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-1- DESCRI PTI ON MOBI LE STATI QN, BASE STATI ON,

COVMUNI CATI ON SYSTEM AND COVMUNI CATI ON METHOD 5
TECHNI CAL FI ELD The present invention generally
relates to wreless comunigation technol ogies. Mre
particularly, the present invention relates to a
nobil e station, a 10 base station, a comuni cation
system and a conmrunication nmethod. BACKGROUND ART In
the field of wirel ess conmuscrapToon 15 broadband

wi rel ess access technol ogi es are beconing nore and
nore i nportant to neet the demand for high-speed,

hi gh- vol ume wdes ar.conamint catj onsaskn ther eant entotMindeaT ION
generation W rel ess access sgstenl di rect - sequence
C

oS Tl v i BN BnCAMMYN pFBTACEeYETEHBS cDMA) is enpl oyed
to 20 inprove frequency efficiency and transm ssion
efficiency by means of one-cell frequency reuse. A
babECEY i bnFIHEEd in such a system has to communicate
w th mobile pslations. pf eseilehpiphl tiple gectorseatfes to
therefore it is ecessary to overco the problemo

muk 1 i pl esaccessiurs dathenf erenceo L MALE s . AMcorevensFbhablarly,
nmet.hod to overcone nultiple, access interference jn., .
Ut Tk PEGRITT catr SRS FL BT Ser 6eed.c f & "eapl e AT ionr 2
nopa pat enstdaconent L [ Noompaheattdoaunentystenk. Hongna a
S. Hwang, K Kim apd K \Wang, "Synchronous
CSHERALF BhL CBCRATAE T or The 30 reverse Iink in

DS- CDVA', | EEE Trans. on Commun., vol. 47, no. 11

pp. 1632-1635, Nov. 1999 DI SCLOSURE OF | NVENTI ON

PRERE ERROFH BEREOLVED BY THE | NVENTI ON

In the field of wireless communication,

broadband wireless access technologies are becoming more
and more important to meet the demand for high-speed,
high-volume data communications. In the current third-
generation wireless access system, direct-sequence code
division multiple access (DS-CDMA) 1is employed to
improve frequency efficiency and transmission efficiency
by means of one-cell frequency reuse. A base station
used in such a system has to communicate with mobile
stations present in multiple sectors and therefore it 1is
necessary to overcome the problem of multiple access
interference (MAI). A conventional method to overcome
multiple access interference in uplink communications is
disclosed, for example, in non-patent document 1.
[Non-patent document 1] E.Hong, S.Hwang, K.Kim,
and K.Whang, "“Synchronous transmission technique for the
reverse link in DS-CDMA”, IEEE Trans. on Commun., vol.

47, no. 11, pp. 1632-1635, Nov. 1999
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The nethod di scl osed in non-patent docunent tries to
overcone MAI by orthogonalizing uplink channels 5
from nobile stations using orthogonal codes. However,
to orthogonalize uplink channels fromvarious nobile
stations at a base station, all the uplink channels
must be accurately synchronized at chip | evel. Al so,
the orthogonal relationship is established only

bet veero IMRB| @gnat sviERT sgRcnroni zed pat hs. Evidently,
suc he f ires a heavy

processi ng Meanwbthea vardcus dd egzuen@yl -bandst f@agnent 1
and narrow, may be enployed in future generatjon
wi rletesste 1%"%6%%@% @Et &5 O TN I I DGt iR raghannels
ber Fgguhsied1 L 0s 8HPPORE SUGR gV Htoy dequanys bamsisever, to
dependi ng on the purpose. SreC|se I'y synchroni zi ng al
nobitleeaenal bas atiPldhik | eRennphssuchf 9t uvé rdpsiSensmobile
\Méﬂag¥bﬁ%| £h§ HQE@ sg L& bBU|%llZQH%ﬁﬁﬁhrﬁﬂuéﬁéﬁnéb§ must
present |nvent|on make it pdssible to solve or reduce
oﬁ@EOEQﬂHK§¢ﬂbeQMﬁQhﬂﬁnﬂke®yiﬂheChL9rﬂfﬁEﬂGnSAéﬁ@, the
é@g¥§£ £S 9&1%@909@8% ro%%d € abf{ (¥1Q§ i¥e Bétween
the pre |nven ron s pr ovi e a no
a iJweaisss aumonsyra:nﬁorm:omﬂdmlp@m:aon Bysdentland saich prec1se
nlc tion thad that nmake it posiéble to re%gced £
Jar&%es% m’%%ﬁ%% nc€ ThdtYeed nobtl'd st'afions™ O
UStImnﬁ@ec§ﬁﬂEoIr&ﬁ@GBGMpmaﬁdt@S pwebbs@in@etmeen
nobil e stations using different _frequency bgﬁ

