels, which is influenced by
the change in the condition of the propagation paths in the
15 symbols in the direction of the time base or the sub-carriers.
FIG. 13 and 14 are flowcharts showing the coperations of
the transmitter for multi-carrier transmission according to the
fifth embodiment.
FIG. 13 shows the flowchart in the case where the
20 controlling unit 19 changes the sub-carrier spreading factor
SFrreq @and/or the time-base spreading factor SFiig., when the
radio channels are set up between the transmitter and the
receiver.
FIG. 14 shows the flowchart in the case where the
25 controlling unit 19 changes the sub-carrier spreading factor
SFrreq and/or the time-base spreading factoxr SFiime, following
the change in the condition of the propagation path.
First, referring to FIG. 13, the operation of the

transmitter for multi-carrier transmission will be described.



fifth enbodinment. FIG 13 shows the flowhart in the case where the 20
controlling unit 19 changes the sub-carrier spreading factor SFFZeq and/or
the time-base spreading factor SFtinme, when the radi ov\g:pﬁnnelﬁ 6%@ et up
between the transnitter and the receiver. FIG 14 sho RESTP8 in
the case where the 25 controlling unit 1%ixhanges the sub-carrier spreadl ng
factor SFFzeq and/or the tinme-base spreading factor SFtinme, following the
change in the condition of the propagation path. First, referring to FIG
13, the operation of the transmtter for rrultl-carrler transm ssion wll

be described. 23 Del&nBRPYBOYS F15 -ad3sndiwsiep R081. 19at3 PR3 5166102 dat a
synbol s to be ttfansmtbhed, Ttﬂetr'%%el%?'f\é%rmﬁﬂl @é&&%gﬁ?ﬂab%ﬂs&fﬂf %;é,gsgon

are generated. In step 1002, the controll unit term nes

ti me- base spregdiengitiedct or SFtinme and the sub carrier spreading factor
SFFreq, based on the condition of the propagation path between the
transmitter and theIPeEE‘FR/eWD?oeftBPeCW’aWsHJ{nQ Mgitt he dRiteamdprbote | n

step 1003, zth readin ni to 13" spread the
dat a syrrbol s Sts?r%g % %’ %‘f}nge spr a’?%EPSrS‘@ftclaﬁEl‘éﬁ(fptrﬁédmg
sub-carri er smaadﬂrngﬁ,@qct %%sgﬁFéle%hea%@nd§h§o§L3}‘ ‘%ﬁ&rg@&pég&ql&n ¥th
multiplying units 141 to 14n and the summation unit 15 transmt the spread
data synbol s thetmieen tleedérassnitresiegd WiH4ectheet r desoiresimamsofi tthegdat a
synbols 15 |§:hcogpltet ed. bI n an envi ronment where the condition of the
pr opagat i on a symbol

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 SFpreq, 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 c¢an follow the change of
the propagation path by setting up the time-base spreading

20 factor SFiis. 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 SFiiy,. and the sub-carrier spreading



path between the transmtter and the receiver is not changed frequently,
the controlling unit 19 can follow the change of the propagation path by
setting up the tinme-base spreading 20 factor SFtinme and SEUbléCraié{OEer
spreadi ng factor SFFreQ each tine the data synbols are Tr P ea.
Therefore, the operation shown in FIG 13%3is suitable to the above

envi ronnent. Second, referring to FIG 14, the operation of the
transmitter for multi-carrier transmssion will be described. 25 As shown

in FIG 14, infSt%B 1101, data synbols to be transmtted to the receiver
for multi-carri-8F PFanshtssPonedre? Weneraittion pisthp nueprIatien path
control ling unigbtdQed ' L e ha di | and
t he sub-carrier éprgag%r%%gﬁ%meég%bre%h%ok% ggc‘?g‘é‘%ﬁ'r b%ﬁﬁ%%%géggg#%%t he
condition of thaepdapagagnylspath between the transmitter and the

receiver, before transmtti ng the data synbols. In step 1103, the
spreadi ng code mul tiP it§§ dAPEs U3 sr3epgding cady awd tindytHed andysbdbs

