DESCRIPTION TRANSMISSION APPARATUS, TRANSMISSION
METHOD, RECEPTION APPARATUS, AND RECEPTION METHOD 5
TECHNICAL FIELD The present invention relates generally to a mobile
communications field of technology, and specifically to a transmission
apparatus, a transmission method, a reception 10 apparatus, and a reception
method for use in an Orthogonal Frequency Division Multiplexing (OFDM)
method mobile communications systert. BRACKGROUND ART 15 A future
mobile communications system that mainly carries out image or data

commuaeaiRn La(es, capablites Tl bexand 08 GRRaR of i cerson
conventional ‘mobile communications system (for example, an
IMT-2000-based systethfT8AAsend.Mighereapacity, HigheiCspeed, broader
2@ band or the like have to be realized. In a broadband mobile

communicati y. frequency selective fading caused by a multi-path
transm%mmm—eﬁ%gn@nﬂe%t tends to be problematic, which makes an OFDM
(Orthogonal FF&Guer&? BiNisibRabiftistexing) Atethod Bee25 tbrsideradmobile
promisingrasr a:ethedofthe next generation epmmitdicatiens system.nto a
the ORDM,method quardiniervals are.adped [a aefive aymiels including. s o,
information to be transmitted so as to produce symbols, Wth_ICh are in turn
ttinsniRBa Ghe By e afpredetBimifed ransmissiontithe’3d fterrdigogonal
(TTIS)r HefeeplyaDL Visscomprse onel kamey [n cadditionetheoguarsbinterval

is generated using part.of, '&pgggﬁation included in the active symbol. The
guard interval may be calléd a cyclic prefix (CP) in some cases. 1 FIG. 1
shows a relationship among the frame, the TTI, and the symbol. Since a
receiveRrsceEResIsiglRls with various

15 A future mobile communications system that mainly

carries out image or data communications requires

capabilities far beyond the capability of the conventional

mobile communications system (for example, an IMT-2000-based

system). To this end, higher capacity, higher speed, broader
20 band or the like have to be realized.

In a broadband mobile communications system, frequency
selective fading caused by a multi-path transmission
environment tends to be problematic, which makes an OFDM
(Orthogonal Frequency Division Multiplexing) method be

25 considered promising as a method of the next generation
communications system. In the OFDM method, guard intervals
are added to active symbols including information to be
transmitted so as to produce symbols, which are in turn
transmitted one by one at predetermined transmission time

30 intervals (TTIs). Here, plural TTIs compose one frame. 1In
addition, the guard interval is generated using part of
information included in the active symbol. The guard

interval may be called a cyclic prefix (CP) in some cases.



transmission delays, inter-symbol interference is caused. However, in the
OFDM method, such inter-symbol interference 5 can be sufficiently
suppressed as long as the transmission delays fall within a time length of the
guard interval. During a time period of one TTI, various channels are
transmitted. The channels may include a common pilot channel, a shared
control channel, and a shared data channel. The 10 common pilot channel is
used ByLplurdl yserstoalernédilate e Bharsd goitrel ciramsel. Specificallyand

the coaymos.pilat1chapnelbis usedder channgl-estimationg synehaneusarious

detection, receptian siana) quiality, measurement, arhe like, The shared . g
contro cﬁannel is Used to dembdulate the Shared 15 data channel incld ng -

paylodtP(tr trafficlinféiitatibRMchanhel . Regardimgccorivemivhdlsigidlerence
fosmatsdnclugling rtheqaitot channelosee; pen-patent gpcinent 1 forexampleon
[Non-patent do nt 1] Keiji Tachikawa, "W-CD mohile .

o T N O TR Crerie o SR oba6e. SURIARY
OF INVENTIONPROBLEM'T @ BE SOLYED B Y THE IRVENTIOR By tHe are
way, the didris used 10 definenatiotissunits 2 nuidosmatian transmuissionnne 1,
For ex I | .determine ransmission, unit.of k dat

it o d e e s el AR le,e
3Chent@TMESE, Bl Gt Of @it corfectiifcBdiny: & FétranskiissiorniGAieop Late

Automattie BegeaarleuesbiAaQ);raeao pagket scheduling unit arcthedikexilot
Under such,, circumstances; the g1l length.and thys fe frame.length  should

be maintained constant. However, the number of symbols included in the TTI
may beJptionahy changed 2 deféAtivy BncdpplicAic Br sfste. Thehe Like.
commoheikiichannsdis alldcatethtoedné Oumetet syrwalsiinl the: THeapd=ared

%QFUOEQQQ”Q%EHH%PaE%EEQBQQE payload (or traffic information
channel). Regarding conventional signal formats including
the pilot channel, see non-patent document 1, for example.

[Non-patent document 1] Keiji Tachikawa, “W-CDMA
mobile communications method”, MARUZEN Co., Ltd., pp.

20 100-101.

SUMMARY OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

By the way, the TTI is used to define various units
25 in information transmission. For example, the TTI
determines a transmission unit of a packet, an update unit
of data-modulating and channel-coding in Modulation and
Coding Scheme (MCS), a unit of error correction coding, a
retransmission unit of Automatic Repeat reQuest (ARQ), a
30 packet scheduling unit, or the like. Under such
circumstances, the TTI length and thus the frame length
should be maintained constant. However, the number of

symbols included in the TTI may be optionally changed



is allocated to other symbols in the same TTI in various 5 conventional
transmission methods. When it is assumed that one symbol is occupied by
the common pilot channel while the TTI is composed of ten symbols, the
common pilot channel occupies 10 % of the TTI (1/10) . On the other hand,
when it is assumed that one symbol is occupied by the common pilot 10
channel while the TTI is composed of five symbols, the common pilot
occupiésras filth as 20 lofthe PN (Y5 YFherefore, reduction of the

number of thersymbelsipglydedin theshfk leads 40 apeohiem:of reduced more

transm|SS|on eff|C|e dat channel. Such a lem bec
S|gn|f|ca¥r11? espemgll ET1F|h]eh the num(berecoﬁ egnyrrllli) OI% in‘the ‘%‘?a channel

reducéd Thégsreseft Weﬁﬁbﬁma%vﬁ@@d mdde tdadaress thelaieverarious
problesnanchisidifedted- - Hransnyssiant apparatush antaNSBiSsiemed that
method arecekg) En ap aratuségr}g }% gtlon mett d_in which the da£e the

fl ccu ommon pilot channe
channe tran m|SS|on e fICIe cy can e malntalned or improve even

when thelndmber®r 856 Symbols inélvieellif theeTIG8 8 dticed IME ANignnel
FOR s;abvm@sTHE PROBLEM AN emhadimentraccerding e thepiesentn it

invention 2o, Bﬁ? €3, 3 LransmISIr ?pPér%%Jéu‘Bi‘éH‘%k}d%ﬁé il 'Bk%ﬁ%ot

portion that multiplexes a common pilot channel, "a shared control channe
ad a §H3F€dféld’f§bh%rﬁ%§i %Téyﬁrﬂaéloﬁ%ﬂ%%?tl@ﬁ 66&@?%155’(0&9%0%% gRMMON
inverse Foririerc tiamséermationcon dkenultiplexedesignal so/as to generate-36,

a symbal; and;a fransmigsion padion.that fransmits the ;genefated symbal 4

this embodiment, the multiplexing portion multiplexes in a frequency

directioR 1RE ifared "CHHFS! Chanfernefldihg cohtiol %ﬁfbﬁﬁ&?&%ﬁ@&és@érfrhe
for 3 demedulatior df thestared data eharmnelneciuding afpayload anecthel 1y

cammop pilof channghio be psedbysplhrahusers, apd alse multiplexes the

shared data channel in a time direction with respect to both the common pilot
Channelandtﬁg%ﬁﬁﬁﬁﬁnt1nventlonhasbeenmadetoaddresstheabove

problem, and is directed to a transmission apparatus, a

transmission method, a reception apparatus, and a reception

method in which the data channel transmission efficiency can
20 be maintained or improved even when the number of the symbols

included in the TTI is reduced.

MEANS FOR SOLVING THE PROBLEM

An embodiment according to the present invention

25 provides a transmission apparatus that includes a
multiplexing portion that multiplexes a common pilot channel,
a shared control channel, and a shared data channel; a symbol
generation portion that performs an inverse Fourier
transformation on the multiplexed signal so as to generate

30 a symbol; and a transmission portion that transmits the
generated symbol. In this embodiment, the multiplexing
portion multiplexes in a frequency direction the shared

control channel including control information necessary for



5 control channel. Even when the number of symbols composing the
transmission time interval (TTI) is reduced, transmission efficiency of
channels excluding the common pilot channel can be maintained by

reducing insertion intervals of the common pilot channel accordingly. 10
ADVANTAGE OF THE INVENTION According to the present invention, the
data channel transmission efficiency can be maintained or improved even
when thenadrbet bf the symbotd imechdded i the I €d redotedind BREA 0ad
DESCRABHON QnilHHEIRAWINGS EIG: d sbowsea nelationship a/eend aand
frame. g ransmission fime.ipterval (L), and a,symbal: FIG, 2js. lodk, ;o

. a s? multlﬁ‘ .sha
diagram of a transmitter according 0 an example of the presen

inventivht IF I PR Bieckdidgrarn 6PaTeEeRet decttdititftb 2 examplestd
the presentiaventiannkelG. 4rshows aanexamplaarchanaehsontgumatioising
according to an.examele.of e, presept inyentipp, 25 FIG. 5 shows various
channel configurations; FIG. 6 shows various channel con]figuratlon's
includihg®deticatéd pil6t ERaATEISY FIG. PisHolrsla rértidRShiarohgcarmon
insertipn intervala rensymbehlength and aimaximym-delay tiae;i36 &£Gi 8ns a
d'agra{f}h%%%%sna'%t%ﬁ&c%%ﬁg%0;%”1 sxample of fh%’é%%%qtd%‘;ﬁ'“o”?
FIG. 9 shows an example of a channel configuration according to the

r}r%sent invention; 4 FIG. 10 is a block diagram of a transmitter according to
an exampleNofzitie presentimentiony 61G. 11 shows a sector beam and a

directional beam, F1G3..12 shoys.ap.example; of.a chappel eqafiguration, , ;e
transmission efficiency can be maintained or improved even
when the number of the symbols included in the TTI is reduced.

15
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a relationship among a frame, a
transmission time interval (TTI), and a symbol;
FIG. 2 is a block diagram of a transmitter according
20 to an example of the present invention;
FIG. 3 is a block diagram of a receiver according to
an example of the present invention;
FIG. 4 shows an example of a channel configuration
according to an example of the present invention;
25 FIG. 5 shows various channel configurations;
FIG. 6 shows various channel configurations including
dedicated pilot channels;
FIG. 7 shows a relationship among an insertion interval,
a symbol length, and a maximum delay time;
30 FIG. 8 is a diagram of a transmitter according to an
example of the present invention;
FIG. 9 shows an example of a channel configuration

according to the present invention;



5 according to an example of the present invention; FIG. 13 shows a MIMO
multiplexing method according to an example of the present invention; FIG.

14 shows an example of a channel configuration according to an example of
the present invention; 10 FIG. 15 shows various channel configurations of
common pilot channels; FIG. 16 shows a channel configuration of
dedicated/common pilot channels; FIG. 17 schematically shows the pilot
channels to b&TH5 tidhsmitte bycer rAdkicéant F16 L1838 senematically Shows 9

the pilebchannelsite be dransmitteddycan ag@@gye girectional beam; FIG. 19
shows an examQ!e fch nnel allocati n of e dedicated/ -ommon pi t
channels in accord;%lce 351.%% a TDM 20°me oén l‘—al?;da S ovn\}% é)%aol be?m’
relationship bé&tfeer throbghputandxafaverade feCEFtiortEsA®e WHEH el on
numberd¥stgiat-sfaggeted dnapping is changes &i6n 20Bnskows an;example

of channel m ng vig)hep1 the 2%,{51 berll\%s of the staggered mapping is
0, 1, and 2; FI schematic erﬁov&sm mcor%mur%caﬁ?)ﬁgcugmgng °

pilot sé@u@ﬁf@é@éﬂhééoﬁéﬁmﬁﬁ%%%%th@?%%ﬁﬁé@m sectors; FIG. 21B
shows a pilot ehannelgeneratioarpariiendoe 3rxuse dhadransmitefiguration

accor @%‘%&hn%xac@p' Iiofet;t‘aem%rféegtf Ipyen %s':'& 22,309ws 8, specific

example of orthogonal pilot sequences; 5 FI 3 shows a specific example
dfo rthogonal pili6t deqbieAtesy #6024 §ﬁé‘\%ealré%@|€h§Hﬁ6éﬁ\?€eﬁ%Common
scramplel eade randhanorthogonal code;

FIG. 16 shows a channel configuration of
dedicated/common pilot channels;

FIG. 17 schematically shows the pilot channels to be

15 transmitted by a multi-beam;

FIG. 18 schematically shows the pilot channels to be
transmitted by an adaptive directional beam;

FIG. 19 shows an example of channel allocation of the
dedicated/common pilot channels in accordance with a TDM

20 method;

FIG. 20A shows a relationship between throughput and
an average reception Eg/Ny when the number Ngq 0f staggered
mapping is changed;

FIG. 20B shows an example of channel mapping when the

25 number Ngtqy 0f the staggered mapping is 0, 1, and 2;

FIG. 21A schematically shows mobile communications
using pilot sequences orthogonal with each other between
sectors;

FIG. 21B shows a pilot channel generation portion for

30 use in a transmitter according to an example of the present
invention;

FIG. 22 shows a specific example of orthogonal pilot

sequencesy;



5 FIG. 25 shows a first example in which the common pilot channel and

other channels are multiplied by the scramble code and the orthogonal code;
FIG. 26 shows a second example in which the common pilot channel and
other channels are multiplied by the scramble 10 code and the orthogonal
code; FIG. 27 shows an example of a combination of the examples shown in
FIGS. 25 and 26; FIG. 28 shows the pilot channel and data channel of a
desired signaFaid aZroritesired sigmalk 18- F#GaR0 lshows fiteheegetor! pilot
orthogenghsaguences for MIMO pilot channels; FIG. 30 is an explanatory
view of CAZA I%od %;%r}]ld FIG. ?fl fhows t eipll%teqchannel and the gﬁtéa code

celations

channel of a desire S|gné>lwasn§a non-desire |gnal.‘§?)eﬂsar oF "
REFERENGE SYMBOPS20Z2%RFough 202-K: data channel processing
partion 210: spreadingsanrg; ehammelcodingnpardiom212; drerieaviBgrRoertion ot
25 2140:hdata dlem(r)lgulg,&igg ocrtion 216:; time/fre ency map ingtBTortion Zng'le

anne hanES S aré m tlE e scram
common pilot mu tlplexmg portion . Inverse Fast Fourier Transformation

(IFFT)P6tfioA" 208 guard-inesivar insepiih portion 30 302: guard interval
removal portian 304 d-asbrewiee transtarmation portioncB3a3i<channeh pilot

e,Sti maéi}g)gn@l%rfi ogn%l%tqieed],jc%tr?gn@golt SS eﬁ%a%%q C? %gtio% op ég/‘zi:h e scramble
time/frequency data extraction portion 314: data emodulatioh portion 316:

déintefleaGing poriibA e &Epréadingsid channel decoding potion

FIG. 27 shows an example of a combination of the
examples shown in FIGS. 25 and 26;
FIG. 28 shows the pilot channel and data channel of
a desired signal and a non-desired signal;
15 FIG. 29 shows inter-sector orthogonal sequences for
MIMO pilot channels;
FIG. 30 is an explanatory view of CAZAC codes; and
FIG. 31 shows the pilot channel and the data channel
of a desired signal and a non-desired signal.
20
LIST OF REFERENCE SYMBOLS
202-1 through 202-K: data channel processing portion
210: spreading and channel coding portion
212: interleaving portion
25 214: data demodulation portion
216: time/frequency mapping portion
204: common pilot multiplexing portion
206: Inverse Fast Fourier Transformation (IFFT) portion
208: guard interval insertion portion
30 302: guard interval removal portion
304: Fast Fourier Transformation portion
308: channel estimation portion

310: dedicated pilot separation portion



5 72: dedicated pilot channel control portion 74: dedicated pilot multiplexing
portion 102: dedicated pilot multiplexing portion 104: antenna weight control
portion 106: weight setting portion 10 2102: pilot sequence providing portion
2104: scramble code portion 2106: orthogonal code portion 2108, 2110:
multiplication portion 2502, 2504: providing portion 15 2506: scramble code
portion 2508: orthogonal code portion 2510, 2512, 2514: multiplication
portion 32602:ts¢rarmbie codeportionh 2604t vagitiphcatiorr péion 20 BEST