MEANS FOR SOISANG THE PREBLEVS ACtoidrhgYt &2

enboek spnt r2fy the pEgseifed | AMENti ke & gEORAIRICGRH | PAreless
systemincludes multiple npbile stations and a base
StAEFORS Al S[EEESH obobjlde stations may be required to

support such various fregquency bands depending on the

broad and

purpose. Precisely synchronizing all mobile stations at
chip level in such future systems will be all the more
difficult.

Embodiments of the present invention make it
possible to solve or reduce one or more problems caused
by the limitations and disadvantages of the background
art. One objective of the present 1invention 1s tco
provide a mobile station, a base station, a
communication system, and a communication method that
make it possible to reduce multiple access interference
between mobile stations using the same frequency band as
well as between mobile stations using different

frequency bands.

MEANS FOR SOLVING THE PROBLEMS

According to an embodiment of the present

invention, a communication system includes multiple
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nobi |l e stations includes a pilot signal generating

unit configured to generate a pilot channe

conprising a CAZAC code, a first mapping unit

configured to map the 5 pilag_channel to a signa

including multiple frequency conponents arranged at
regular intervals in a given frequency band,, and a
transmtting unit configured to transmt a

t maulsini s S¢ oAt Sbgsaknidnel udisyy anaolbput Atsilgralt faremof the
the first ng un ccordln to 10 schedulin
R | Bhe L IHBS LR R haP AHPE FAOR e 17 unit
mes i ey o & ot wary@eiextactd he fb@@l@@.nCMhaﬁﬂgﬂon@Bﬁ@rlSlng a
such that the transm ssion signal of the_ own wob

stdltddn afdet r dnsm 53 ofi2BPgREI S10fC t Ao bt pligFed m%?l I”&—;ap the

st@ationscHahRg1f requeney pands; dif gLyt rnengike ibequency
frequency band of the own nobile station becone

or¢HEROHI L $ 0 VA Dt Hherdton '& Tt edquerdy eaRiad.s THE basediven
statd on. 4 A¢! %%%% a LRRlig CatQSH%%"t‘tfiﬂg u £+ C%fn'f%f&%d to

to gehe erate a pl Ot channel l'ica correl ation
urii taontt gur edtronealicslare ﬁh@n@drreﬂrmhmrm an output

be&}’%ﬁ%‘la st ﬁﬂ?é'g ?Es%“dﬁ{a[}%ﬁéconyﬁﬁ‘%”“ qeprding  to

rep |nat|o I'gure
padmmbhaglnellnfestmalmmmn based dnran omaptgmrfg omnit is

h | t d dul at
AT MhoBht it g 1 oo Bhel $) Yhasefiraauency

thaam;e@rwsmt@fsobanmellatz&reesttﬁahsmmssirhﬁ BeRMNiada of the own
gener ting unit includes a gllot chanpel ggnehgt%%% other

urff®®t %fﬁji?rteldm 03G€neF RERSRIGPIEGE  ThAnM

Cofg i 5é ngt ar CAKACueede, rardiridy YarBPpiNgretdht from the
conflgured to map the pilot channel to a si gha