' the tjme; ' t Ff and th b- ' di
Factor Serrbq, tamiee SRECRUbt R tier SPTBOLRIEY Wl PPof I Ng af e 99t 14,

and the sunMMBthefodBH, Loahd aedlidurt-BErsPE L, A ngY FROL S ts¥.1.0€ ang
receiver. 10 In step 1104, the controlling unit 19 changes the tI ne-base

spreadi ng fact bhe Sfubi-pargndrtfreaencyanul eiplyingadnitgs 1#adiool 4,SERd etthe
followi ng the change in the condition of the propagation path between the
transmitter anB TRE-F¥t&Wer ISTREA ST t5r RTRAY e SHTIPPLHI §F ngteuni t s
131 to 13" 15.spsead. the data synbols using the updated time-base
spr eadi ng
10 In step 1104, the controlling unit 19 changes the
time-base spreading factor SFiin. and the sub-carrier spreading
factor SFyr.q, following the change in the condition of the
bropagation 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 SFiine and the updated sub-carrier spreading factor SFrr.q,
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 SFiyn. 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



factor SFtinme and the updated sub-carrier spreading factor SFFreq, and the
sub-carrier frequency multiplying units 141 to 14" and the summati on unit
15 transmt the spread data synbols to the receiver. ? %t ep 02 0 he
transmission of the data synmbols 20 is conpleted. AccofaPRger®ef A2%%et hod
shown in FIG 14, it is possible to set a4 the proper SFtinme and SFFreq
followng the change in the condition of the propagation path, in an
environnment where the condition of the propagation path between the
transmtter 25 and  the recel ver is changed frequent | such as an

envi ronment  WHEFEHHRE TEE8; vJe]r""TWeEO FREE198pR Xf’r%ﬁiﬁﬁfefe tHEP§EEa
synbols with ¢ ghpquality V8. £oPogh nt t he nunber of the
sub-carriers and the synbgf %lér %’?’lmgtr%g g?g Wr | ts{rgn concretely, but the
present 23 Decenber TROQH e24nitmtamiit@an ichnniod abp i é@d ot theCOGH f iGiiiralti ons
using these nunbers of sub-carriers and synbol durations. The present

i nvention can YengpPl Pédot osYHRO e GHERELPRS | Th 1 FibngarT beT Dtwhsyphas
durations ign rri.ers whi et erm ned .based on the | ength of
the pil ot syrrbrhosclégmfclsggnbsasted oﬁgt}héal ?%%%&é&% P’lﬁ 8&%3%&@?'}3 ﬁo‘ﬁaB efPts
interference wWe i didedi 1 0konsI@MR! 150 & antbkﬁef@w&létpom& %@QME‘

enbodi nent. Here, "nf and "n" are positive integers, the sane as, nor e
than 1. The trcélﬁgnﬁﬁﬁexnfmﬂlhﬂlmanm Lo etha phoye sshahimeator deg, 1@"to t he
present inventiaqn,can determine "n and "n" in such a nmanner that the "ni

and "n" are sdd reB o?rﬁ%‘f‘l%‘rtlﬁ&vxé%e%‘?r? then §aMRe@ful 2F f19%6d thetult of
"n" by "n _has the +@@g&9n9&l£{@r £ Q1 ¢ 5YODAl; HAL LG b SWAGH afcg%rf%g codes

are used. The transmtter for nulti-carrier transm ssion accor 1 ng

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 teo the radio frames.

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

propagation path between the transmitter for multi-carrier



15 to the present invention does not need to be configured with "ni and
"n" which are squares or higher powers of 2, when other codes are used.
(The functions and effects of the present invention) 20 or di,n t he
present invention, it is possible to provide a transniééiﬁéq%wbé}ib85
multi-carrier transmssion and a nulti-casrier transmtting method which
allow the allocation of pilot synbol patterns in consideration of
interference with other pilot channels to the radio frames. 25 According
to the present invention(j it.ig possiple to provide a transmtter for

nul ti-carrier FF%%%%%%%?dhaﬁﬂdiﬁ’rﬁﬁ?iY@%ﬁPFF%Pin&ﬁ§ﬁ%?¥Fﬁ&nﬁﬁﬁﬁﬁﬁP%Mich
allow the control of the spread nethod in consideration of the condition
of the propagation path between the transmtter for multi-carrier 23
Decenmber 2005 25 t ratisitissabnadwndhtidiesr @adi medif Dia ekl weRl ri&ddily
transm ssion. Additional advantages and nodifications will readily occur
to those skill®8°Fh khdhase. shhkket drethehrrt nvBherefors jthei Lavéniader

aspects is not. it he specific detail d e representative
embodi ment g;lho%/\fllw lamr?d%ggég?% baesd)er%grse?‘sn.no A &’8?%‘%&%%‘{29&3&%&51%@?W%i ons
may be made Waddithe HepaddditdthiveneditaSRint $héin 268G LrihlQ Soneral
i nventive concept as defined by the appended clains and their equival ents.
10 23 DecenberAuuBtix@glyhavarsoes aigrdd iicgtidns Andy dres matieewitiosut
nmul ti-carrier éranﬁgission onfigwrﬁd to transmt a plurality of

g rit

: epar f .
sub-carriers ha\ﬁ i J_&g rom the s or scope of the general inventive

concept as defined by the appended claims and their equivalents.