MODE £0OR GARRYIA> QUT dHfE INVENTION According to one aspect of

the preﬁr%t:ln ention, a_common gljlchticohannel and a shared data channel

are time-multlpﬁexe ) and a'common control channel and a data 25 channel
are also tifre-fAfAtplexednSirsetthelearhfdorf piterd ehdnReliscdllocated not to
am entirgfrequencyaband but de pard ofithe frequency hanediompart of
sub-carriers, other _channels excluding the comman pilot channel are
aIIocateJ;dg'to d(%f?elrc g%t?—%a?r%r%ﬁn%e%y%%ﬁ%%@ a{)dil?s{tjfr?gnan 30 insertion
positiont 8£thePE6HnATOTT Pil BEctvan el iy BPreefd ey ifektidn, the ratio of the
commonailot shasnehindkelation dertbe symilseltcashalso be adjusted.
Therequ86§v%% i/\(/gt}]ecn the. tnlurg%b%% f.symbols composing the TTl is reduced
(and a time 7 period of one symbol becomes longer), transmission
dfficienéie®<of gthéP EhaRABRISEIRHRY tHE ROMMBRPIL channel can be
maintained by redueing the-numbes{frequency) of the inserted common pilot

Channe&i@%qo%m¥¥¥gonal code portion
2108, 2110: multiplication portion
2502, 2504: providing portion
15 2506: scramble code portion
2508: orthogonal code portion
2510, 2512, 2514: multiplication portion
2602: scramble code portion
2604: multiplication portion
20
BEST MODE FOR CARRYING OUT THE INVENTION
According to one aspect of the present invention,
common pilot channel and a shared data channel are
time-multiplexed, and a common control channel and a data

25 channel are also time-multiplexed. Since the common pilot

30

channel is allocated not to an entire frequency band but to
part of the frequency band or part of sub-carriers, other
channels excluding the common pilot channel are allocated
to other sub-carriers in the symbol. By adjusting an

insertion position of the common pilot channel in a frequency
direction, the ratio of the common pilot channel in relation
to the symbol can also be adjusted. Therefore, even when the

number of symbols composing the TTI is reduced (and a time



5 According to another aspect of the present invention, a dedicated pilot
channel to be used by one or more specific users to demodulate the shared
data channel and a combination of the common pilot channel and the shared
control channel are multiplexed in a time direction. By estimating channels
10 using the dedicated pilot channel in addition to the common pilot channel,
channel estimation accuracy or the like will be improved. The dedicated pilot
channekisitirde rhukiptexedrara fistpoitt oftinge at cohsrmtfretfiehiey

Lnterva& ﬁﬁ@li@ﬁel 143 tls(;femwgplezqe&inalﬁea §e§96da|&melr?t the C@Bﬁwﬁ‘i pilot
requency intervals. ispersing the pilot channels in the time and_the
roaen s B D R R e hex aar ey
while tPan$missiors efficteh §PBR Chanheis-eéladitfy thedsifst chammeY is
improved. 20 Abesdedicated pilat eharngkisdtsansmitied tora seemMmurisations ,
party that moves at,a igher moving velodlty butagtnecessarily fransmited., .
toa communlcatlonspparty tﬁat oes not move at a mg%er moving VeT(}))CIty. .

By trandfdifting testitated] protdharfreldd iohifa uset whese 25hidhHel on
fluctuagipnciscconsideredta be largainsthestide: iirectione inpecessarychannel

transmission. 9 E'the_Lg%%:g%nga Y3 f‘li%%_igé‘tcﬁhoarﬂf‘e'é?% P@i%‘é@,?%gb&%%@ls

directionality adjuster that adjusts directionality of the transmission’beam
tovard'a specific 36 Conrtrhaficatiohs ﬁﬁﬁS}IFﬁiné providedintp the common
transnuission apparatus. Therdedicated pitotichannrelimay pe inserted fae ai11
specific.com| ications party. When the directional beam is used, channel
qualities are different from beam to beam. 8 Bg utilizing the dedicated pilot

channel directBftoWwarttheS SpREificomitihcations PaFe/ T ddditicr t6' the @
common pitotpochannef, charnekestimatimtacecaracyns ymprovedaWhendhel so

MWO@HE'WIng%UQQg iac‘tuﬁegemailgﬁme at the constant frequency
intervals. By dispersing the pilot channels in the time and
the frequency direction, a diversity effect of the pilot
channel can be improved while transmission efficiency of
channels excluding the pilot channel is improved.

20 The dedicated pilot channel is transmitted to a
communications party that moves at a higher moving velocity
but not necessarily transmitted to a communications party
that does not move at a higher moving velocity. By
transmitting the dedicated pilot channel to only a user whose

25 channel fluctuation is considered to be large in the time
direction, unnecessary transmission of the dedicated
transmission channel can be avoided.

A beam directionality adjuster that adjusts
directionality of the transmission beam toward a specific

30 communications party may be provided in a transmission
apparatus. The dedicated pilot channel may be inserted for
a specific communications party. When the directional beam

is used, channel qualities are different from beam to beam.



5 channel may be transmitted from one or more transmission antennas and
the dedicated pilot channel may be transmitted from another one or more
transmission antennas, which allows for appropriate MIMO multiplexing
transmission depending on the class of a reception apparatus (specifically,
the number 10 of reception antennas). According to another aspect of the
present invention, there is provided a reception apparatus having a reception
portiorPthatfdceivegat Syl iemiseeitied frons efrassniftegcied toward the

transfoypeation: pastienthat-pefermastherrounients transfosmationmiepilot
receiv%‘q S meblol, %ﬁ%‘ as paergygnaegrtirg)nathg& J;_segaraltesia}n comman pilot
channel, a Shared” contro channér\, and a Shared ddta channel from the
transformed sigiil. The SEphration poriicr I hequenbySeparafthe-éenimont
pibt channeldiseekhy plural 20 users sa demadwate the sharedcentiali ssion
channel.and ihe shaged, goptrel channel uped ta demodyjale e shared.dafa,
channeir,1 an&tlme-separates the shared data channel inclu ing a pay?oa

and a E6RTHIMATIBADT rRFCOMAOIEPHBEERARRE! AT 2 tHeeShared EBRfBlaL1ows
channeb 2% ha tiansaissionvappalatus 1aceonding i another @aspegic atithey on
preseniivertion. dne-conunep pigteiannel s, MUNDleRby, 2,SpreaiiGum. o
code sequence fsc;ramble code) common to plural sectors ané[ an orthogona
ddte SelquericePwHiEh i dfferérst from sector to sector, and the resultant 30
signal is transmittedda ragcompuunicationssparty (Gypicalyp ra arobile station)on,

Since ppe.sectar is distingdished. fropy. e %IB%%S‘ER%S@%ﬂ%tgt?h?%;ﬁé%@?on

code but the orthogonal code, distinguishing sectors is easily and highly”
accurat8ly” 8°Catied R thereByimprovihg quafify dfithe piictcharnreisnitter,
Other ehannelsfexchadingrthe commontpitat ghanfietrmaybe nltiplied by the

spreading,code sequence.(scramble code) £Ommonto pIHrAl seclyrs.and the

orthogonal code sequence _
portion that separates a common pilot channel, a shared

control channel, and a shared data channel from the
transformed signal. The separation portion
frequency-separates the common pilot channel used by plural

20 users to demodulate the shared control channel and the shared
control channel used to demodulate the shared data channel,
and time-separates the shared data channel including a
payload and a combination of the common pilot channel and
the shared control channel.

25 Inatransmission apparatus according to another aspect
of the present invention, the common pilot channel is
multiplied by a spreading code sequence (scramble code)
common to plural sectors and an orthogonal code sequence
which is different from sector to sector, and the resultant

30 signal is transmitted to a communications party (typically,
a mobile station). Since one sector is distinguished from
the other sectors by not the scramble code but the orthogonal

code, distinguishing sectors is easily and highly accurately



5 which is different from sector to sector. From a spreading code sequence
common to plural sectors, another spreading code is derived in accordance
with a predetermined rule, and the derived spreading code may multiply
other channels excluding the pilot channel. With 10 this, while different
scramble codes are used for the pilot channel and other channels, those
scramble codes can be readily detected by using the deriving rule. The pilot
channekard tesHared eanirol chanaslimayidrel multiplietlsythe spreadintg: ! -

code Sequen@t@%famtalexc@ﬂe)eiémm&&p&tﬁ@heecm@@mmene1 may
orthogonal co sie%ludegce hICh is d| erent fr%m sector to sector a%\ti the

share ?iant‘a nne a\g/ Lﬁtr& 89 another ¢ sqpreaalng cod%m ﬁwCOde)
this, séraffvlsie dw&l@é@%e%waec@@%gqyermﬁ%hegme%om@@f ferauence
exampleiachangein s-spreadingfacior 20-Incthestollewing examples,
although the resent invention is d scrlbed in the context. of a%yste[m

. rea C e Ce common ral sectors,
employing t M method in gownilnﬁ other systems en?pjloylng for
exampﬂé?é%&lh%‘?ﬁéﬁhﬁé&h@é Yhay %edt?éed’ LEXAMPRE LS D5 FERG 2 Shoivs
a part pf adeanrsmitier@ceordingdaa fitst examplelokihe-present duentiany

A'thour%‘ 1tpig f@a%s{ﬂ'ét?ré%ﬂ%%'éy Rrovig dedLA% 3 tadig Has ﬁ: aton. of a gy

mobile communications system as desc in'this exam the transmitter
rhay bé}ﬁrémd\‘gﬂl&?oﬂfe‘?éﬁ&ﬂ’étﬁ%%?h%%ﬁsﬁﬁﬁe?ﬁ§§ plaraltdgaPi ot
channehprocessingiportions 202-hta 1014 cthe ruumbeb 0é whickeis Kaa be

comman piot myliplexiog Ravtian 204, a0 FET. porion 206, and a guard

interval insertion portion 208. Since the K data channel 10 processing
portions 202-T §& 2021R h&PifehticalM furictiond ahg e simiyuration8 2a firdt may
data channel pigdessingypottion c2@2-direpreseats ¢he athery it thentollowinge )

explanation, . he data chanoelprocessing padion 202J-has aspreadingience
which is different from sector to sector, and the shared data
channel may be multiplied by another spreading code. With
this, scramble codes can be used accordingly from the
viewpoint of, for example, a change in a spreading factor.

20 In the following examples, although the present
invention is described in the context of a system employing
the OFDM method in downlink, other systems employing, for
example, a multi-carrier method may be used.

<Example 1>

25 FIG. 2 shows a part of a transmitter according to a
first example of the present invention. Although this
transmitter is typically provided in a radio base station
of a mobile communications system as described in this
example, the transmitter may be provided in other apparatuses.

30 The transmitter has plural data channel processing portions
202-1 to 101-K, the number of which is K, a common pilot
multiplexing portion 204, an IFFT portion 206, and a guard

interval insertion portion 208. Since the K data channel

10



5 and channel coding portion 210, an interleaving portion 212, a data
modulation portion 214, and a time and frequency mapping portion 216. The
data channel processing portion 202-1 processes a data channel for a first
user. While one data channel 10 processing portion carries out a process for
one user for simplicity of explanation, plural data channel processing

portions may be used for one user. The spreading and channel coding

portior? 2205t faren® cetidrmiel edding & tRe ddtahchvemnelto e ransmittedon s

therebyn d>-enlrancingerear-conectiopcapabilih dhshoud-be noied shabeeden
D DO e XIS becRuse e et son.

method 1S employe owever, when an . ogon uency
and Céée Divisiorr Mukipledtgyrfeihod iPeriployed #7 othérdexamprss #ide N9

2@ spreading amnc-chapnehcogdimngrportion 21 eongusts bathithe channgl 212,
coding and the code spreading on the datg channel to be transmitted. The
e e e Sl b e e b B ot
the ordemeF 8§nitsols 6Pthe’ éRannel-coded signal in a time direction 25

and/or a frequeneydirectionainraccosdanes withya peedetermined ruledknovwws e s

by the fransmitiey angits &?r”eSpP{‘Qé'%g E%%elaj‘{erwm‘igaé%g‘o Wation .y ne1
portion 214 maps the signal to be transmitted in a signal constellation in
dctorddr et with h BOrappropriate Hied@ation Mo Astthe midtIufdion for

method; Maniads modiflatiap methodsrsughl ag QP 8Kt 4 664AMn 621 QAMerstheng
like m%\gpgiqmglqyg - When Adaptive Madylation and Coding Scheme
Vi s

(AMCS) is employed, the modulation method and a 11 channel coding rate

are assigned 0% tBSEMY-Cas8 HASE2 THe iR aRd fregUeney rdppingt orms
portiort R4 6rdetermines howtthe data clianneds tocbedransmitted asel mappedby

i@§he(JWBQE%E¥QV§¥%E§QHSQQ¥SWEGHOBapabi1ity. It should be noted
that code spreading is not performed in this particular
example because the OFDM method is employed. However, when
an OFCDM (Orthogonal Frequency and Code Division
Multiplexing) method is employed in other examples, the
20 spreading and channel coding portion 210 conducts both the
channel coding and the code spreading on the data channel
to be transmitted. The channel coding may be turbo coding.
The interleaving portion 212 changes the order of
symbols of the channel-coded signal in a time direction
25 and/or a frequency direction in accordance with a
predetermined rule known by the transmitter and its
corresponding receiver.
The data modulation portion 214 maps the signal to be
transmitted in a signal constellation in accordance with an
30 appropriate modulation method. As the modulation method,
various modulation methods such as QPSK, 16QAM, 64QAM or the
like may be employed. When Adaptive Modulation and Coding
Scheme (AMCS) is employed, the modulation method and a

11



5 The common pilot multiplexing portion 204 multiplexes the common pilot
channels, the shared control channels, and the data channels, and outputs
the multiplexed channels. The multiplexing may be made in the time

direction, in the frequency direction, or in both the time and the frequency 10
directions. The IFFT portion 206 performs the Inverse Fast Fourier
Transformation on the signal to be transmitted, or the modulation according

to the OFDNEMetlvod,\WhichHormscar sctivessymbokpedion 18- Thee guasd 1s -

interval insertionepertian 208 extsaeisa par ob the acliveisymbobangtadds nes

the extracted part 1o a 19p or end ‘%fo”‘,@eacé"’en%gnmpg' dhereby forming &,

transmission syml%ol (transmission signal). The data c%anne?proge%smg

portioris. P22 thtetighn20 DO2AKP6EesS Hve Hasd ehannels to be

transmitted tothe corRSPINAIng users: i thei datapehanpel pracessingplexes

portior]tsh202-1 to 202.-§b,tch% data cbgnncekl}s asr%ézpeagnel-codefl, 'nterle@éeid nd
e

p T
data-modulatet ,Oélnﬁlmappega}ﬁr%ﬁe tim Frequency directions. The rrheappe

data chafriEl$ are'25dttut FofrPEREGPeSPR ARG dats EPARhErProtessing e
portions 20241 t:202- knanddapukigsthencamenan potd idtiplexing partione
204, i I e dat nnels are multi ith, mon, pi Lenc
chann%%s,%%%l#ey sﬁ%é% %cor?%r'olé})cﬁeﬁa?ne%lgc %F%(heéqlr%utlé;ilp é%(gg]@igtr%% ulun%)l%'\eqrgoesy
the 309hV&fse'rast-Fourier Transformation, and a guard interval is added to
the trar)sfqrmemhsigﬁmmjaezamtme _sy@lmirpom)t—,}themhyye Bﬂ@ji}‘@sﬁh&r_ourier
transmission symhal; The, frapsmission symbol s tignsmitted,via a radiq
portion (not 12 shown). FIG. 3 shows a part of a receiver according to this
example Of thé préséfGRvEnticn. WhiBEhid TEeRr s Jprovided inta THohife®

statiore(for examypté,cisereguipment

15 The guard interval insertion portion 208 extracts a
part of the active symbol and adds the extracted part to a
top or end of the active symbol, thereby forming a
transmission symbol (transmission signal).