%@W%@CﬁU|p@§pe fQ%QU§ﬁ€y OponBAPS L &r r afgedi et  become

3oof &halntery¥aks bRhar-gbwen fregquency, kand .
ADVANTAGEQUS EFFECT OF THE | NVENTI Enbodlnents of

the present TheeReprgnsiakéont yuludes a replica generating
uanit configured to generate a pilot channel replica, a

correlation unit configured to calculate the correlation
between a received signal and the pilot channel replica,
a channel estimation unit configured to perform channel
estimation based on an output from the correlation unit,
and a demodulation unit configured to demodulate the
received signal based on the result of channel
estimation. The replica generating unit includes a pilot
channel generating unit configured to generate a pilot
channel comprising a CAZAC code, and a first mapping
unit configured to map the pilot channel to a signal
including multiple frequency components arranged at

regular intervals in a given fregquency band.

ADVANTAGEQUS EFFECT OF THE INVENTION

EFmbodiments of the present invention make it



10

20

30

possible to reduce nmultiuje access interference

between nobile stations using the sane frequency band

as well as between nobile stations using different
frequency bands. 5 BRI EF DESERI PTI ON OF THE DRAW NGS

FIG _ is an overall view of a conmmunication system
according to an enbodi nent of the present invention;

FIG 2 is a partial block diagramillustrating 10 a
nmidslsewslteatt@nrelalﬁe uls ip Iy asir0gs s ed tea fdescrdechebetween
char act erlstlcso C code; EIG 4 is drawi n
PRt 1 SRR are haBpRRECof "S- Sha Spyrell as
digsttidait ecbd-DMA; st bt Fd65 Bsisgaddravrsgtusedqiiency bands.
descri be a method of assigning CAZAC codes to nobile
stations using the sanme frequency band; FIG 6 is a
partiredt i sroks i ao agr | ThshrAakiiNGS a base st ation
according to_ an ermodl ment of the present _ _

i nvention; AXE- 71i $5a ¥t aWWRGdded ¥ d‘é§0|a| peergnunication
'n§J§¥Enlofa@§§kQEh89 CAZAG £Ods, £ Qi ARRE| € o8t atiNS present
usi'ng the sane frequency band; and FIG 8 is a
driawiang-idnustrati ng exenplary 25 mapping of pil ot

cnannel s by distribute RLANATI

e ERENGES, NE Tty |50 R aPron 2B hern Al b g histrating
Pid atochannetagemerating unit 22 Shifting unit 23

Mappi ng unit,24 Data channe| ggng&%lgng unit -5

describe
characteristics of a CAZAC code;

FIG. 4 1is a drawing illustrating exemplary
mapping of pilot channels by distributed FDMA;

FIG. 5 1s a drawing used to describe a method
of assigning CAZAC codes to mobile stations using the
same frequency band;

FIG. 6 1is a partial block diagram illustrating
a base station according to an embodiment of the present
invention;

FIG. 7 is a drawing used to describe a method
of assigning CAZAC codes to mobile stations using the
same frequency band; and

FIG. 8 1is a drawing illustrating exemplary

mapping of pilot channels by distributed FDMA.

EXPLANATION OF REFERENCES

MS Mobile station

BS Base station

21 Pilot channel generating unit
22 Shifting unit

23 Mapping unit

24 Data channel generating unit
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25 Code spreading unit 26 Mapping unit 27

Mul tiplexing unit 28 Transm ssion timng adjusting
unit 5 60 Separating unit 6- - Denodulation unit 62
Path searcher 63 Correlation.detecting unit 64 Timng
detecting unit 10 65 Channel "estimation unit 66 Pil ot
replica generating unit 67 Pilot channel generating
unit 68 Shifting unit 69 Mapping unit 7 BEST MODE
FOR CARRYI NG OUT ddde | HVENTE ONyAggotding to an

enbodi nent of the present invention, uplink channels
(pil ot chanmt s) MFPpbF 1@ 1%t ati ons using different
frequency bands afe 20, disthpoyhshed by using

di stributed FDVA. Meanwhile,” uplink pilot channels of
mobi | e st ati%hs usiasthessapetinieguedcySband anat

di stingui shegh usi £HQEPH of { CAZAC codes that are
orthogonal to each ‘other and are generated by
cyclically shiftibgnadCAACtodeitThis 25 approach
makes It poqﬁiblepgghaggé gﬁegrthogonality bet ween
nobil e statiohs and al'so To naintain the

or t hogonal i t§3 betowere det ayn pathscofing phhiat channe
from each nvgale tation, Thig,in turg makes it
possible to°tedubE 1 ePSnbot "PntBifer ence observed

at the base ¢80 sti@ih©d1tosaimMetyohownkevel . According
to anot her enbodi nent of the present , ,