10




| east one pil ot synbol duration conprising; a pilot synbol allocater
configured to allocate each of a plurality of pilot symbol patterns which

are orthogonal to each other, throughout the at | east ﬁ%e@%ﬂn%rf@dﬁml
durations in at |least two sub-carriers. 2. The transmTtier t1or

mul ti-carrier transm ssion 10 according o0 claimi, wherein the pi | ot
synbol all ooater changes the length of a pilot synbol pattern based on the
nunber of the pilot synbol patterns which are allocated. 3. The
transmtter for mul tHhadadsi etaimethsdm:ssi on according to claim1, wherein
the pilot synbol pattern js, 16 configured with an Othogonal Variable

Spr eadi ng Fact or (O\}SF) od&2RAMLHRT | Fams nive} ok - deorr dewl ¢ trSednitision

transm ssion acepigli@ e €rfidRik [.n.the_pilot synbol allooater
al | ocates each_of the pilot 20 s&ng\é?ﬁ%%:’tletlyngft‘?ﬁ’b’@%&tﬁran‘}ﬂ‘gﬁf\ﬂent
portion in thel@®st cunst pidne pythindl syrael ofl WEeHHARI ngh at | east two

sub-carrierg; and the Ei[tlx?t synmbol patterns which aré allocated to the sane
portion are orthogonaP t3" f4ER%t WerocaderTrentiguredi t¢ erl oeatBLdddy garri er

transm ssi on Z2%BAGEAAGLNGst ' wherein the pilot synbol allocater
al l ocates each of the plb!'l ot %ylgbtgk%p%ﬁ é’ra%sFeFHFo Arenet Erogqradstoone
pi | ot symbol dtf<t PERST throudboet rtheeslt NeEBErcheOh11SORSREH] | tion
sub-carriers. £ transntier for multi-carrier transnission 3 "D8C&nber
2005 27 configured to transhi YO8 BEEEaFPty of sub-carriers having a

plurality of symbol 2dur hONEr&NE RN %or multi-carrier transmission

10 according to claim1 . Wherein the pilot symbol allocater changes

the length of a pilot symbol pattern based on the number of the
pilot symbol patterns which are allocated.

3, The transmitter for multi-carrier transmission

according to claim 1, wharein the pilot symbol pattern is

16  configured with an Orthogonal Variable Spreading Factor {OVEF)

coda.

4. The transmittar for multi-carrier transmission
according to claim 1, wherein

the pilot symbol allocater allocates each of the pilot
20  symbol patterns throughout any given porticn in the at least
one pilot symbol durations in at least two Sub~carriers; and
the pllot symbol patterns which are allocated to the same

portion are orthogonal to each other.
5. The transmitter for multi-carrier tranemission

25 according to claim l, wherein the pilot symbol allocater
&llocvates each of the pllat symbol patterns throughout the at

least one pilot symbol durations in predetermined numbers of

consecutive sub-carriers.

6.
A transmitter for multi-carrier tranemission




spreaders configured to spread and transmt synbols over the synbol
durations in a plurality of sub-carriers, using 5 sub-carrier spreading
factor assigned in the direction of the sub-carriers and_tinme-has
spreading factor assigned in the direction of the ti ne%geeﬁenﬂ?ﬁ%gos
controll er configured to change the sub-céfrier spreading factor or the
ti me- base spreading factor, based on 10 the condition of a propagation
path between the transmtter and a receiver for nulti-carrier

transm ssi on. @Gonfhguté@nsdn ddae; r | -.garrier transm ssion according
to claim6, wherein the cont rﬂgﬁlsgégcﬁg%}eéaltshg °§uf)‘-’%h‘f”t‘qré1ar§phé‘émg19ﬁ
factor or the PlHEabhER shreyadiongdhast tsnd zospes@ngadi 0 channel is set up
bet ween t he transnité@_[ea@d the receiver. 8. The transmtter for

nul ti-carrier transmssion accdFdifgefot ¢ Paree andiasismit heymbonisrolder
changes the sthecagnber &pF a0 if, ac he tinB-base spreading
factor, 20 follow ﬁg a chan%ggyin% tl%egc%)%gftglijoérly o?é t%&"ﬁ%ﬁé@ﬁ?i ol h. 9.
A multi-carPi ePUPrapshies ispgemdihodakanr a8H fgne@al f it@k a{mo%siquﬂeor
transmtting asgbggﬂi_t%mof n sg?-cagri ers having at | east one pilot synbol
duration conprising: - 25 ali"8c AL PRGP IR F R 38 1BE uf ettty aghiphédt L1 yureol
patterns whi chdizeetbsn hegahal +iRe 08edh OtpQr, throughout the at |east one
pil ot synbol durations in at |east two sub-carriers. 10. The multi-carrier
transmitting nethod tcE6PEFRYe® cenfimm®hd wher eivangle raNgLlLOfad ) Ot

synbol - pat t ef NspSeSRENPHAA3, D5E IS4 2005, 28

me~base spreading factor, based on

10

the cgndition of a propagation path between the transmitter and

& receiver for multi-carriar transmisgion.