The data channel processing portions 202-1 through

20 202-K process the data channels to be transmitted to the
corresponding users. In the data channel processing
portions 202-1 to 202-K, the data channels are channel-coded,
interleaved, data-modulated, and mapped in the
time/frequency directions. The mapped data channels are

25 output from the corresponding data channel processing
portions 202-1 to 202-K and input to the common pilot
multiplexing portion 204, in which the data channels are
multiplexed with the common pilot channels and the shared
control channels. The multiplexed signal undergoes the

30 Inverse Fast Fourier Transformation, and a guard interval
is added to the transformed signal (the active symbol
portion), thereby forming the transmission symbol. The

transmission symbol is transmitted via a radio portion (not

12



5 of a user #1) of the mobile communications system as shown in this
example, the receiver may be provided in other apparatuses. The receiver
has a guard interval removal portion 302, an FFT portion 304, a common
pilot separation portion 306, a channel estimation portion 308, a dedicated
10 pilot separation portion 310, a time and frequency data extraction portion
312, a data demodulation portion 314, a deinterleaving portion 316, and a
despredding and channel decoding portion 318. The guard interval removal

portion 302 remevessthen dbsguarshinterval from the; transauitted symbol anghi s
thus extracts. the ?th'\éee S rpebsoel l;{)orti%rgj.eﬂ%el FFT pﬁé%qn B%iperforms. the

exam @) il on. S receliver 1s
Fast Fourle?]‘ﬁansforma on on the signal, or Hemo ation accor(%ng]to e

OFDMPHRTHEG 20 The Eo¥aidcn piletseparafion FoTHBR 306 separates evepnt

sup-cafries desaedylaged in aceordance withhihe @ EBM snethogs sena s t0 shown
obtainithe olrgmgga[?r{lofecha%}glsféggls\pgred con rgl clha‘plr@és and other
channels. The channel estimation portion 308 p%r orms cﬁwanneCI1 o5
estimatioPPdsing IRé separatedE6mRcn pildt ehaNRels arth dufpdtsterthea
data demadidation poriani3id pe the ke @0 cpnirat sigral for. chansebaration
compensafion, Sysb cantel, signalJs alsa.used B01he €agRel . aeaicatea
compensation for the shared control channels, though not shown for
sithplicity'6f- 30eRaSRALGR. TR teticatéd pildt Separatioh FertiBReIRYiCRéE
used xthisexampledtt Usedtozseparaie dha«dedicatedipilotpehannelsitam a

the otherchanngls in g pelawrdescribed exam Pi?-q&%ﬂ%%&?%@%% PURL hpe

channels are given to the channel estimation portion 308 and used in order
to enhdREEHE IckAaTiel Vstitddtion accuracy. The time and frequency data
extraction portioR 3i2ard interval removal portion 302 removes the

15 guard interval from the transmitted symbol and thus extracts
the active symbol portion.

The FFT portion 304 performs the Fast Fourier
Transformation on the signal, or demodulation according to
the OFDM method.

20 The common pilot separation portion 306 separates every
sub-carrier demodulated in accordance with the OFDM method
so as to obtain the common pilot channels, the shared control
channels, and other channels.

The channel estimation portion 308 performs channel

25 estimation using the separated common pilot channels and
outputs to the data demodulation portion 314 or the like a
control signal for channel compensation. Such control
signal is also used for the channel compensation for the
shared control channels, though not shown for simplicity of

30 illustration.

The dedicated pilot separation portion 310 is not used
in this example but used to separate the dedicated pilot

channels from the other channels in a below-described example.

13



5 extracts the data channels in accordance with the mapping rule
determined by the transmitter and outputs the extracted data channels. The
data demodulation portion 314 performs channel compensation and then
demodulation on the data channels. The 10 modulation method is in
accordance with the modulation method performed in the transmitter. The
deinterleaving portion 316 changes the order of the symbol of the data
channélsindastordance withethec iterieavingsedormeed ire tHe grafbmitterl 15

The despreading.ang shansg! godingportion 31L& peHernstehamngince the
decodir}%%n the res%eli%gg data channels. Since the OFDM method is

emplo;cfe r'code %Iespreadllr?gr;1 is?ﬁg%lrr)gﬁgr'med in this example. However,

when the OFGb# mithod s effsioyed dn cther eREMpIEs, ithe despréadingl 2

and channel decoding 40 portian 3181 conducts both the eodedespreadiigoing

and the,channel decodind on e reasiued data hannels, & sianal reseved .

by an antenna (not shown) passes throug aradio portiol%u not shown) , is
convefteédante'a Basésband signal, and undergoes the guard interval removal
and 25 the Inveeseikast Beurern T rnsfarmatien oqhran the éranstarsnec signal
is separgied e commaon,pilot channels, which areysed in thechapnel ¢y
estimation%Add%t?or?a]lﬂ%, r'5?1e shareﬁ%ontrol (l:hann%ItS aen% tﬁe data channelsT ©

aré selﬁaijé}céﬂt%%Wﬁéﬁ%éﬁﬁrﬂé&%@ﬁ%@%ﬁﬁ ther deideriateet Thie Bpthod
demodiudatesk-data channels aredeiitetleaved and channel-decoded, and

thus the data that have peen lransmitted  fropythe, kangmiier argfestored, ¢

FIG. 4 shows how various channels are multiplexed in 14 this example. As

an exdmpleS POPPTIsCAre ReIUtRE PRI 10" fis* frame WNEATREANS bhe TTfis
0.5 msi.riQre Tdd s composedrioéd symbols arranged ateng the time direction

G¥p=7)Inﬂ“ﬁﬂ%%%ﬂgqégéﬂyg%JBQQQGHQQQB@¥§$BB9@§on318performs
channel decoding on the received data channels. Since the
OFDM method is employed, code despreading is not performed
in this example. However, when the OFCDM method is employed
in other examples, the despreading and channel decoding

20 portion 318 conducts both the code despreading and the
channel decoding on the received data channels.

A signal received by an antenna (not shown) passes
through a radio portion (not shown), is converted into a base
band signal, and undergoes the guard interval removal and

25 the Inverse Fast Fourier Transformation. From the
transformed signal is separated the common pilot channels,
which are used in the channel estimation. Additionally, the
shared control channels and the data channels are separated
from the transformed signal and then demodulated. The

30 demodulated data channels are deinterleaved and
channel-decoded, and thus the data that have been transmitted
from the transmitter are restored.

FIG. 4 shows how various channels are multiplexed in

14



5 the shared control channels, the dedicated pilot channels, and the data
channels are multiplexed. The dedicated pilot channels are described in a
second example and beyond. The common pilot channels and the shared
control channels are frequency-multiplexed in one symbol. Specifically, the

10 common pilot channels are inserted at certain frequency intervals into a
leading symbol of the TTI. On the other hand, the shared data channels are
transniifted Braretond sympol ardnbégoend in THE sanre TMCcNafAwsly ithes 10

commgs pileinghannelsnhandthe shared data channels are ime-muliplexgdsed
and thef1157shar%d c“[%ntrol chann(glsafmd thgndeatg .c@gngels are glso

time-mu tiple%g. 8ince the common Bﬂgt C hanne Sare "affocated ngﬁz%é

entire frequenty BaRdihthetTrRtSE S pas of the FEGuehEy:bahd-dea patks /
ofgthe sub-catsiers; otherchanmelsexciydingdhecommanpot channelscans,
be 20 allacated fo e aifier, syt carriars. By aolusting insertian intewals of o
the common pl|0t C anngls In theafrequency Irection, the ratio O]Tt e

comm6h et EhahhRlSif FlalicA id'the STACHh Bacafitsie Forevafple The
when thewrember 0f tthensymbols iartbethH isnHeduced {and @l tiviesperdad pere

symbol r%%QSSQm-%%u'PEﬁSE S‘%&Srdﬂﬂg!%!%’ec'é%%% er”%"%§§£% efficiency. gt
the channels excluding the common pilot channels can be maintained by
dctordingfredutiyinSeRTOIT fleqiéhcies BF i camni6 pRdfcRamTISnCY

FIG. Sis’rmwsmaﬁmmwampﬁi@ifgcbgmbeﬂooﬁftgwaﬂmns Bﬁlimmmfhthe hand,
common pilgt chaanels and, the shared coptrol, channels gre multiplexed. Ity 1

should be noted that the channel configurations are not limited to the

illustrated exaATple Lot e fsalizéd in lahother Comfigaraton f1%annels
channehconfigurationet shown irhEiGe3 is the saine asthe ichammrel, and the

canfigurationshown in, FIG, 4, As stalgts the common pilgtchanngls are s

used for the channel estimation to demodulate the shared control channels.
IntheEﬁgﬁﬁ@Pltlplexed. Since the common pilot channels are

allocated not to the entire frequency band in the TTI but
to a part of the frequency band or a part of the sub-carriers,
other channels excluding the common pilot channels can be
20 allocated to the other sub-carriers. By adjusting insertion
intervals of the common pilot channels in the frequency
direction, the ratio of the common pilot channels in relation
to the TTI can be adjusted. For example, when the number of
the symbols in the TTI is reduced (and a time period per symbol
25 Dbecomes longer accordingly), channel transmission
efficiency of the channels excluding the common pilot
channels can be maintained by accordingly reducing insertion
frequencies of the common pilot channels.
FIG. 5 shows various examples of channel configurations
30 in which the common pilot channels and the shared control
channels are multiplexed. It should be noted that the
channel configurations are not limited to the illustrated

examples but are realized into yet another configuration.
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5 configuration 1, since the common pilot channels and the shared control
channels are frequency-multiplexed, there are no common pilot channels for
the sub-carrier that contains the shared control channels and therefore a
channel estimation value cannot be directly obtained for the shared 10

control channels in the channel configuration 1. Therefore, the channel
estimation value for the shared control channel has to be obtained by
interpdlatingthe clrirel estintation lvaluesfor thESub-carfietd thapeentainthe

the coannanilol-shagnels: The iterpolation may be adipear bierpalatiotmon
L5 By the way, bidireclional ariows in FIC. gindcate thal, the interpolation is
carried out In the marked Section. in this partlcﬁiar examp?e, since all the
commeAildE ERAANERS apdahesHared cohtriol @RARARElS afé allbCatedadrihe

leading osymbok demedulatienofdheisharethdata shapnelsrcambe LG earrieek
out quickly. In addition, since the common pilot _channels and the shared
ool RO g AEE o AN AR S B8 are
frequeRey ivErRityP effebt eRABEinipicved BRdT88ilieRES 16 fréduen&pntains
selectiveefagdiag €andag enbanced n2s 13 asehannel configuratiarn 2 nthel

Commgrs‘Pi:r%Ehérr{“&’%]ﬁ@é’%é'ﬁ%ég%%do?ﬂ‘é@éf{/'ac%kei%%% for the shared

time-multiplexed. In this configuration, no interpolation is necessary In

ddhtraspio-tiel chianhef anfiguraticht 2 P itF adeftidn, IHe2 EéRimbn pideretore,
channelssand4he sharedicontrod channels ase 30 distributed wvidelyon thteannel

frequency direqrion,fhetely, enhancing resilience tofae frequency selegtive o,

fading. In a channel configuration 3, the shared control channels are inserted

after a'fart ©f tHe Eofitfion Piot 216 RAANERButTO &ftet theSotheFEsmmon©*
pilot chanrmels1$he Tommorepitetlchannelsandthe sharedrcantrelgharitelsn .

myltiplexedyn the fime direction @llovs forpowersrafio agdiustgent during. tnat

transmission. In this configuration, , ,
the interpolatidn is carried out in the marked section. In
this particular example, since all the common pilot channels
and the shared control channels are allocated to the leading
symbol, demodulation of the shared data channels can be

20 carried out quickly. In addition, since the common pilot
channels and the shared control channels are distributed
widely in the frequency direction, a frequency diversity
effect can be improved and resilience to frequency selective
fading can be enhanced.

25 In a channel configuration 2, the common pilot channels
and the shared control channels are time-multiplexed. 1In
this configuration, no interpolation is necessary in
contrast to the channel configuration 1. In addition, the
common pilot channels and the shared control channels are

30 distributed widely in the frequency direction, thereby
enhancing resilience to the frequency selective fading.

In a channel configuration 3, the shared control

channels are inserted after a part of the common pilot
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5 since the shared control channels are inserted so as to substantially cover
the TTIl in the time direction, the channel estimation throughout the entire TTI
is necessary. In this case, if only the common pilot channels in the leading
symbol are used for the channel estimation, the channel 10 estimation
accuracy for the end symbol is not sufficiently assured. The situation

becomes worse especially when the receiver is moving at a higher moving
velocityrsinee Ehanneln fiticifdtion i the titee dirsttion ends tebenatier The

large inthis cape1 bhetafars.dhe chaanehestimation adue A510btaingtkfrom
the Ieadln% ) Tmbolol]]n the TTI agd thedc:hanncel eStII’T?tIOI’] %/alue obtalnerd ‘
from the en symbo mrih | are useé%por example deeaﬁy?nterpolaiaed])
so as RFpreTERbl erfomy the eRaRherastimatibn. T AHaginelguration,
canfiguration 4bhesshared control 020 €hannelssarermultiplexed by Seequency
hopping.in the ti me nd the fre rect|o s. Since th comman pil
channe sioa% the sﬁayedccontrolqhann els are gnstrlﬁuted Wlder in the %e
frequeﬁ]é?fml%]cti%ﬁ‘} tHe Fesifiehed 20 #he FreGlienty sefettivelfading temse ry -
enhanced: Ha additien, 25 sinGe the commendiiins channels and thershaeediing

control, channels are distributed,also é'%é'}k%é'ﬂ‘e di ?%%%&Q? 9%’9&(%%%1

can be adjuste durlng transmission. <Exam fﬁe 2> n a second exam
the présentifventior IRer 30 dddiEatétt pREEcRARREIS are G8&d it Bﬁlﬁﬁi]cﬁflﬂbly
the coavnanrepilot chanrelsuihese channetssarethe-samedn that thegieen the

channels arg used fop the ghannel gstimation,on Hbe%‘ioéi%weé’?ﬁct@e&?annel

channels are different in that the dediCated 17 pilot channels are used only
for a paHicUiEFmohile'Statibh Wi therésintBh piiBtichafnBR are-iséd Jrérr ge
all the mobite. sstatiers. Tharefolfe; nehilebalychre kind efsignatmay e lue

Rrepargd.as asigpakindicating the commoenchannel PIgr ong the channel
estimation value obtained from the end symbol in the TTI are
used (for example, linearly interpolated) so as to preferably
perform the channel estimation.

In a channel configuration 4, the shared control

20 channels are multiplexed by frequency hopping in the time
and the frequency directions. Since the common pilot
channels and the shared control channels are distributed
widely in the frequency direction, the resilience to the
frequency selective fading can be enhanced. 1In addition,

25 since the common pilot channels and the shared control
channels are distributed also in the time direction, the
power ratio can be adjusted during transmission.

<Example 2>
In a second example of the present invention, the

30 dedicated pilot channels are used in addition to the common
pilot channels. These channels are the same in that these
channels are used for the channel estimation or the like.

However, these channels are different in that the dedicated

17



5 kinds of signals have to be prepared as signals indicating the dedicated

pilot channels, the number of which is larger than the number of the mobile
phones. The dedicated pilot channels are used when the mobile phones

move at higher moving velocity, when a directional beam is used in

downlink, and 10 when the mobile stations have the predetermined number

of reception antennas, or the like, the details of which are explained below.
FIG. 6shoviis vagiousichamsel eenfigntatidng inchading Cthecdedidated pilort ion

channgls: The ebappglcontigurations: ds-are potlimited totheillustiadedlopile
configurations but may.be realized in any other confiquration. In a.channel, .
configureﬁion 1%t FIG. 6, the dedicate pii)or% channels aré insertedina ~
secon@SyRE htyfredetemimbdimtevalsi e Altharmieledrfigaratdn 20gfural
FIG. 6xtheidedicated pilot 20-channelsanerasetied ina Feguensy hopping ing
pattern poth in.the time and the frequency directions. In a channel .
configﬁgﬁi(?neglo?ﬁ%. :%Qlt 8%55%?:3%@%%10%0 eaﬁﬁg?%egreo %me-lr%ultllpsle%(%éger

after atpart of Hife RoRRRBNPildtichatfiield Shitrecater Heeofifst comftdrPilot
pilot chanmnels 1 a-ehasue k2l orHig urabione4ofdniés ﬁoﬂfaeaiedin@m@i_milﬁting
channgls,and the %q%%rﬁdad%tar%g%”%‘%'éf‘rSeCé%Qe’Em&'E@E?XPQ-&%%%rgmg,t fa
common pilot channels and the .ed]icated pilot channels, when the channe

etimatidriis Cafrigd ot SinSth B dthEm, MiserioRftervals I8 of thEpRet ©F

30 channsip ate requitech ta satisfy theessamphng theores.a Specifically; the are
insertig%qtg{\@g A are setso as to satisfy the following relationship: 18 AP
< Ts/dmax where T. represents a time period of the active symbol portion (a

symbol time pefidd BUtAINEE fRér e guard erear Semevaly aRd dmaxding
represents thelinaxiraanpvalkue efpathedropadgatonotelayethecrelationship ofns

\¥@Ch§%wu§g@u¥imited to the illustrated configurations but may
be realized in any other configuration. In a channel
configuration 1 of FIG. 6, the dedicated pilot channels are
inserted in a second symbol at predetermined intervals. In
a channel configuration 2 of FIG. 6, the dedicated pilot

20 channels are inserted in a frequency hopping pattern both
in the time and the frequency directions. In a channel
configuration 3 of FIG. 3, the dedicated pilot channels are
time-multiplexed after a part of the common pilot channels
but not after the other common pilot channels. 1In a channel

25 configuration 4 of FIG. 6, the dedicated pilot channels and
the shared data channels are code-multiplexed.