66 Pilot replica generating unit

67 Pilot channel generating unit

68 Shifting unit

69 Mapping unit

BEST MODE FOR CARRYING OUT THE INVENTION

According to an embodiment of the present

invention, uplink channels (pilot channels) of mobile

stations using different frequency bands

distinguished by wusing distributed FDMA. Meanwhile,
uplink pilot channels of mobile stations using the same

frequency band are distinguished using a group of CAZAC

cocdes that are orthogonal 1o each other and

generated by cyclically shifting a CAZAC code.

apprcach makes 1t possible to achieve orthogonality

between mobile stations and also to maintain

orthogonality between delay paths of a pilot channel

from each mobile station. This in turn makes it possible
to reduce intersymbol interference observed at the base
station to a very low level.

According to another embodiment of the present
invention, although CAZAC codes are used for pilot

channels of mobile stations using the same frequency
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i nvention, althouoh CAZAC codes are used for pil ot

channel s of nobile stations using the sane frequency

-6-- nand, the CAZAC codes are not generated by

cyclically shifting a CAZAC.code, but are generated

i ndependently for the respective nobile stations.

Conpared with a case where codes other than CAZAC

codes are used, this 5 approach nmakes it possible to
drved ) cahky aeducecbhes i fter herengend mtédpatyh cyclically
i nterference) between dela¥¥Hfaths and therefore makes

i 1SS e 2t &AtdduceCtfe afTf ngerSyRdad 1ndependently

i nter fenengespbser vedmabitibe shase orst atdipAted 0aSEN DY case
the reduction of the nmultipath 10 interference. Al so,

t HES B proReds catt BRY eash?y aphPied Codea cohventFefal this

syshembecayse dhete ih 0 0eed b0 a Lot olat e Shiddce the
nt of CAZAC codes. : FI RST ENBODINE

amroiver@dzremew dfiud timitie  tohenARcanten s;mtemen deiay

engp 199[% ng, ?M%h%qg%r (%I ngmta?egn n%?c% Of th uce the

priesen iMvention. The conmuni cati systen1|nc Gdes

on@omalnnxetaneymbustatmbasf&ﬁ&nthrougherwsds and ahe Dbase

base station B nobi | e statlon 20 basi c

bet ohigs°t o aothe%eea(ﬁ or P¥as tz?r? eXESPEieR" ﬁ%\/\e\%le

nobht €r Séadhea. |QQabedﬁﬁ1§ié@@f@&chOUﬁdabﬁ éﬁguly applied

bel ong to nmultj fectors as |n the case of the

nob? | sf%??%ﬂt%éﬁa Eath® dbi PECSSE o' FECabi%e P8 J&ed to

oNg-RFf r HOI endf sAUkti pheuhteguengy toandsied .n this 25

enbodi nent, it is assuned that the follow ng frequency

bands are avail able: 20 MHz band, 10 MHz band that is

a <pgﬁgToﬁMgnggQN@+t band, 5 MHz band that is a part

of MHz band, 2.5 MHz hand that is a part of

t he 5 |sz bERA; aRd 1.5 NHz bEAdaLAat Vileva paft af mobile

:Ego%néng’gamnbaggstgﬁe BrBRer i ah fEeAHency.-bardsAnds  an

embodiment of the present invention. The communication

gultipath

system includes cne or more mobile stations MS1 through
MS 5 and a base station BS. Each mobile station
basically belongs to one sector. As an exception,
however, a mobile station located at a sector boundary
may belong to multiple sectors as 1in the case of the
mobile station MS3. Each mobile station is able to use
one or more of multiple frequency bands. In this
empbodiment, it 1is assumed that the following frequency
bands are available: 20 MHz band, 10 MHz band that is a
part of the Z0 MHz band, 5 MHz band that is a part of
the 10 MHz band, 2.5 MHz band that is a part of the 5
MHz band, and 1.25 MHz band that 1s a part of the 2.5
MHz band. The number of frequency bands and the
bandwidths of frequency bands are not limited to those
mentioned above. In this embodiment, wvarious uplink