7. The transmitter for multi-carrier transmiseion
according to claim 6, wherein the controller changes the

sub-gcarrier spreadj.ng factor or the time-bage spreading factor
when a radio channel is set up betwesn the transmitter and the
recalver,

8. The transmitter for multi-carrier transmission
according to claim 6, wherein the controller changes the
sub-garrier spreading factor or the time-bage spreading £sc¢tor,
following a change in the conditlon of the propagation path,

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

allocating each of a plurality of pilot symbol patterns
which are orthogonal to each‘other, throughout the st least one

bPilot symbol durations in at least two sub-carriers

10. The multi-carrier transmitting methed according to

claim 9, wherein the length of a Pilot symbol pattern is changed




based on the nunber of the pilot synbol patterns which are allocated. 11,
The nmulti-carrier transmtting nmethod according to claim9. wherein the

pil ot synbol pattern is configured with 6 an Othogon | eadi ng
Factor (OVSF) code. 12. The nulti-carrier transmtti ngaﬁrr%pﬁé%ﬁgléﬁ%% ng to

claim6. wherein each of the pilot synbok8patterns is allocated throughout
any given portion in the at |east one pilot synbol durations in at |east
two sub-carriers; and 10 the pilot synbol patterns which are all ocated

t hroughout th&se@3M3nPehbi AAMELE SF thogonal .to each other. 13. The
nulti-carrier transmtting rre?%od&%c%oergg)llgﬁtt SY™RPL; pAEtenpge o aheatt of

the pilot synt¥dilogatedins is allocated throughout the at |east one pil ot
synbol durations i n, 15 predeterm ned nunbers of consecutive sub-carriers.
14. A nulti-carriertrarfdsi 883 Hy ofrned fransmttansgindtneg fofiriidlg 1y Of

sub-carriers hawipgga | i o nbo urations conprising: spreading
and transmitting sy?v‘bo‘?léé&{)ea'gr Egﬁegjﬁlyo%gwkﬁg RANAL0AS Forfigunedakitly of

sub-carri epfs, ansiOmghsgbraRVardlablePEsaghdWt J 30LQL L 28ShGNed. i.n the direction
of the sub-carriers._and tinme-base spreadi ngfg fagtggr?g\é%n)gr?é’gei'n t he

direction of the tifre GRS cemaAgr myarsaisubagatathen sfadinggyd act or

or the 25 tiRaBase, sRLEafL sed on the condition of a
propagat i on patﬁl bet ween t he@tgfgflos%tmg{‘? éjaiagcf@‘br"éc%?%mﬁo%’i ajhpehtedrri er

transni ssi on. Hgougheutnany gtuen i ttioansmitks Ag m&ogné%ﬁﬁ%gi Q%B%‘%L canm

14, wherein t -carrier readi ng factor or the 23 Dece r
I&%rﬁ@?ogs :[n at peast twg sub-carriers; and

10 the pilot symbol patterns which are allocated throughout

the same portion are orthogonal to‘each other,

13. The multi-carrier transmitting method according to
claim 6, wherein each of the Pllot symbol patterns is allocated
throughout the at 1least one pillot symbol durations in

15 predetermined numbers 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 symbole over the Eymbol

20  durations in a plurality of sub-carriers, uging sub-carrier

spreading factor asaigned 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 gpreading factor or the
25 time-base spreading factor, baged on the condition of a

bPropagation path hetween the trangmitter and a receiver for
multi-carrier transmission.

15, The multi-carrier transmitting method according to

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




29 tine-base spreading factor is changed when a radi o channel is set up
between the transmtter and the receiver. 16. A multi-carrier transmtting

nmet hod according to claim 14, wherein the sub-carrier readi or or
the 6 tinme-base spreading factor is chagged foll ow ng gggﬁ§%ﬁ1e%%f%a§%e

condition of the propagation path.

tima-base spreading factor is changed when a radio channel is
set up between the transmitter and the recelver,

16. A multi-carrier transmitting methoed acgording to
claim 14, wherein the sub-carrier spreading factor or the

time-base spreading factor is changed following a change in the
condition of the bropagation path.