Regarding the common pilot channels and the dedicated
pilot channels, when the channel estimation is carried out
in the time domain, insertion intervals A, of the pilot

30 channels are required to satisfy the sampling theorem.
Specifically, the insertion intervals A, are set so as to

satisfy the following relationship:

18



in FIG. 7. For example, when Ts and dmax are equal to 80 ps and 20 s,
respectively, the insertion intervals have to be 4 or below. 10 <Example 3>
FIG. 8 shows a part of transmitter according to a third example of the
present invention. In FIG. 8, like numerals are given to the elements that
have been already explained in reference to FIG. 2. As shown, the data
channel processing 15 portion 202-1 additionally has a dedicated pilot
channel contrsl porfiofd72 and a dedicated pilot channel multiplexing portion
74. These elements are provided in the other data channel processing

portioreqshé%_-% to 202-K. The dedicated ﬁ.il%gr%l}ag gla?o?trol psorrg}gg 72

. represents.a time perio ctive 1 portion
determines, in accordance 20 with mobili y of amobile s ation concer d,

whethéptheytetlicdtetipilet ehafnelstareinderelanto-a Sighe e benterval
transmitted-ta the snebite statiopr d bennebility mayxbeumeasured,dorpath

example, through the maximum Daoppler frequency. en the measured
Mol soe L0 Sl e e G U b i e P
be insértedIThe dedicated pilat aultiphexing-portidriz4 inserts ordloedsongt Hs

insert they dedicajed ilpt ehanaels tothe signal-ta be transmittedsto, dhe usebe
in accqrdance with instruction from the dedicated pilot channel control

portion 72, and outputs the signal with 30 or without the dedicated pilot
cdifannels to the common pilot multipfeiPpértioh 204. For example, the
mobile stationrstiaws #hBIG. B peotifiest theaadio hase stator@f @fiyto a third

indication thatcayt be,used 13 by the raoliq base statiopdto detarming, ,ne a1 5

whether the mobile station is moving at a higher speed. Such indication may

be, b@Totdiiitdd t6, tHEnRdGMERT DpKier frREteRtF WHer it explained
deterniinec: by the dedicated .piot charmiel wontralkepostiench d2rthatdhemeobie g

station,is,moying,aba fighgy;meying: velqelty, theydedicated; pilot channelsne
are multiplexed with , , , ,
control portion 72 and a dedicated pilot channel multiplexing
portion 74. These elements are provided in the other data
channel processing portions 202-2 to 202-K. The dedicated
pilot channel control portion 72 determines, in accordance
20  with mobility of a mobile station concerned, whether the
dedicated pilot channels are inserted into a signal to be
transmitted to the mobile station. The mobility may be
measured, for example, through the maximum Doppler frequency.
When the measured mobility exceeds a predetermined level,
25 the dedicated pilot channels may be inserted. The dedicated
pilot multiplexing portion 74 inserts or does not insert the
dedicated pilot channels to the signal to be transmitted to
the user in accordance with instruction from the dedicated
pilot channel control portion 72, and outputs the signal with
30 or without the dedicated pilot channels to the common pilot
multiplexing portion 204.
For example, themobile station shown in FIG. 3 notifies

the radio base station of any indication that can be used

19



the signal in the dedicated pilot multiplexing portion 74. When it is

determined to the contrary, the dedicated pilot channels are not multiplexed.

In this example, the dedicated 10 pilot channels are inserted to the signal to

be transmitted to the fast-moving mobile station, whereas the dedicated pilot
channels are not inserted to the signal to be transmitted to the slowly moving
or stationary mobile station. The dedicated pilot channels in addition to the
commbii pilot 15echaniels aré uskeddn the fast-movingg malsiiehstatiohethiereby e
eﬁhang:iwttﬁ@acmamﬁhfsgm@gi@?l@gﬁ@@%%d%l% 9 §_H%W3 @@i@glemelke @@ be,
channel configuration when the frequenc is divi into plura .
freque%%%/ 618%(%_1 rr]1Eee ?retqoder%yeb 0C mc[ﬂa&%)sp Blgerarl s%ﬁ%%?ﬁg%i Slrfl%ﬁ a e
20 fregiiefiey Dok ray Be-talldd . ertsid Bffetuehey BRUNKOTGIS teRBtFcen
bleck. userncan vser@ie chunrk ot mereiis ascargance With FSMISSIENNn g
contenys (data sjze. arine [ke), ln e lustraled example.a requency, k..
lisusedby a f]aist-movmg user and the shared data channels and the 2
dedicated pilotehannels Bfe ARgltipreied ihithecAUHIC 1 PIE abikitidr Tarither /4 -
frequeneychinki 2 isi¢sedniyhadises whe is dratraeying tastdaad the ed pilot

dedicated piloy glgain%l I5.are ot multiplexed in the chunk 2. dn %qlee 3581 %t eq
the fast-moving mobile station, Since thé channel estimation value may

difangB BePlargeRPfeistiftetd iffe: Boththe-C6mmaR piot eHahrieis "aRd e d
dedicated pilet chanrelsarequseth therebysabtaininghthechighhhacawateated

channgl;estimation yajue. Qn the other, hand, in the gase P%HA% stagignary or

slowly moving mobile 20 station, the channel estimation value is not ,
expectedPto>Bhahge fdtdély forrtimd ey tinte T rahdmittingthé eBmifiotk Piloe" -
channelscanddhe dedicateld piloheharnelsi to such @i aserontayeresulinim pilot

impaired data fransmigsion efficigncy 2 singe e npgeessary,pilofchannels,
are transmitted. However, the dedicated pilot channel estimation portion 72
enhancing the channel estimation accuracy.
FIG. 9 shows an example of a channel configuration when
the frequency band is divided into plural frequency blocks.
One frequency block includes plural sub-carriers. Such a
20 frequency block may be called a chunk, a frequency chunk,
or a resource block. A user can use one chunk or more in
accordance with transmission contents (data size or the like).
In the illustrated example, a frequency chunk 1 is used by
a fast-moving user and the shared data channels and the
25 dedicated pilot channels are multiplexed in the chunk 1. 1In
addition, anther frequency chunk 2 is used by a user who is
not moving fast, and the dedicated pilot channels are not
multiplexed in the chunk 2. In the case of the fast-moving
mobile station, since the channel estimation value may change
30 largely from time to time, both the common pilot channels
and the dedicated pilot channels are used, thereby obtaining
the highly accurate channel estimation value. On the other

hand, in the case of the stationary or slowly moving mobile
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detects the mobility of the mobile station and determines whether the
dedicated pilot channels are required in accordance with the detected

mobility in this example, 10 thereby preventing wasteful transmission of the
dedicated pilot channels. <Example 4> FIG. 10 shows a part of transmitter
according to a fourth example of the present invention. In FIG. 10, like 15
numerals are given to the elements that have been already explained in
referencé to FIG. 20 tHig erampte fplnedll antermascaresused fergigaakd to
transg&jggi@@STmf%t@xg, E&rﬂ&l@rﬁ@?ﬂt{mﬁdﬂﬁ@(i?esl@f@rﬁ%ﬂ@lﬂﬁ@-ﬁﬂé common
provided . additiona ith a dedicat ilot multi i rtion 102, 20 an
e bt B A Do 10, S & SR B Mo =
each of1Ré plaral Bpteriiastis pronided ifi? ERmMEnisstichsas the E6htMencY
pibt mudtiplexingpeartionc284athe SR porinm 206 and-thecguarshinterval,
insertign portion 208, ar the like. The dedicated pilot multiplexing 25 portion
102 s 10 ool ot S e e A e oo, 72
The antehfatseight cBRRrol poitioh” 102 adRRis & Wéight fit eédch gpfiermines
plural antennas. tAdjusting appsappately the)weightsealizes adigaraattern
that has directionality, in 2 specific.direction gr po,3q directivity, The weight
setting portion 106 sets the weight for each transmission antenna in

dctor ithir €SGO By riEt fiot the amtériid Welght contrdipotaeRcated
104. Thel weeightzistypically expressed by an amount of phase rotation 21 to
which amplitude may be added. By the way; the, common pilot channels and
the shared control channels need to be provided to all the users, whereas

the dedicatedpifét ch3nfABR"eéd B5he (rovidet td'd spetific - aserng to a
Therefore rttie ecrmmdr pilot chanpelssand the sharedrcontral ¢liannéals argéike

HQPS”HHEQ$%T%S§9EWJ¥¥HHt@@tgﬂﬁﬁ%tements that have been already
explained in reference to FIG. 2. 1In this example, plural
antennas are used for signal transmission. Therefore, the
data channel processing portion 202-1 is provided
additionally with a dedicated pilot multiplexing portion 102,

20 an antenna weight control portion 104, and a weight setting
portion. Moreover, each of the plural antennas is provided
with elements such as the common pilot multiplexing portion
204, the IFFT portion 206 and the guard interval insertion
portion 208, or the like. The dedicated pilot multiplexing

25 portion 102 multiplexes the dedicated pilot channels in the
signal to be transmitted. The antenna weight control portion
104 adjusts a weight for each of the plural antennas.
Adjusting appropriately the weight realizes a beam pattern
that has directionality in a specific direction or no

30 directivity. The weight setting portion 106 sets the weight
for each transmission antenna in accordance with a control
signal from the antenna weight control portion 104. The

weight is typically expressed by an amount of phase rotation
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an entire sector and the dedicated pilot channels are transmitted by a
directional beam having directionality toward the user. FIG. 11 shows
schematically the sector beam 10 and the directional beams. In FIG. 11, the
sector beam covering the entire sector having a wide directional angle of
120 degree is shown by a solid line, whereas the directional beams having a
narrower directivity toward a user 1 and a user 2, respectively are shown by
dottedtimesh 15HF @12 shewsery ekampiiefla channel configuration when

the frequencymandis divided intoqiural frequencycblocksiar eRunks.cOBBared
user can L!CS ?% %c(:hun OI’ mor |n accordan(%e ith tr?{]SErHISSIOI’] contennts

(data Sizé or r}nfn the |I?ustrate<ejl Examp tfoequency chunk1 i Used -

by 20 tHeeutet 1cand & FrebpiefE\R EREAR 2 fdsed by e user .t SincPeaéh 1 c
user cabdise the dedicated pilatchannels gransmitedhyethe difactiorakhared
beam, |n atddltion to the.. commaon pilot ch%:m s transmitted througgo%t the

n ns

1
sector, ﬁhe c annglnensﬁlrﬁaﬁgﬁ rergardlng r%gtms)ﬁ% tﬁe fgr&lrectloﬁglvers

beam @c%*éﬁr&ﬁﬁﬁﬁ?ﬂgﬁaécﬁﬁa%y@%@rﬁﬁ% B3 A theBaifiple 4%he
plural transpssion @rntenrRas are djﬁ&ﬂ@lfthmnamrﬂc@oaalrb@aﬁbmm

other hand, in a, Multizlnput Multi-Qutput (MIMO) me g{wcoadlyvhlc al30 1 anm

antennas are independently used so as to concurre trafsmit fferent
signalsFontfive Sorrespondiny aF@hnas St the Same fregigné§ thersigRam
are received hyopltinal ¢eception antennasandseparated disig-anonal angle

appropyials signal, 22 SeRAFNR algarithm, independentuse althe plural o4,

transmission antennas can produce plural transmission routes (channels),
therebyEihanting 2% ataFarsHissich Fate Uy 164 [eVef EBrréspaRding 1%“&1 a
factor ofthe aumberof the Setransmissitwanténna: tSinde thedransmission

rpyites are formed by thecorresponding antennas, the iloL ¢hapReIs A, + i on
when the frequency band is divided into plural frequency
blocks or chunks. One user can use one chunk or more in
accordance with transmission contents (data size or the like).
In the illustrated example, a frequency chunk 1 is used by

20 the user 1 and a frequency chunk 2 is used by the user 2.
Since each user can use the dedicated pilot channels
transmitted by the directional beam, in addition to the
common pilot channels transmitted throughout the sector, the
channel estimation regarding the direction of the

25 directional beam is carried out with high accuracy.

<Example 5>
In the Example 4, the plural transmission antennas are

used to form one directional beam. On the other hand, in a
Multi-Input Multi-Output (MIMO) method, while plural

30 antennas are independently used so as to concurrently
transmit different signals from the corresponding antennas
at the same frequency, the signals are received by plural

reception antennas and separated using an appropriate signal
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transmitted from the corresponding antennas and the channel estimation is
carried out for the corresponding antennas. In addition, the transmissions
need to be carried out in 10 accordance with the least number of the
antennas when the number NTX of the transmission antennas and the
number NRX of the reception antennas are different. For example, when a
radio base station transmits signals from four antennas, a transmission rate
that hasebeen expected frontthe usérsiehentB:foursitenias tanndtbe 1

realizegrif asmobile statignas ety HWe seceptionantennas, 4eadingde routes
throughput that.can be, tealized by only the twa,of the four transmission.,
antennas. fll’l otjher '\NOI’dS, ﬁ He moﬁﬁe sPa%ion as only ﬁNO an?ennas, use o P
the fourcaritehRES in ¥R& FadiDBESE Station°cdmtoi 20 ednfritRitétglapr of the
improvenentekthecdatartransimission i ffisiency. Framsthis poit of viewsaare
way of transnd”g ?Qtfrh fram the radi% base sl;gtionais cht%n e(ii i% ,éiccqgrdan e

ero

. forme ﬁcorres. onaling antenn dS, . anne.ils. are
with the num the reception antennas provided in the mobile stationin

the fifth’exXarApletitherpredeitt invERRORC25 i assinfedTor diipheiyhomnel
explanﬁ'rgmﬁaime irpobie stattbrohas twe qjtqf@u&@ﬂi@_raimadc;herﬁadi&aas .
base station 113s four aniennas, altnough, s gxamnals is, applicablejto the ;

mobile station and the radio base station having any appropriate number of

dritenrS IR TRR S AmMplR, BOrtheScothniBiPBiidt CHariiéls 2hePeesharegrn the
controhchaerniels care receiveth hyanysype ahmebile statiantardiheber Ngyx of

dedicated piotchannels are receivedby the-mablle station havingthe fpur, 5

antennas. 23 FIG. 13 schematically shows the MIMO method according to

this exafhple 6Fthe Predeht thverftict Ks’sRodwh? thie [Csintot pilBPERARASs 2
(and the-shareids eantrot ehantiets) ares trarsmitted droml & first antennseant ahe

second anfennaof.a, 5 rapsiter (radio:base statiom)ihe.commonpilal on1y

channels are used by all mobile stations. In addition, the dedicated
two reception antennas, leading to throughput that can be

realized by only the two of the four transmission antennas.
In other words, if the mobile station has only two antennas,
use of the four antennas in the radio base station cannot

20 contribute to an improvement of the data transmission
efficiency. From this point of view, a way of transmission
from the radio base station is changed in accordance with
the number of the reception antennas provided in the mobile
station in the fifth example of the present invention.

25 It is assumed for simplicity of explanation that the
mobile station has two or four antennas and the radio base
station has four antennas, although this example is
applicable to the mobile station and the radio base station
having any appropriate number of antennas. 1In this example,

30 the common pilot channels and the shared control channels
are received by any type of mobile station and the dedicated
pilot channels are received by the mobile station having the

four antennas.
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pilot channels are transmitted from a third antenna and a fourth antenna.