channels (indicated by arrow lines from mobile stations
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bandw dt hs of frequency bands are not Iimted to those
menti oned above. In this enbodi nent, various uplink
channel s (indicated by arrow lines fromnobile
stations -7 to the base station in FIG 1) received
at the base station are synchronized to sone extent.
Al t hough the synchronization is not at chip |evel,
according to the present invention, uplink channels

oftd hensampadypetatiiecei ved mid hin)a geetaiadpesi odhe base
becone orthogonal to each other. FIG 2 is a partia
bISFEK hragram i IYREhFaRi ARl &hobPTe $HiGHn. TRéhough the

nmokjd @, sdatd o showa iy dFl & 2nibnaldigdes, aapkboliing to the
channel generating unit 21, a shifting 10 unit 22, "a
f iF&ts Rlppilmy atitop3, W lddata ch@mells geder &PPngSanpt type

gé‘ecaeic\%jda, SRLeadi ng %irtzta%%an e$€6aNG e IBRPI BY cWRigbnal  to

a multiplexing unit 27, a transm ssion timng
adjastigthamit 28. The pilot channel generating unit

21 generate 5 Ll ot (- I Si .
code based 2Fnr%'od§el E)as%i 8%%22{%% rlf g)lrrzﬁ(rhtl oagggra%%%igatlng
codembsidescstidedon bellbw hobELE& Fatihen cetdewnengbh FIG. 2
of. a AC code_ A_is L. For descriptive purpases, it

s RESEReY € hRe LPfie TS0 Ko TERGE h b6r FBSporids 1 THELTiNg
durreit oredf Lla safptes. ddoyeves, GHis asSpnpii ofats nNehannel
essential to the present 1nvention. A CAZAC cqde B
SHERETHCtRE PBwEr 4far t2 of CRPGSPEFIE fenkRat edpy @ Second

wwérsggiﬁ?saﬁa&@s @dadi cat edy i phatghigng) uh el udhng and  a
the sanple (the L-th sanple) at the 25 end of the
CAZNC &oHes #0% ot tRénfead  BFTERE BAZAC €ode A. In this

case, with rﬁﬂ@rgiiQtAcﬁanhFﬁoﬂgﬁdHQE@ng dhe CAZACherates

codes A and B are orthogonal to each other. That Ts,
a daselopazad aouel andmaRrEAZAC codeRglhercaadrl bypsed on code

assignment information. The CAZAC code is described
pelow.

In FIG. 3, the code length of a CAZAC code A
is L. For descriptive purposes, 1t 1is assumed that the
code length corresponds to the duration of L samples.
However, this assumption is not essential to the present
invention. A CAZAC code B shown in the lower part of FIG.
3 1s generated by moving A samples (indicated by
hatching) including the sample (the L-th sample) at the
end of the CAZAC code A to the head of the CAZAC code A.
In this case, with regard to A =1 through (L-1), the
CAZAC codes A and B are orthogonal to each other. That
is, a base CAZAC code and a CAZAC code generated by
cyclically shifting the base CAZAC code are orthogonal
to each other. Therefore, theoretically, when one CAZAC
code with a code length L 1s given, 1t 1s possible to
generate a group of L CAZAC codes that are orthogonal to

each other.
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cyclically shifting the base CAZAC code are orthogonal
30 to each other. Therefore, theoretically, when one
CAZAC code with a code length L is given, it is
possible to generate a groug_of L CAZAC codes t hat
are orthogonal to each other. In this enbodinent,
CAZAC codes selected from a group of CAZAC codes

havi ng the above described characteristic are used as

pi |l ot channels ©figobinbediglkat, oA zADr ecapecidfdicaldas from
in this enbodi nent, anong L 5 orthogonal codes, L/LA