The dedicated pilot channels are used only by a receiver (mobile station)
having the four antennas. 10 FIG. 14 shows an example of a channel
configuration when the frequency band is divided into plural frequency

blocks or chunks. One user can use one chunk or more in accordance with
transmission contents (data size or the like) In the illustrated example, a
frequency chunkGt is sedhbyaSigaisey Zand & frequendy lstmie? Basedibyg

a userd Ehﬁ&%am%u@iI@ﬁF@w%&a@eﬁhe ﬁh@é@@mﬂtrolwmmm thee
Ieadlng slot of the T'[I etranfml ted frg flrstdand the %f annels o
transm|55|on aﬁtennas second ym 0 eyoncf N ﬁe requency clluunﬁ
2 are &@Wﬂréﬁ@ﬁﬁﬁﬁ?@%ﬁa@d@ét@%%n@@t@tﬁ@%@éﬁ 13mddRg oy 2

the twe mgmasc&iherga@@rlﬁla%)@rmgﬂ@lnbeyom@léndbﬁﬂ&qpem@y chunknd s
are used to tl‘aél%mlt @f %ciatedtpl ot channqs fr%{g R}vthwd %nddgg]elﬁated

fourth antennas to"the user avmgt e four antennas. With'this throug put
can be@improvelPfor e uzer 1tad e P dséF 2MFRG L8 SRowstseverapnd 2
multiplexing: methodsraboutithe cammengailetichannelsnHeowevere iasiotisonl y

multipleying Joethads.ratheshan e shown metheds e aaplcable.to ..

examp & of the present invention. In a method 1, the common 3 0 pilo

difannels are ﬁﬂﬁ’npléﬁeéww?fheeﬁ'éﬁﬁéﬁcy?fdl?eéifb?fl%cﬁ%ﬁb%bﬁﬁﬁ%on
to the mmdtiplexingrmethed cshawn dn FGd 141 ed methodo2 ithelcamarency

pilot channels are myliiplexedjpdhe dime and thed r%%‘ée%%ﬁ%e%@%r%“ 1

a method 3, the common gllot channels are multiplexed only in the time

directi6AcSESARTHTe"63 DoWHINR pidt CRAFHEIS BaR Beidided ity thee 1ike) -
common 5ipilat thashetsandd4hedeticate dfpitotchamnelé.ubire tosmored by

Ritot channels rpay he trapsmifted by the Sactor beanLohadyy a user 1. The
common pilot channels and the shared control channels in the
leading slot of the TTI are transmitted from the first and
the second transmission antennas. A second symbol andbeyond
in the frequency chunk 2 are used to transmit the shared data

20 channels to the user 1 having only the two antennas. The
second symbol and beyond in the frequency chunk 1 are used
to transmit the dedicated pilot channels from the third and
the fourth antennas to the user 2 having the four antennas.
With this, throughput can be improved for the user 1 and the

25 user 2.

FIG. 15 shows several multiplexing methods about the
common pilot channels. However, various multiplexing
methods rather than the shown methods are applicable to this
example of the present invention. In a method 1, the common

30 pilot channels are multiplexed only in the frequency
direction, which corresponds to the multiplexing method
shown in FIG. 14. In a method 2, the common pilot channels

are multiplexed in the time and the frequency directions.
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multi-beam due to a fixed antenna weight (a fixed beam pattern) using plural
antennas. When the multi-beam is used, the entire sector is covered by a
predetermined number of 10 directional beams. (Pilot Channel) The common
pilot channels may be used to identify a sector to which a user concerned
belongs out of plural sectors in the same cell. All the sectors in the same cell
use 15 cell-specific scramble codes. The common pilot channels may be

used fércelrsearsh or hardovenar forineasirameht ofr eferehee Jeveldrenly
adjacemnt cells/sectprsqin-addition, the common pilot channels may be used
for quality measurement to obtain c@g}gggl Elejaléty information (CQI) for the
purpose 20 of scheduling in accordance With instantaneous channel quality.
The CQI may beiaddd ¥or exadmphe lih arsagapthe dirikicestran Thé ko maiern
pikt chanrelscmayrka ysadifen hannel estimation ©f-a physical chanselommon
transmltt% tby tpe segtsormbaearg or.the multl-t%c—:'e%{nb 25 ‘[lhe dedjccg};eg gllot

: t t
channels maycbea?rgﬁsmltteg byethergggt%lr%eam of the multi- eam, o?%yoarn @

adapti& behnk @b aptive hrettibhafBeam) Produtéd daplivel/ o @aeham
user. Hae adaptivesdirgctionakbeam anckthe direetioniad beari nchadeddm e,
muiti-Beam ge the same In thay the peams 39 haye asifang.anlenna gainn -
a particular direction. However, the directional beam is produced at a fixe
WeighCiwfereasthe Wsightof the adaptive directional beam is changed in
accordenceowithteapasitipn of the mobile station. 25 Namely, the directional

beam is a fixed direciongl bﬁf‘ﬂéé‘”gh&%é%pﬁ‘é%dﬂgcﬂg%' Reamisa i ry a

variable directional beam whose directionality is variable. The dedicated pilot
chann&RArerused {tholightistahiayS G8Ed) T aRR8rdanEe ith Bral sectors
transmissioh<haanel gudlity thatlis dependentondhe nsehor ssme cell use

QQyWOBgﬁﬁusgggf¥¥ﬁ993¥£HQQEPQQHQ@$'mFHEQ§Hmmn1pilot.channelSInay
be used for cell-search or handover, or for measurement of
reference level in adjacent cells/sectors. 1In addition, the
common pilot channels may be used for quality measurement
to obtain channel quality information (CQI) for the purpose

20 of scheduling in accordance with instantaneous channel
quality. The CQI may be used, for example, in an adaptive
link control. The common pilot channels may be used for
channel estimation of a physical channel transmitted by the
sector beam or the multi-beam.

25 The dedicated pilot channels may be transmitted by the
sector beam or the multi-beam, or by an adaptive beam
(adaptive directional beam) produced adaptively for each
user. The adaptive directional beamand the directional beam
included in the multi-beam are the same in that the beams

30 have a strong antenna gain in a particular direction.
However, the directional beam is produced at a fixed weight
whereas the weight of the adaptive directional beam is

changed in accordance with a position of the mobile station.
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transmitted by the adaptive beam produced adaptively for each user. The
dedicated pilot channels may be used to assist the channel estimation of the
physical channel transmitted by 10 the sector beam or the multi-beam,
although the common pilot channels are basically used for the channel
estimation. The dedicated pilot channels may be used for the channel
estimation of the physical channel transmitted by the adaptive beam. The
dedicaleadplivt chiadtkls aray beaiség #6r 15 thd CRPndeasurrehtertloftpren and

physicahehannet traasmitiedhy, the adaptive beant-iRIG.c16 Showsi 8Ral beam

example of a channe| configuration of the common pilgt channels and.the.
dedica 218 %(lelotdcjl‘n%lencnltejlg. r% %htey illistrated leiggngme, ttﬁl%o%?ngolncﬁ%gtd pilot

channéirarec2s mappedih Subcesifiastat predttctAfided ffctentyantervaish
inopnesymmkel ok 08e thinerslet). Qmthe-gtherdand; thepdedicated pilote user
channls are mapged i alhier suprcariers Al PIRUGIeIMIned IEAUENCY. . b
intervals in another symbol or more. By the way, the common pilot ¢ anndls

may béTRagped 25 invoResyAoE bY Piorer(Beaft) CritecBRmorepitof o each
channelsemay e dramsmitted:byctheo sectanbeam and vsedston demedulatiothe
of the Bﬂxﬁ'ﬁéﬁ‘?@%@@ﬁatr}ao"n*e!éfffoéﬁ%epc@ 5‘8%]?5%%‘%'9813 q reception 30y,
synchronlzatlon. In addition, the common pI ot channels may De transmitted

ftém a"MMO Yesed raRsmittéts Mordover St dedicated phofchafifiers friayt

be additianaky eseddm accosdance swith the tuser on the environmentism as thhe

improve. 26 the.chanel.estimatipn.accuracy. When aspecific chynk used, o1
for the shared data channels is used only by one or a few users, the

dedicatéd Yot cRanrels rma§ b&a¥ditichally" (888 Sih abEarddhcetwith the the
transmassiphienvireamentBi¢héauserd éal moving velocity la delayospread] dor

received Signalgoslnterierence plusNoise pawen RAO(INK), OF 106 t tea by
the adaptive beam.

FIG. 16 shows an example of a channel configuration
of the common pilot channels and the dedicated pilot channels.
In the illustrated example, the common pilot channels are

20 mapped in sub-carriers at predetermined frequency intervals
in one symbol (or one time slot). On the other hand, the
dedicated pilot channels are mapped in other sub-carriers
at predetermined frequency intervals in another symbol or
more. By the way, the common pilot channels may be mapped

25 in one symbol or more.

(Beam)

The common pilot channels may be transmitted by the
sector beam and used for demodulation of the physical channel,
namely for the channel estimation and reception

30 synchronization. In addition, the common pilot channels may
be transmitted from a MIMO-based transmitter. Moreover, the
dedicated pilot channels may be additionally wused in

accordance with the user or the environment so as to improve
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like) , thereby further improving the channel estimation accuracy. In a
multicast/broadcast channel, the dedicated pilot channels are additionally
used taking account of a user 10 in the worst transmission environment in the
cell concerned, thereby improving the channel estimation accuracy. On the
other hand, the reference level measurement for the cell-search or the
handover and the CQI measurement for the scheduling, the adaptive link
controk ot tHealikes are sl eartrieehodt pringipally Usiag theeomrhon pilotnk used
channels:meye bercarded Qut supplementarily usingithendedisatedpilet: o few
channels. The C%% e%]lpll tc anqu%‘ I’TE:I ImeEsed for dem#ju%atlon fthe 2 ed
physmafcﬁaﬁn ?ransm’%tedeby the mutti-beam, nam%ly 20 hé chanhet
estima%i@r@ﬁﬁélféééﬁﬁoﬁﬂs%c‘?ﬁén&@ww aéiamm\fdsr%mh@r@a&f Viftethie e r
sector heamudhe ggdicaterh pilet,charhelsqnay pe a@lp'tt@ma,lly used ifeceived
accordsance \ivlt@othﬁ%ser errtehe envhronrﬂent there@él apﬁrowr}% %Fhann%lhe
estimatio accuracy. On the other ols he re?e}?ence level 25 measufement
for theldéirseareROFthe héHééUéFaﬁ@Hfé’@QIg meaBurementfbr fiig-imation
scheduling, :theadaptive link 1conteod £ Of the dike arecarried ]O,uttpfeﬁ’l(biﬁaﬂy':ated

using el%% ’HQ”A%"P% &hé%éﬁ[éé‘“gn@ﬂ be C@&“teé"ﬁ%t supplementar I!a}/user

using the dedicated pilot channe When there are a large humber of 3
rhtilti-beamadn ' thesSahte Bell Lsifot SR GRerces foohé dsedtor Cl%léhtﬁ?ﬂﬁ@eamed
beam thwhicl, aiparticultat xisetdbelbags nay she re-tised indbersame callh the

thereby reducing, the numper of, the pilot.sequences to be ysed. 27 FIG, 17, .

schematically shows the pilot channels transmitted b;rt/nthe multi-beam. In the
illustratéd exafipie! fRfe ditecliBRarBEanis fixet beam patiernsy aretused. Ae
pilot seqientd isre-usetbyatiep direetional beamstthat areos direetedike are

I@ggelycgigfg{%@t 915@‘389%@{%%6219“9&%b@r?é“éommon pilot channels may
be carried out supplementarily using the dedicated pilot
channels.

The common pilot channels may be used for demodulation
of the physical channel transmitted by the multi-beam, namely

20 for the channel estimation and reception synchronization.
In addition, as is the case with the sector beam, the dedicated
pilot channels may be additionally used in accordance with
the user or the environment, thereby improving the channel
estimation accuracy. On the other hand, the reference level

25 measurement for the cell-search or the handover and the CQI
measurement for the scheduling, the adaptive link control,
or the like are carried out principally using the common pilot
channels and may be carried out supplementarily using the
dedicated pilot channels. When there are a large number of

300 multi-beams in the same cell, pilot sequences to be used for
identifying a beam to which a particular user belongs may
be re-used in the same cell, thereby reducing the number of

the pilot sequences to be used.
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Since the adaptive (directional) beam forms adaptively transmission beams
for the corresponding users, the dedicated pilot channels are used for the
channel estimation. 10 In addition, the common pilot channels may be used

in addition to the dedicated pilot channels in order to improve the channel
estimation accuracy when there is a higher channel correlation between the
multi-beam transmission and the adaptive beam transmission. On the other
hand, the refeféfice 15/levethraasuremeht fof tieveellSearch oFthe Hardovers

and the-&Qneasdremeantdanthe schegulings the adaptiveslink contedlagpe,
the like are carried out principally using the, common pilot channels

s by 1 SAEF Do IR e hicBaant S0 FIc s Ehowahd 2
pilot cRarrélsStraRShitied by the! agdapive-diveeiicralbedn !l (PRef'Ehahmklare

Canfiguration)ethe gomaia: pilotcharsnels.and the dedicated piloly charnels ve
may b m%ltiplexed periodically in every TTI. 25 Depending on the user and
the environment, the dedicated channels are used so as to improve the

channel estimatidfc dctaIrETR WHEn (GHe BREAR TS bsdtPeRchisivel\PBy ohevsrl Y
several tises(s) segarding dhe shared data ehanpelsasderd siigatiors of ,for the

examp %dﬁiggt@%“l‘%’o@ ar Qﬁndeeﬂﬁya:’f% SEad o Aexfremely low %‘L\'IQ'& on.

the dedicated pilot” channels are allocated in addition to the common pilot
cHannéRs Afététy endbiinG deearake charftet 2afintafien. 1 #hed in addition

multicast/broadcast channel, the dedicaied pilot 28 chaimnelsareiugetirne the
addition, ta the,cammon pilat channels,. fhereby impraving %S%ri%%ae'liy&{éﬂﬁel

user which has had the worst quality. Additional user-dependent dedicated
pilot chahhet ffofthatitit iFthe shared datd charfeld 1§ prvided BhyPad the
controbsignaling thannet.ahserefere; by usimg nsose hpitot sybalisdn-kofiverence

@%ay§%@®HOHQQQ@PéM5ﬂEYfOI the cell-search or the handover and
the CQI measurement for the scheduling, the adaptive link
control, or the like are carried out principally using the
common pilot channels transmitted by the sector beam and the
multi-beam.

20 FIG. 18 shows the pilot channels transmitted by the
adaptive directional beam.

(Pilot Channel Configuration)
The common pilot channels and the dedicated pilot
channels may be multiplexed periodically in every TTI.

25 Depending on the user and the environment, the dedicated
channels are used so as to improve the channel estimation
accuracy. When one chunk is used exclusively by one or
several user (s) regarding the shared data channels under
situations of, for example, high mobility, a large delay

30 spread, or an extremely low SINR, the dedicated pilot
channels are allocated in addition to the common pilot
channels, thereby enabling accurate channel estimation. In

the multicast/broadcast channel, the dedicated pilot
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demodulation of the shared data channels can be realized. In the
multicast/broadcast channel, additional environment-dependent dedicated
pilot channel information 10 is provided by the control signaling channel

based on the user quality in the worst environment. By using more pilot
symbols in lower delay conditions, a high quality multicast/broadcast channel
is provided. The pilot channels may be mapped at higher density 15 taking
more adcourt bf thefregaenéy dotdainiiathéeptivas themtime dodrincMuoreels,

pilot charnels mayhe alacatecin the: frequercyomain rathesthaad e the
time domain. Na e.I;E, the ]%gllgt ghangcil density ma%]%e Qth&ar in th

frequevﬁ%?’citorﬁ[gi% than in 't eﬁmleoaomalfr?.eﬁltﬁgﬁ)gnc annel” d&ﬁaﬁgngllnmt

20 thedlime somaitf ATighitbe Tess sigrificant ahetrte TTaIeRgth 1S reletivened
short, #js expestecbthas the ghangek fluctuationg etherfseguency demainmore
become significant due ta time dispersiveness in the frequency selective . .

multi-ﬁjaltﬁ di i%ﬁfﬁ%ﬁef& rré, i(fEL %Wr%%redaeg\?éfntacgoeno us t%)(%lg riseﬁ/ll% ap %%atﬁéty

pilot cH&AREIS tR&A 8 dVidelthe Pitot eRafineR iffe stb-Eafists¥6r aRcdatisit -
according to atd&M meﬁm;iclﬁ)&wma@@@ioamﬂor EBMah&é&d multipdexing onal
may be employed, By garrving oyt sfaggered mapping frm the fop of the Tk,
In the staggered mapping, channels are mapped at 30 predetermined

intervals i’ 6AB tiRE : WI’Feréﬁ%H@%h%ﬁ%PsléF@nfébﬁ%‘beét fpesed on the
predetesmined intervalsrint different frequenciesémathemimesslots ras- showrno t

in FIG ¢ 16, Jfie cqmman,pilot C*@ﬁ‘%‘ﬁ apd the dedicated pilof, 23, channals..

may be 'mapped in each TTI in accordance with the staggered mapping. The
commBHPibtRRANAERANGT Ve AT highly HEfeigrtally before the
dedicated charinels \When cthenpidtchaspels-areamappedat theltep ofleash ty

TEl, atleasts 'i’RS’IfQ"QW&I’&%I@E’V@P@QESQYQ?%%%-d\é{&‘?{h”l%‘éﬂ'%‘fojchan the

signaling channels are mapped at the top o Tl along ,
time domain. More pilot channels may be allocated in the

frequency domain rather than in the time domain. Namely, the

pilot channel density may be higher in the frequency domain

than in the time domain. Although channel fluctuations in

20 the time domain might be less significant when the TTI length

is relatively short, 1t 1s expected that the channel

fluctuations in the frequency domain become significant due

to time dispersiveness in the frequency selective multi-path

fading. Therefore, it is more advantageous to densely map

25 the pilot channels than to divide the pilot channels into
sub-carriers for allocation according to a TDM method.

TDM-based and/or FDM-based multiplexing may be

employed by carrying out staggered mapping from the top of

the TTI. 1In the staggered mapping, channels are mapped at

30 predetermined intervals in one time slot, whereas the

channels are mapped at the predetermined intervals in

different frequencies in other time slots, as shown in FIG.

lo. The common pilot channels and the dedicated pilot
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with the common/dedicated pilot channels, the control signaling channels are
reliably demodulated by accurate channel estimation even under a situation
where channel 10 quality fluctuation takes place due to various delay spreads
and Doppler frequencies. When the control signaling channels are mapped

at the top of each TTI and no traffic data are transmitted by a chunk (namely
when only control signaling bits are transmitted) , it is advantageous that

user IBegoipherefUBErpaForns efficieAttydlitireceptione FIGNT9 shiows the

an exageelfgefr@&oa&mﬁgthe @emmeﬂdp&@o@eemse@ pilohghamnelspped
FIG. ZQA rlows Si ulatlonr 55% alne %cc rdance WIH’] an exam pé\?hen

of the prégsen% |Rvent|5r$ n|tr_'llwh|c a relations Ip ﬁeﬁlveen energy per

symbotpeiPidisé pOwRR Shéciizt demsig(ES/NOT dritPtRioagiiput TThréé Kifas t
ofs plotshin HEL Q&Aegrremg@eiﬁn ulationskesults pbtaimedn by threeontrol
numbers N 1,2 oftme slots to be ubje o the stagger

e e S e ot thT along
corres}ﬁbﬁamg‘@@ Nﬁ@m@w I GreasRowrPhlPIG. 20BR fédFectivély. ACCtivEeCL
with operyel Clesy indhKz.n20A shews the relatiopnship aiiNsigsQ; acuae-withte

hatcheq}] %Ig sgg s the relatiopship at Nstg=1; and a« iLu(g}{e w\@{gr%qgogggmel

circles shows t e re tlons Ip at Nstg=2. A 30 moving velocity at which a
rhBbile?Satibhmb\es|is Asstmea el PoE Kiim 1P thesé Siautatens Shy eads
FIG. 20Ad asthestime shatapimaber Alstg to ba«cubjetted totherpilot syribel ing

mapping . 3 0¢Leasgd. 118 farpughpug Is %Eq%rf”boié?}{e%‘ﬁ’hé% 3Indicates .

effectiveness of the staggered mapping. This is thought to be because of an
improvet- ftaéésbifit?8rthet thAnhel Bstimation iAIRE & domanlih g trot

mappiadganethiodhds the eormmoarpitot chadnels and &dthendedicated filot user
ghannels, (?6 Plet S(XIEP%%WJ?& digseantinyusly, allocated inthe .,

frequency maln and
FIG. 19 shows an example of allocation of the common

and the dedicated pilot channels.
FIG. 20A shows simulation results obtained in
accordance with an example of the present invention, in which
20 a relationship between energy per symbol per noise power
spectral density (Es/Np) and throughput. Three kinds of
plots in FIG. 20A correspond to simulation results obtained
by three numbers (Ngg=0, 1, 2) of time slots to be subjected
to the staggered mapping of the pilot symbols, respectively.
25 Channel configurations corresponding to Ngg=0, 1, 2, are
shown in FIG. 20B, respectively. A curve with open circles
in FIG. 20A shows the relationship at Ngy=0; a curve with
hatched circles shows the relationship at Ngg=1; and a curve
with closed circles shows the relationship at Ngg=2. A
30 moving velocity at which a mobile station moves is assumed
tobe 120 km/h in these simulations. In FIG. 20A, as the time
slot number Ngqy to be subjected to the pilot symbol mapping

is increased, the throughput is further improved, which
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time domain. For example, discontinuous mapping along the frequency
domain of the OFDM symbols may be employed. When the pilot symbols are
allocated in a discontinuously 10 dispersive manner in the frequency domain
and the time domain, the following advantage is exerted. First, since the
sub-carriers that are allocated to the pilot symbols in the frequency domain
are thinned, a reduction in data transmission efficiency, which is caused by
inserting dhe A 5pilstisiamibalss ean beo préventetawhie fite BARRABDestifTatidn. s
accuragydsdept comparableawith the channelestination accusacy realizedne
when %t}leasub-faéréetrlsmaartei%%t tri1innrﬁﬂe. ,@Ill(r)n%zattg%r%n amount in the time domain

is reduced. Transmission power of the common pﬁotnéhannels needs to be

20 changed dépemtingtPatargetesifradiusin aaratedap celblahaviked. and
Therefore, thepilot symbplsiare thimnesk insthedrequencydomainonamehithee
pilot symbols,and gihen shannels.are multiplexe and ransmilled N o _cne
same M sym oTs, there y maintaining overall transmigsion power and

25 fleXiBRICIRTARG thektPan SMisEidit poihiet Githé BommdrRpifot éhanfsrs. the
<Exampleafz=htanexample 7 etihepresenhibvention,theresisp desedhediaen

methogh%“”%”q89“0%%%@‘1% quenees In 30 sectots of the same,gell o,

site. This metflqu can be employed not only between plural sectors, which
are indhded i Al Bt 138 betvéeR TEN8 Cin ConvehtmalteCDRmdcnain,
scramblirg opedetmed asingrdiffgeent spreadingecndes fardiffereni ride the

sectors; 3 recelyed signalis sgrambled by the corigsponding SGRAMBIE i 1 the

codes so as to produce the pilot channels; and the channel estimation or the
like is PEFBIAREY Sirtd'the” schdifible Code€hictPare Gifferéritin eath data
sectortarerdetermined af tandoy therpilohchannelsaré interferedwithoduéie

t?éntefi@?g@ i@%ﬁ%@?%ﬁ@ﬂé%@ﬂ@%@%ﬂ?ﬂ% the channel estimation

accuracy 1is kept comparable with the channel estimation

accuracy realized when the sub-carriers are not thinned.

Allocation amount in the time domain 1is reduced.

Transmission power of the common pilot channels needs to be

20 changed depending on a target cell radius 1in an actual

cellular method. Therefore, the pilot symbols are thinned

in the frequency domain, namely the pilot symbols and other

channels are multiplexed and transmitted in the same OFDM

symbols, thereby maintaining overall transmission power and

25 flexibly changing the transmission power of the common pilot
channels.

<Example 7>

In an example 7 of the present invention, there is

described a method utilizing orthogonal code sequences in

30 sectors of the same cell site. This method can be employed

not only between plural sectors, which are included in a cell,

but also between cells. In conventional W-CDMA, scrambling

is performed using different spreading codes for different
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sub-carrier and sub-frame are the same in the sector (inter-sector
interference) . As a result, it becomes relatively difficult to perform highly
accurate channel 10 estimation and cell search, or it takes more time even if
the channel estimation and the cell search can be performed. This results in

a disadvantage especially when the mobile station requires a fast hand-over
or moves frequently across sector boundaries. In regard to this point, it
seemss£5 possible e rMprove Sighad fudligtossome exterithindergesponding
w}ulti-migéw@nk%&é&ﬁmi@m@ﬂpbycﬁxc?el%@fitﬂ?@F@frl;\énm@mﬁ m@izlattae
channe| downlink and eliminating the need.for multiplying the data channe

by the ST AHble Cove HoNGTer FSitis the blot cha ok A lngea by T
the screBlECésdeS ZRthat'arecHifférent fot eeRhcsdctorin 6/ taRtpGuUISKHS
the seatorsrecepiionqualities pfithe pilatehanaealsare dvet substantively with
improved ngg)chm Iéers_gtgl(ljdifficrqttfr] e@i@%lcyeac urate Eﬂgnnsel egg%ati%]lgge
the Iike.u‘léhe sevent examﬁe as been contemplated in view Of such a

disadvartage 25i&id diretted B df iiSrodetneritst ret@ptiont §ualities GrmeCT
pilot channelsis QDM methodrdewnlirk. Accoergling torthis example, becomes
sector}s&@cifiqugghogpr}ag. equences are fjggg i%t %Pilot chan eé%in

addition toa%lell-sp%cifi%: ortho onarl‘f (:oc%sequencel;i.a.I With tah(%;htﬁ% 30 p(iiklloatnnel

cfann8Rarepreventéd froft befifirterfered front Hfacarrsedtoreinther +f
same cek Sinoensuch dntatsector dnterferened is prevenieth thecchamntelrmed .

estimatipn accuracy can be improved. improvement.ofithe channel e nopiie

estimation 32 accuracy is advantageous in concurrent transmissions related
to a faSt-§&dfoR SEEEHGT aritl SofttcBMIRMGS EIES. FEASEHSmatEAIly ShowesS
use ofsepitotrsefuende rarbhogonah betagendsectors forsbeamis) accatdingetons

this 5.example-Adermipal dhat isiio-perform hapdover abasectoredoe £an, o

peﬁoqm}?g;jggggﬂgf@ggﬁggggggpgﬁgqﬁéggggg by employing the OFDM
method in data channel downlink and eliminating the need for
multiplying the data channels by the scramble code. However,
since the pilot channels aremultiplied by the scramble codes

20 that are different for each sector in order to distinguish
the sectors, reception qualities of the pilot channels are
not substantively improved, which makes still difficult the
highly accurate channel estimation or the 1like. The seventh
example has been contemplated in view of such a disadvantage

25 and directed to an improvement of reception qualities of the
pilot channels in OFDM method downlink.

According to this example, sector-specific orthogonal
sequences are used in the pilot channels in addition to
cell-specific orthogonal code sequences. With this, the

30 pilot channels are prevented from being interfered from
adjacent sectors in the same cell. Since such inter-sector
interference is prevented, the channel estimation accuracy

can be improved. Improvement of the channel estimation
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on the pilot signals from two base stations, thereby enabling high accuracy
and high speed channel estimation. For example, a user #1 existing at an
edge or end of a sector (hamely, 10 a user that is to perform the fast sector
selection or the soft-combining) distinguishes the sectors by despreading the
orthogonal sequences so as to enable accurate channel estimation. A user

#2 that is not to perform the fast sector selection or soft-combining can use
each pilot syathol (or A5 tekescactount o the ceflrspécific Shdier thes related

sectorspecific.arthegenal.cade)«sa as 10 pedfosmrthechannelngstimation.

FIG. 21B sho%@@ pgq%channelagcener%[on ortlon used %n a traTsmltte sence
according to this example 0 ﬁ1e presen invention. The transmitter is

typicalfyr & radirBase stationn The pilot ehalfiel genreration seriidnificltdes ats

pibt seguepce portiare 24024hat psevides a pitat channel Sesence; & sector

scrambl& code ortlo 2104 hat owd ascram le code an. orth ong
ornlt.es 10n CO sed

code por on 2a that provi erent sprea |ng sym ols for ona
codespfofafférett seciers: 1a ﬁwmﬁpﬁé’ﬁuéﬂ%ﬁ)ﬁiﬁltzmg th%@ﬁﬁﬂﬁﬁh@%ﬁélng
scrambt@c@des;by;tlg}eaaﬁhﬂgpnab@%e@hand@reuslftipﬁaati@m portion &dakb1e,
that mg'&%‘g? the piloy 59%]%48”8% by, an.guiput from ; the: multiplication p %%'Qﬁy,
2108. The pilot sequence has been 30 known by the radio base statlon and

the mcbiksstatiohe The® skrarfbid ebleties iféirﬁibrﬁesce*d{ﬂén?f‘élt%cﬁéon or the
commenlfusethby nplusal sestoragthelosthagenat codes akeddetprmainechiprhe

each 8?%%&811%%” hegiheganal with one gnathey, 33 FIG. 22:$00WS 8 hne1

specific example of the orthogonal codes multiplied on the pilot sequence.
As sh&iih, 85deLdichted By (d, Tt 15172 E15A PSy Bp&Miappedat sector
intervals b¢ cariesubzcamiet e angeicton#leadeséndicated by, sipbdl -1pr,

351 Lales-) aremapped atjptervals.of one ;subsgaprierin a seeler #2; angdy o
codes indicated by (1, -1,
sector- speCLflcorthogonalcode)soenstoperfomnthechannel

estimation.
FIG. 21B shows a pilot channel generation portion used
in a transmitter according to this example of the present
20 invention. The transmitter is typically a radiobase station.
The pilot channel generation portion includes a pilot
sequence portion 2102 that provides a pilot channel sequence,
a scramble code portion 2104 that provides a scramble code,
an orthogonal code portion 2106 that provides different
25 spreading symbols (orthogonal codes) for different sectors,
a multiplication portion 2108 that multiplies the scramble
codes by the orthogonal codes, and a multiplication portion
2110 that multiplies the pilot sequence by an output from
themultiplication portion 2108. The pilot sequence has been
30 known by the radio base station and the mobile station. The
scramble code is a random sequence to be commonly used by
plural sectors. The orthogonal codes are determined for each

sector so as to be orthogonal with one another.
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-1,1,1,-1,-1, 1, ...) are mapped at intervals of one sub-carrier in a sector

#3. These codes are orthogonal with one another. 10 FIG. 23 shows another
specific example of the orthogonal codes multiplied on the pilot sequence.