CAZAS Bthes Dbt 4ATEH byOq8! i 1RF shiltt i PV haseescribed
CAZAG £ode- iy - X LA (Rebd  2s - pilot, EhbhRhe@B€ of mobile

actually used as pilot signals o mobil e stations. As

a SESHS uple Tk ehanrhetSafism thobiie SRR Hecoteong L
ord nalato each ot her,Detabha20 of the CACAC €8 by
are described, for exanple, in the follow ng

dosimeimast 11D, ehihdng” Pol hphasérdddescoieh bygoodx L. (n=1,

per) o co el o8 pLapeciies”sLEER T anay Tatarms o
Rlnd)ﬁO]éQZ,stll'aeboasnsis hstlkf’;Jrr&nt SI;eS'L’(htaj |mh1m]’9n @ﬁal’mlpdalﬂk from

15 sub-channel s i n_ SUTRA SC- EDVA" . .The shi f.ti ng unit .
SIS el Sod "Bl BEEFBYOoaL 1D T (R Retails
( GAZACheod®) zgenevaicedarby ddw-iideat, ciapnelxample, in the

generating unjt 21 and outputs the ghifted pilot .
O o e e Siunt G xRy § S PebyBhaBg fppdes with
eagdvodobpleistiati oorthe fi¥st nMppppBYLuBkY , 23 TBPS Trans.
the pilot channel conprising the CAZAC code to a
si@%rfi‘ﬂctf%‘?ﬁ@' Kotti pleifreg§fendyy lcomronetitsy 19727 3GPP,

argangesh 84 regubar 1i ot eryMahssi nvaf reguspgyiBand s uplink
currently being used by 25 the nobile station.

Spefeeartrglsthe FVFBL RappPH§ unit 23 naps the

pi ot channep,d o mlitdpl e freguency, cogpepant s; guchrg. 2

that a transm ssion signal of Its own
cyciically shifts a pilot channel (CAZAC code) generated
by the pilot channel generating unit 21 and outputs the
shifted pilot channel. The shift amount (n x L) 1s set
for each mobile station.

The first mapping unit 23 maps the pilot
channel comprising the CAZAC code to a signal including
multiple frequency components arranged at regular
intervals 1n a frequency pand currently being used by
the mobile station. Specifically, the first mapping unit
23 maps the pilot channel to multiple frequency
components such that a transmissicn signal of 1ts own
mobile station and transmission signals of other mobile
stations using frequency bands different from that of
the own mokile station become orthogconal to each other
on the frequency axis. This mapping method may be called

distributed FDMA.

FIG. 4 1s a drawing illustrating exemplary
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nobil e station and transm ssion signals of other
nmobil e stations using frequency bands different from
that of 30 the own nobile station beconme orthogonal to
each other on the frequencygaxis. This mapping net hod
may be called distributed EDVA. fIG 4 is a drawing
illustrating exenplary -9- mapping of uplink pilot
channel s. As described above, in this enbodi nent,

maidg rsd alff ONS1 £AR PSeovarhadse 1kl equenesdrandss dvove, in
pi |l ot channel of a nobile station using the 1.25 MHz
bdrid S s ABPPEATEBTr wo FFRency t5tdORSoNeTRS ol SEhe Various

| efteq Al Obagl@annel @fi 1&tmbhkenest abton UsbBg1khesBation
MHz band i's map Eed to eight frequency conponents

arysdiged t&E r égaParMilat f3fd s Ioh TERESCef £O ALBPI ofrequency
c ndft & mpi Lg statdon %5'1?91596 cHOL M band,i syopile

mapp to 16 frequency conponents 10 arranged at
r@@ﬂtﬂonrnwﬁh@ms tds showdiizn FERGA 4 1ispi Imstepashanirel se1ght