As shown, codes indicated by (1,1,1,1,1,1,1,1,...) are mapped at
intervals of one sub-carrier in the sector #1; codes indicated by (1, ej2/3n
e-j2/3n 1, ez/3n e-12/3n 1, €j2/3n ... ) 15 are mapped at intervals of one
sub-carrier in THé settor#27 sandreodesiindicatedlisy(l Lo 23t ei2/3nagl, codes

e-,2/3mejd/3p 1L «2/3R, the e1vapRedativdervals efone subsearienmithee q
sectorb#3. §uc coges can belortE]og9naI Wiéh one anothee:r aFJcGi rg4esrklfoa sa .
corresp%n ehce'relationiship bétwéen 20 th scrambie %o(gles and the

orthogenal evlesamrtherillbstrated ekample ; 40 &ibscariers are dssuniéd iml,

ary available channel bang and, various types:@fslata ase assaciatedsvidr thee
coresponding. sy cayrjers so as o performransmission according loffie
OFDM method. It goes 25 without saying that the illustrated numera are just’
examplés. The éhannel band fray-be the &ftifABa”E availabies ty e systee
focused.ohcarrene chimnk. bethetustratethexamples the serantble £oeelisvith
expresosI{:‘ed hy 40,data sequences and mapped to the corresponding
sub-carriers. In tﬁe drawing, 30 numerals 1 through 40 related to the

ddtamble cod& Express thehcotfes tiat dotipose e Sérambietsds. TRE the
scrambleceade rinlasetondline ip Fled bistshiftedl by ererirdividual xode own,

from the, scrample code in g first ling, since the scrample ;34 code 1$, o 5ppeq
transmitted so that the correspondence relationship is shifted by one
individUal dOdE i e freéduetity 48 diredticiT. althodgit the o Scrahible©des

codes isedcarectheosarie. Mﬁfﬁ“this_,‘_ 5/§i‘gnal,ir1eﬂﬁé3fr,¢@ﬁ]é2r_ﬂé‘§/, axis diréction. . )
‘é";ﬁé be, 5.ayeraged out; In the, specifie gxamplg described inreferencedo, 4o,
" and codes indicated by (1, e 3%/%%, g12/3m 1, e7i2/3m  g32/3m 0 q,

-52/3
e32/3m

.) are mapped at intervals of one sub-carrier in the
sector #3. Such codes can be orthogonal with one another.
FIG. 24 shows a correspondence relationship between

20 the scramble codes and the orthogonal codes. In the
illustrated example, 40 sub-carriers are assumed in an
available channel band and various types of data are
associated with the corresponding sub-carriers so as to
perform transmission according to the OFDM method. It goes

25 without saying that the illustrated numerals are Jjust
examples. The channel band may be the entire band available

to the system focused on, or one chunk. In the illustrated
example, the scramble code is expressed by 40 data sequences

and mapped to the corresponding sub-carriers. 1In the drawing,

30 numerals 1 through 40 related to the scramble code express
the codes that compose the scramble code. The scramble code

in a second line in FIG. 1 is shifted by one individual code

from the scramble code in a first line, since the scramble
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22, the scramble codes are multiplied by the orthogonal codes of (1,1, 1, 1, .
.. ) and the resultant codes are multiplied by the pilot sequence in the sector
#1; the scramble codes 10 are multiplied by the orthogonal codes of (1, -1, 1,
-1, ... ) and the resultant codes are multiplied by the pilot sequence in the
sector #2; and the scramble codes are multiplied by the orthogonal codes of
(1,-1,-1,1,...) and the resultant codes are multiplied by the pilot sequence
in the sectori#3 18 MrThid spacific examplecdesaritsed imesference te FIGn2B1P
thedsE&agn@Iﬁlim gyg mul@pliﬁa@f)yjthg@rﬁf@g@@ahﬁoctefe Ofﬂ?]ql)el}c]y .ax)s
and the resultant co are ipli the pilot sequence in the sector #1;
e SoLarE Bl e L P By B ol bt L i S5
e-71131th) hd the FesliNantcodes e Maipfed byrthes pilbt Ségdencem Pe
the segtas #2;andothe.scramble codes are multiplied by the orthogonal

codes of (1, e-I'IZII:% g'é/3en .j:gmd the reslultgirét %orcll s are muItifIied by the

) tg FIG.
pilot sequence inthe s ctor #3. 25 FI6. 25 shows an e%(%rﬁf) e in which the

commeén pifete cHarmiels ar Bftfe P ERdRnkls Afe AtlRiplidEy thecsttambrerdes
codc_a ad the orthcngoqal cade. IamBlCih%Sx&weta{etilkusq&edﬁepﬁmmmlied
portion, ¢502 that provides a.zequence for 1he common piot channgls.a . ge s
providing portion 2504 that 30 provides a sequence for other channels, a

sétamBle"cBrE “ pBPicH 2506 tat provides the SRF&mIIE ddde, an drthogomad - )
code partionn25084hat pravidesdifferenihsectors with xdiffetent speeadmguence

code sgauances (orthogonal godes)..a ;33 multiplication portion 2plothat 4 1,

multiplies the scramble code and the orthogonal code, another multiplication
portiort 25 23 thagimiftipiesi e dhtd'seqdence fot the: othérchahfiels By &A™t
outputdeaiathermultiplicatioreportion 2510, 1a yet Scarother muttiplicatioror #3 .

Raytion 2514 that myltiplies the, pilot sequence by gn.QutppLirom e rrg. 23,
multiplication portion o
the scramble codes are multiplied by the orthogonal codes

of (1, 1, 1, 1, ...) and the resultant codes are multiplied

by the pilot sequence in the sector #1; the scramble codes

are multiplied by the orthogonal codes of (1, el2/3m,

20 e 323" ) and the resultant codes are multiplied by the
pilot sequence in the sector #2; and the scramble codes are
multiplied by the orthogonal codes of (1, e 32/%%, 32/3n )
and the resultant codes are multiplied by the pilot sequence
in the sector #3.

25 FIG. 25 shows an example in which the common pilot
channels and other channels are multiplied by the scramble
code and the orthogonal code. In FIG. 25, there are
illustrated a providing portion 2502 that provides a sequence
for the common pilot channels, a providing portion 2504 that

30 provides a sequence for other channels, a scramble code
portion 2506 that provides the scramble code, an orthogonal
code portion 2508 that provides different sectors with

different spreading code sequences (orthogonal codes), a
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2512. As stated above, the scramble code is commonly determined for the
plural cells, and the orthogonal codes are determined so as to be different
(orthogonal) for 10 different cells. In the illustrated example, the common

pilot channels and other channels are multiplied by the same scramble code
and the same orthogonal code. FIG. 26 shows another example in which the
common pilot channels and other channels are multiplied by the scramble

15 codeandrhé erthogonabesdenLike Huntdrals arel givehitoelémentsangle
companetisthatdrave @&Wrﬁqeacdpescrib@d;ifb feataneﬂqeltpclélﬁo%wek ion

repetitive expla atlo om|t d. In FIG. 26, there d|t|
iIIustra% 56& % Igéc%n scréDmEFe ctg%e %%Ftlonezgébeznan a'mu |p [gho%/%%ar o5 1s
2604 Z0/tht multipliés AsEtohtsscrambie cbde byrthersriidgonal Thile. a‘l’hé‘Et

(fiest) seramble cade Mu@@gégﬁrp%@itﬁﬂbﬁ (first)a SQﬂ@iﬁh|@l@Dﬂ@§@lQ% the

common sed b theeD%Jral sectars. In accor nce%z\L/ predcetermlne
an o Ll rom 1Cation lOH
rule mgtruc dsgi; the first ‘scramble code portlon & second scramb

code pottién 252802 bafists axeednd %EPan‘?é}é%}%éeto ﬂ@@?ﬂul‘t‘rbh@é’(%ﬁmly
portiori2604mTheoutput fram gieuruitiplication perdionh2604 is sauiiplied dye s

the daga§ %eycgmf%g crghamely, [FOugnae ComORRAIdionat)  cor

channels erefore, other channels are mutlpll y the second scramble

cdtle éﬁd@?fé@@%rt%%bbﬁal cofe, \WReressthe cofmotrpist chanhifs &emmen
multipked by the:finst seramble iode andrthe lorthegonal cade i Mithythiscthame

comman pilef e0anpgls arg distinowished fram, gier chanpels by their

spreading codes. In this example, 36 since the second scramble code may
be derived froﬂ?ﬁwe%ﬁs?hé’c‘ffﬁrﬁﬁ%t@&ifeeﬁ?é“ﬁéﬁﬁﬁlt‘t’@ll%téﬁslﬁp%ﬁfbﬁf&TOt
any chaaneldsfamas thederivationalle srknownht E}G1i24d showsa scramble

cambination of the fpegifie ples 3 shown i F1G%.2p.and 26 WIthault +

being limited to the illustrated combination, any combination of channels may
be elements and components that have already been described 1n

reference to FIG. 25 and repetitive explanations are omitted.
In FIG. 26, there are additionally illustrated a second
scramble code portion 2602 and a multiplication portion 2604
20 that multiplies a second scramble code by the orthogonal code.
The (first) scramble code portion 2506 outputs the (first)
scramble code to be commonly used by the plural sectors. In
accordance with a predetermined rule instructed by the first
scramble code portion 2506, the second scramble code portion
25 2602 outputs a second scramble code to the multiplication
portion 2604. The output from the multiplication portion
2604 is multiplied by the data sequence for other channels
(excluding the common pilot channels). Therefore, other
channels are multiplied by the second scramble code and the
30 orthogonal code, whereas the common pilot channels are
multiplied by the first scramble code and the orthogonal code.
With this, the common pilot channels are distinguished from

other channels by their spreading codes. 1In this example,
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employed as an example of the present invention. The illustrated

combination is advantageous in that the shared data channels whose
spreading factor may change can be easily 10 distinguished from channels
whose spreading factor is kept at a constant level. In addition to the
above-mentioned suppression of interference in the pilot channels,
transmission power of the shared data channels may be adjusted. 15 FIGS.
28 (A)s By (A)shewzighakrateivied byatertdin deervEIGI28(AfFBholvsrat
signal {desired signad)lto he deceivedbtacertaimusarsfrom asellof arsectany
to Whi%h a}ge user is gognggtetq.leln <gkh%Q{_awi.n(Cg)]d trg%i)élogts:h%gg%lnis illustrated
higher tﬁan?ﬁe data channel sincethe pl%FZ channelis transmitted and
received with higherelegtit! poweriiainthel @ateCéh&fvels FIGL 28(BF 5RORESS
a signah {ren-desired signat) thatisawt the desied signaldon the: user.ctheche
non-desited signal indicajes a signal fram acel, (ora secton towhieh e, 1.
user is not connected, and is an 5 interference S|gnaf)to fhe desired signat.

In thisE¥%ahmIed tHeinfetfeferfedPtoSthe il dtchaRKEFiR Suppressetiisecausé e
different ortthoganabcodes are tused fog thepilot ehabnelsi ofthedesikedhared

signal ang.the, H%g@ag;lgggseogdgi}% Sangesied signal. £1G, 28(Q) pe casity

schematically shows that the 30 transmission power for transmitting the data
cHannef bt Mé Fa6io BaSE sTaFoN ftan SMsEToR owie foF the Chor-desitestP

signalxis reducedrenthe transmission is halted, so that the interference

between the dgsired signa),andJhe 37 nan-desired signalys E%%lb‘ieedsg%n of

adjusting transmission timing or downlink frequency bands between the

radio ba5e® StETEHSEr fie §E86tors Mbre 'SpREfitatly “the" Fah3mission Piser &
for thethen-glesired signal istimitedLto hdgsdthanda predetermined value.

With this, intedfepence shetween)daja chapngels; yvhieh maye a£encermin a1
theemgggﬂg FIG. 28 (A) shows a signal (desired signal) to be
received by a certain user from a cell or a sector to which
the user is connected. 1In the drawing, the pilot channel is
illustrated higher than the data channel since the pilot
20 channel is transmitted and received with higher electric
power than the data channel. FIG. 28(B) shows a signal
(non-desired signal) that is not the desired signal for the
user. The non-desired signal indicates a signal from a cell
(or a sector) to which the user is not connected, and is an
25 interference signal to the desired signal. In this example,
the interference to the pilot channel is suppressed because
different orthogonal codes are used for the pilot channels
of the desired signal and the pilot channels of the
non-desired signal. FIG. 28(C) schematically shows that the
30 transmission power for transmitting the data channel from
the radio base station (transmission power for the
non-desired signal) is reduced, or the transmission is halted,

so that the interference between the desired signal and the
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of FIG. 28 (B) , can be suppressed. Or, the user may perform soft-combining
by concurrently transmitting identical data channels instead of reducing the
transmission power for the 10 non-desired signal (to zero, if necessary).
<Example 8> In an eighth example, there is described an orthogonal pilot
mapping for MIMO transmission. Orthogonal multiplexed pilot channels may
be used in an antenna gain 15 technique such as MIMO multiplexed
transmissioAs MIMFQ diversity trapsmisBien cartadaptivetanay anfersalssion
transmissiong Qaly aswan exampledherpilptichannelsare dransaitiedhio pase
accordsir%% o (t)p% MII(\)/IP trggsmissieocr]cgggn all th%4 antennas in,the tglrlsmitte%he
’ i value

o e S e eCclIiil
This is because the pilot 20 channels are requwea}fo measuré a C

for all tHeSigihaf s Missions CAllIdve riraddwT the T erafioh- pilét Syfibots to
are thessamenegardlgss of the-numheref ttansmisston antennas; thecause ce
corres%gggin areas in cell cojx]/(sara%éfg%he d%ta channels are a%l uereed b

. a chianne € a concern in a% le
using the M? transmission. n'the lﬂ\ﬁé transmission, the channe P

estimatibrf isGmproted by drfersising Hé edicated pict ER&ABRY(IRTHE Orm
case of ofotr bsapeh Mid1Otrassmissiensthe tuaiberiofithe piloiesymbels pet a

antenng becames gueQ rt@f_o%ho?u%%‘&ecrh%f the, pilo §¥T§8'§%@§éﬁg’& the

antenna transmission). Adaptive 30 partial pilot symbol mapping
MBIVORFARSTRSSici mayd b lemployetl famdly thée pilde symbols from a

sector beam transmission mode may kenthinneghin accordance with an

application sceparlp sughas e felay spread and fie maving 38 ¥elogiy, a1

FIG. 29 shows orthogonal sequences for the MIMO pilot channels betweén

sector8 it te ca&PBf-& our Entennd! Hansrhitteh SThE Hetficated pitdt0gonal
channelslarecisect to 5 compiernent the chanbel estévationaln thetdrawingain

#L, #2, #3nanddté correspand to adiyst,a second.adhind, ad 8 ssion, mIMo
diversity transmission, and adaptive array antenna
transmission. Only as an example, the pilot channels are
transmitted according to the MIMO transmission from all the
antennas 1in the transmitter. This is because the pilot

20 channels are required tomeasure a CQI value for all the signal
transmissions. All overheads of the common pilot symbols are
the same regardless of the number of transmission antennas,
because corresponding areas in cell coverage for the data
channels are assured by using the MIMO transmission. In the

25 MIMO transmission, the channel estimation is improved by
further using the dedicated pilot channels (in the case of
four branch MIMO transmission, the number of the pilot
symbols per antenna becomes one-fourth of the number of the
pilot symbols in single antenna transmission). Adaptive

30 partial pilot symbol mapping for the MIMO transmission may
be employed, namely the pilot symbols from a sector beam
transmission mode may be thinned in accordance with an

application scenario such as the delay spread and the moving
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fourth antenna. <Example 9> In Examples 7 and 8, the inter-cell or
inter-sector 10 interference for the pilot channels is suppressed by
multiplying the pilot channels by the orthogonal codes. While such
orthogonal codes are preferably used from the viewpoint of further
suppression of the interference, use of the orthogonal codes is not
necessary from the viewpoint 15 of distinguishing cells and/or sectors but
non-ortlsdgeridlycodes may be used. However, when the non-orthogonal

code expressethy 2ogeneial sndesy sequensgds msed, cuality degrasation
of the Bﬂ%t h r]gnekl)s %aused b% the ]ifnsteri-%odten interferencg des%ribed at t,peeIma

c
beginning of Example ‘7 may be 20 & concern. On the other hand. there are

some BpEsSHT hbArorthofonaldesties it aiel l63s protsieRwti iR termissed  to
the intecepderinterfereacenconkelation) gampared withithe asawarthogenal 42,
codes expressed by the random,sequence, Sych, a hiah; orrelativy pode, o
(for example, a code that allows 25 the inter-cade interfererice to be o
averag®Withih 8A&SEBRAth of the code length) may be used to distinguish the
cells and/or the sectors. As an exarmplex@bsuctya code, there is a CAZAC

code, which is prigfly described In the folloying, s shown in E1G, 30,11, .
assumed that a code length 30 of one CAZAC code A is L. For simplicity of

éé@planjd%%? #Hisce6Ge 16RGth ENS assuriéd tﬁf@d"rf]&ip%n&%o S HRRrFET6d of Y
L samplest although thisasstumptiontis not hecessatyi to thet ppsesentl codes.

inventipn, A series, ot A samples (shawobyhatching: 39, the drawind),, tne
including the end sample (L-th sample) of the CAZAC code A are shifted to

the top/ OFtHRCEAZAC dotfe™ REandtRES ShoHEr CAZAS chies € §eREfatetSe
as showmn tihetherbottorneflFHGd386. irsthistcase; dhe CAZAC Bodes A BwWpatet

qrghoggga&Wé@im QH‘EEJ e_tggﬁqi ag zﬁl%l]/ le Oélggtlo'}s %Q@Q{}&n& é' Stho gonal
CAZAC code is orthogonal with a second CAZAC

codes may be used. However, when the non-orthogonal code

expressed by a general random sequence is used, quality

degradation of the pilot channels caused by the inter-code

interference described at the beginning of Example 7 may be

20 a concern. On the other hand, there are some types of

non-orthogonal codes that are less problematic in terms of

the inter-code interference (correlation) compared with the

non-orthogonal codes expressed by the random sequence. Such

a high-correlativity code (for example, a code that allows

25 the inter-code interference to be on average within one-tenth

of the code length) may be used todistinguish the cells and/or

the sectors. As an example of such a code, there is a CAZAC
code, which is briefly described in the following.

As shown in FIG. 30, it is assumed that a code length

30 of one CAZAC code Ais L. For simplicity of explanation, this

code length L is assumed to correspond to a time period of

L samples, although this assumption is not necessary to the

present invention. A series of A samples (shown by hatching
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code generated by cyclically shifting the first CAZAC code. Therefore, when
one CAZAC code having a code length of L is prepared, a group of L codes
that are orthogonal with one 10 another can be theoretically prepares. In
addition, one CAZAC code A is not orthogonal with another CAZAC code B
that is not derived from the CAZAC code A. However, even in this case, the
inter-code interference between these CAZAC codes A, B is not significant
comparedtidith dve ntestode A5 ihiadetdreechetwesirdifferénttfargom L) of
sequenges diigreovessdhe inter-caderinterferenog-betyeeiracoderseguenceie
compased) of part.of.one CAZAC corle A and a code sequence compgsed of;
another part of the & code A or Bis less significant compared wi the
inter-cbde ihtdrfereneé betweendifferent 20Tafddm séftehtésFepdes A, B

d@ﬂ'%@@'%ﬁg%l@?%ifﬂ% %%ACBQ%Q% E@%é%@bf_?f\a&%f@ﬁ%f With -1.
goo riodic correlation rties’, D._.C. Chu rans. Inform,
o b P e T o Ei o o C272C
sub-cH# ISR EUTRA SCROVACE DEV3EPP FR10508221 Tekdsh 2AC code.
Instrumests: kExample-10sra Examples de & anthg, thepdet chanmnelsoaf the s
desired si d the non-desj i ar ncurrently .t itted. In a
tonth SYare- he Sk Shannels of (e 30 desred signal Ancigr i ore
ASh-desiRdd signaf arePfardhfttett ¥ohh 2/ radliG Pase Statidr et 4t on, one
differenA_ﬂms:oﬁmAdﬁfgrmﬁ frequegcieslmjbﬂﬂammmmzﬁl@o@h Withat
this, the.inter-cellor the ipferseqtorintarference 40 regarding the.pllgt s, 1 5
channels can be suppressed. In addition, when transmitting the data
chann&RS6F tHe Besitedsignal® is proribRea Hifing WHIEH timé tre Pifot© codes
channels oBthesnamd_esHedrsiqnajaare bemgvtaraa_gmittedhthelhmierieree\cec&de
hetween the fesired signal.and the-pandesired signakean ReLIMhEE reover,

suppressed. _
the inter-code interference between a code sequence composed

of part of one CAZAC code A and a code sequence composed of
another part of the CAZAC code A or B is less significant
compared with the inter-code interference between different
20 random sequences. Foradetailedexplanation about the CAZAC
code, see “Polyphase codes with good periodic
correlation properties”, D. C. Chu, IEEE Trans. Inform.
Theory, vol. IT-18, pp. 531-532, July 1972; and “On
allocation of wuplink sub-channels in EUTRA SC-FDMA”,
25 3GPP, R1-050822, Texas Instruments.
<Example 10>
In Examples 7, 8, and 9, the pilot channels of the
desired signal and the non-desired signal are concurrently
transmitted. In a tenth example, the pilot channels of the
30 desired signal and the non-desired signal are transmitted
from a radio base station either at different times or in
different frequencies, or both, as shown in FIG. 31. With

this, the inter-cell or the inter-sector interference
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While preferred examples according to the present invention have been
described in the foregoing, the present invention is not limited to the

described examples but may 10 be modified or altered in various ways within
the scope of the present invention. In addition, although the present

invention has been described in individual examples for simplicity of
explanation, the present invention is not necessarily practiced as each
example bux dhedor indre bf theh Asexanysledmay beresrabihed. [Thisidition,
international paert-applicationds b@i@&i malﬁc@rm?fngQQ%QB@H%@tims;nal
No. 2005-174400,.2005-241905, and 2006-031752, filed on June 14, 2005
AUt 3355005 S FRALAR) & 2005, PeLRecbuatl WP e Taades T Ehe
Patent"20 Offigé ' Eadicicontents Dfvghichadreeredy inEbfdrated fisyrence
referenee. bk £LAIM S ek A d@NSMYSSIONappanatus 60MEISINEA signal can
multip eéi%gggieop tshgt rr%%l%gleées a common pilot 5 channel, a shared
control channel, and a Shared data channel; a symbol generation portion that
performs an iMVersé FOLRTE TEATSIEHARROR Dnothedhtitiplexed SiymaPs6 & o
generateva symbolhand aansmissioropartion that transeiitsiibe gereratedent
10 Syr‘ﬂf&%‘éf{‘&h%ﬁ'”igh%%1“'99!9%%%99!5“%5‘%8 lexesd eei*?Q%{ﬁdeSOBHQ' may
channel inc uding control information necessary for Jemodu ation of the
sttaredPBate ehanRel FrclRidiriyaPayloda ahthe'éormntort pildt EREnfAEPR be L
used 1S by pherad tisersineeitherrane of afiequency diectiomgndt adimeesent
direction, ar.a combination thereof . angd multiplexes; thesshared datarchanng]

in either one of a frequency direction and a time direction, or a combination
thereof, \With t&Spectto e Carmtan Pilot ERamiél it theSRaret Coritfol O

channekcessarily practiced as each example but one or more of the
15 examples may be combined.
This international patent application is based on
Japanese Priority Applications No. 2005-174400, 2005-241905,
and 2006-031752, filed on June 14, 2005, August 23, 2005,
and February 8, 2006, respectively with the Japanese Patent
20 Office, the entire contents of which are hereby incorporated

by reference.
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20 2. The transmission apparatus of claim 1, wherein the multiplexing portion
multiplexes a dedicated pilot channel to be used by one or more of specific
users to demodulate the shared data channel in either one of the frequency
25 direction and the time direction, or a combination thereof, with respect to
the common pilot channel and the shared control channel. 3. The
transmission apparatus of claim 2, wherein the 30 dedicated pilot channel is
time-multiplexed at a first point of time@pk¥determined frequency intervals
and also time-multiplexed at a second point of time at the predetermined
frequency igt r\r/alnss. rﬁllz %.ime gransgni%%ignca}pr[paggtstlls of claim 2, wherein the
dedicated pilo channer is tranSitted to'a communications party that moves
at high moving Velbéity bat hogts Arfother Bédnimbhications partapades ot
nat mevesatbigh meving: yelosity.A. Thedransmission appasatds of daimde 1 ;
further comprisin rtion that adjusts transmission beam directionality to

10 a specific CortaUNICaions party. wiieren the gedicated piot channels =
insertétPforthé speeiRiesmntificatons parf 6. THe tiafsmisgion so as to
apparafas<af otaim 2 fuithear,comprising plural transmission antennas,

wherein the cgmman pilot, %%&P?&?Jc ilsoﬁ?@%@.tt%drggg?n%g %’Q%%Ré&h%ed
an e

plural transmission antennas the dedicated pilot channel is transmitt
ftdm aRy"BtRér one or more of the plural transmission antennas. 20 7. The
transmission apparatus of elaimi2, whesein ¢ghe commanmpilatighantet atige

the degicajed pilgt ehannelare, discoplinyqusly mapped;in ﬁ'{tPgh%@zi%f&he

time direction and the frequency direction, or a combination thereof. 25 8.
The trafSHRSGY apparatt8 A elam 2P wherdiidhd oot b channel

including a payload and the common pilot channel to be used
15 Dby plural users in either one of a frequency direction and
a time direction, or a combination thereof, and multiplexes
the shared data channel in either one of a frequency direction
and a time direction, or a combination thereof, with respect
to the common pilot channel and the shared control channel.
20
2. The transmission apparatus of claim 1, wherein the
multiplexing portion multiplexes a dedicated pilot channel
to be used by one or more of specific users to demodulate
the shared data channel in either one of the frequency
25 direction and the time direction, or a combination thereof,
with respect to the common pilot channel and the shared

control channel.

3. The transmission apparatus of claim 2, wherein the

30 dedicated pilot channel is time-multiplexed at a first point
of time at predetermined frequency intervals and also
time-multiplexed at a second point of time at the

predetermined frequency intervals.
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pilot channel is transmitted with codes that are orthogonal between either

one of cells and sectors. 9. The transmission apparatus of claim 1, wherein

the common 30 pilot channel is composed of either one of all and part of a
CAZAC code having a predetermined code length. 10. The transmission
apparatus of claim 8 or 9, wherein when 43 the shared data channel is
transmitted in a cell or sector, and transmission power of the shared data
channel is reduced below a predetermined value in different cells or sectors.

5 11. The transmissiosmapparatus b shaimd o 9, whereinthe,commandilot
channelin.a cel or septor is transmitted at either,one,of  different time and,
a dlffereﬁjtjfrequengy, or a‘combination t%ereo?,“fromq%he common pﬂot
channgpfet he-transhiitied inta différent celldrseer o 22t Thet to another
transmissionrapparatiisobelatn 1 whereis when theveoauman gilokehangel
is trangnﬂt(gecqj'cn a cell or sector, transmission power of the shared data
channél is reduted below a predetermined value in a different cell or sector.
15 13. A transmission method comprising steps of: multiplexing a common
pilot channehto hesused by plurabwsess and a sharedcontret ekantg@hprising
including.canral, infprpalin,nacessaty Iy demadulation of Ashared date 20,
channel inc ud"mg a payloacfln either one of a frequency direction and a time
difectiér’of & darmlsiABHoR Hereo? R amt He’ shated Hata CranRerireeifitep L Lot
one ofdherfrequency rdirection dnd thedimedirettion; atreuedrbination party.
thereof, with respect to the common pilot channel and the shared 25 control
channel; performing an inverse Fourier transform on the multiplexed signal

S0 as for genrate A SyMB6I Ahd T FPaRSitiry the YEheratetr SHiRbSIoTPT 15109

plural transmission antennas, wherein the common pilot
15 channel is transmitted from one or more of the plural

transmission antennas and the dedicated pilot channel is

transmitted from any other one or more of the plural

transmission antennas.

20 7. The transmission apparatus of claim 2, wherein the common
pilot channel and the dedicated pilot channel are
discontinuously mapped in either one of the time direction

and the frequency direction, or a combination thereof.

25 8. The transmission apparatus of claim1l, wherein the common
pilot channel is transmitted with codes that are orthogonal
between either one of cells and sectors.

9. The transmission apparatus of claim 1, wherein the common

30 pilot channel is composed of either one of all and part of

a CAZAC code having a predetermined code length.

10. The transmission apparatus of claim 8 or 9, wherein when
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30 14. A reception apparatus comprising: a reception portion that receives a
symbol transmitted from a transmitter; a transformation portion that performs
a Fourier 44 transformation on the received symbol; and a separation portion
that separates a common pilot channel, a shared control channel, and a
shared data channel from the transformed signal; 5 wherein the separation
portion separates the common pilot channel to be used by plural users and
the shared edatofl clrarmeltiaciuding eontrol nformation necessdryforsector,

demodidationofdhe shaseddata.chanpetin githes ane-af an SIEGENGY reduced
direction and a time direction, or.a cambination thereof, and separate

tho e o B e T O D e e
direction and the time direction, or a combination thereof, with respect to the
cgmmaonmn pilqt}g@.&&@@imm&h_a@ﬁ@amﬁel @ma@mi.nqé 13 A regeptionn the
method comprising steps ofy Lacelving & symbol yansmitted oM 8oy e og at
transmltter; pe?f%)rmlng a Qurler transFO(matlon on thelrecelve signal; and
separdtirlg& eormmonipifotEhahPet Id- be ke PBY plurdl X users angaiency.
shared eontrebebanaelineludiag €onirof ristonrnatiennesessanyiorchannel to

demo%ue'arég%;ﬁﬁ&ag gdi%atg hannelineluding a paylaad 1n.either one of a
frequency direction and a time direction, or combination thereof, and the
sttared data channel in either one of the frequency 25 direction and the time

direction,.or aheonmhinatiarn thereafppaith respectdodhe commoanfilot ehannehe
and the shargd control shannel. 16. A lransmission apparatus comprising: 30
a generation portion that generates a common pilot channel to be used by
p“”a|ﬁﬁﬁméqi5ﬁaﬁ§;power of the shared data channel is reduced
below a predetermined value in a different cell or sector.
15
13. A transmission method comprising steps of:
multiplexing a common pilot channel to be used by plural
users and a shared control channel including control
information necessary for demodulation of a shared data
20 channel including a payload in either one of a frequency
direction and a time direction, or a combination thereof,
and the shared data channel in either one of the frequency
direction and the time direction, or a combination thereof,
with respect to the common pilot channel and the shared
25 control channel;
performing an inverse Fourier transform on the
multiplexed signal so as to generate a symbol; and

transmitting the generated symbol.

30 14. A reception apparatus comprising:
a reception portion that receives a symbol transmitted
from a transmitter;

a transformation portion that performs a Fourier
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a multiplexing portion that multiplexes two or more channels to be

transmitted; and 45 a first multiplication portion that multiplies the common
pilot channel by a spreading code sequence common to plural sectors and

an orthogonal code sequence different in different sectors. 5 17. The
transmission apparatus of claim 16, wherein the first multiplication portion
multiplies other channels excluding the pilot channel by the spreading code
sequehgenedmmet i pluval séctorsaadthe otthogohal edde sequence 10
different in differepbsectersnl§ ckhe yansmission@pparauisolelaimd fpilot
further. comprising: 3 deryation portion,inat derives anolher spreading 15,
code sequence’from he spreardlng code sequehce common to the SluraiEt
sector§ iRRcEbRIdHCE With @'gredetemihed rule; and a second multiplication
partion that mukipties:other channels exeluding thehpietchamad byribecommon
derived spreading, cqdesauence, 20,19, The Uansmission ADRAIALS.OF . o1
claim T , Wherein the first muﬁlp ication portion muﬁlpﬁest e common pilot
channéland tHe Shared eBAtrePEtael By terspreading €686 asequétice
commaeasriodhe pturah sectarsanc the: erthoganaheade 125sequance differemt a

in differen tors; and wherei e Jltiplication portign multiplies .
the shglr%ec%I E%%agghﬁn%#\tlgy éﬁe%%ﬁv%dgsgpﬂ%g m%g %:g%%%éeque%cerg%%%%g%

TRANSMISSION APPARKTIISSTRAR SMSSIONMETHOD RECEPTION I 2
APPARA 4G gANDREBCEPIHON MEEHOBquency direction and the time

direction, or a combination thereof, with respect to the

common pilot channel and the shared control channel.

15 15. A reception method comprising steps of:
receiving a symbol transmitted from a transmitter;
performing a Fourier transformation on the received
signal; and
separating a common pilot channel to be used by plural
20 users and a shared control channel including control
information necessary for demodulation of a shared data
channel including a payload in either one of a frequency
direction and a time direction, or combination thereof, and
the shared data channel in either one of the frequency
25 direction and the time direction, or a combination thereof,
with respect to the common pilot channel and the shared

control channel.

16. A transmission apparatus comprising:
30 a generation portion that generates a common pilot
channel to be used by plural mobile stations;
a multiplexing portion that multiplexes two or more

channels to be transmitted; and
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ABSTRACT A disclosed transmission apparatus includes a multiplexing
portion that multiplexes a common : .lot channel, a shared control channel,
and a shared data channel; a symbol generation portion that performs an
inverse Fourier transformation on the multiplexed signal so as to generate a
symbol; and a transmission portion that transmits the generated symbol. The
multiplexing portion multiplexes the shared control channel including control
information necéssary for Hehrddutation of Bve Shared-Hata ehidiigllies the
includingrapayioad angrthercommon pitot channel o be ysed y-pluahbsars o
in a frequency direetion, and the shared dala, chagnelina time drection win,
respe& othe common pﬁot channer and the shared &ortrol channel. Even
when thefagrdeE GRSyiAbEls composing a transmission time interval ;DTI} is
regluced, tranmission efficiency of channels excluding the common pilot

chann%can#%een%amtamed béoreducm r|Q§%rstlon |ntf£viarlrlls%,the common

. . Tarnsmi a of ¢ whereln the
pilot channe accordlngﬁy. FiG. 2 °FF
first multiplication portion multiplies other channels

excluding the pilot channel by the spreading code sequence
common to plural sectors and the orthogonal code sequence

10 different in different sectors.

18. The transmission apparatus of claim 17, further
comprising:
a derivation portion that derives another spreading
15 code sequence from the spreading code sequence common to the
plural sectors in accordance with a predetermined rule; and
a second multiplication portion that multiplies other
channels excluding the pilot channel by the derived spreading
code sequence.
20
19. The transmission apparatus of claim 18, wherein the
first multiplication portion multiplies the common pilot
channel and the shared control channel by the spreading code
sequence common to the plural sectors and the orthogonal code
25 sequence different in different sectors; and
wherein the second multiplication portion multiplies
the shared data channel by the derived spreading code

sequence.

30
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