fHﬁéH%%J %o g%&%%&% ugk gn ngeigngré%ﬁﬁi e98¥ervals on

bané% ar e ‘map so as to ortf ho
oﬁmm'kﬁﬁtheAfpeQOencwann&i mmp@|mgbuhbom¢aMMmm u51ng the

h | h . b
158 At ASeP s R ¢ BBRPRE “WL h Al (e SeHERG | ngfnents

| nfrofareidedmat Veegousrt enbeirgues .may becusedd arT®mp 4, pilot
pil ot channels as shown in FIG 4. One of the

té&ﬁﬂ%ﬁk& @ﬁg §§ a ﬁ@ﬁﬂ%@caﬁﬁq%lqﬁﬁh0851¢ﬁlSchiferent

t eChiH e ACHA RN ESa 20 RBPRERAJ sbh alshe f RGUEenC Yo SoBddnal to
as shown In FIG 4 by using fast Fourier transform

(FEON aRdDPAVetR e thEst TTFBUFTEY t1ansf oMAPPLPET)information

Ther® d 5 ARt het, H%?hﬁbﬂu%ffgg ahganemal ¥, 8e sent from
single-carrier method and uses variabl e spreading and

25 Iehi pbrépet i 4o $act PgeChRR ( VBERF- CDIA)ink  scheduling

information.

Varicus technigues may be used to map pilot
channels as shown ain FIG. 4. One of the techniques
employs a single-carrier method. This technique achieves
mapping in the frequency domain as shown i1n FIG. 4 by
using fast Fourier transform (FFT) and inverse Fast
Fourier transform (IFFT).

There 1s another technique that also employs a
single-carrier method and uses variable spreading and
chip repetition factors-CDMA (VSCRF-CDMA).

In this technique, a pilot channel is time-
compressed and repeated, and further, a phase rotation
set for each mobile station 1s applied to the pilot
channel to¢ convert i1t into a signal having a comb-like
frequency spectrum as shown 1in FIG. 4. Still another
technique employs a multicarrier method. This technique
directly achieves mapping as shown in FIG. 4 Dby

separately specifying subcarriers used for multicarrier
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In this technique, a pilot channel Ls tine- conpressed
and repeated, and further, a phase rotation set for
each nobile station is applied to the pilot channe

to convert it into a signal _having a comb-1ike 30
frequency spectrumas shown in FIG 4. Still another
techni que enploys a nmulticarrier nethod. This
technique directly achieves mapping as shown in FlIG

4 s n sepss adel Y 1specd dyd ng rsubcaic i @r shesaskd0Fto~average
mul ticarrier -10- transmssion In terns of reducing ,
t ROYWEakre6iaverfagePl pbler Ttin BiCUpHBARS tBEMA GuedTrier

USINh AN s CaFL F&Fan Bt hodg are preferably used. The
data channel generating unit 24 shown in 5 FIG 2.

gener ates a W& adehanrélann@k heaghrdatadchidniiel 84 &hewn in
N |y gahegatieed iduo, conlisl daha chdtel & @donanne s

user traf ata channel s, ey are not di'stinguis
heree foorbaevit yat®oercedd siprieadéagtunilt d25a channels and

mul tiplj . dat 10 by .a .sc | e .code
t her'e y£g§§?égn§ﬂgﬁﬁecgggﬁgggfné%m¥ﬁe£§ggéhé'ﬁgb%?ﬁggUIShed
utidr6fosilmréaity.to the first mapping unit 23, maps

the data channel tao be transmtted,t sigpal .

ncl udi ng mul 15 pPeTFr RISy IS Eamboreht SUAFTRAGES & data
r el @ie 1 Ngr val Ssdihnd fd eguelRCyandanthetss enbley &g code
used by the nobile station. -"'I i -s mapping my
aJ%RF%%bkﬁﬁforned such that a transmnission signal of

the own nobitge statban atbd{ansahssi oy, SkgRALS -0, to the
ot her nobile stations using frequency bands 20

di f¥esentManRIAT heliteqdéncy™afd B1e t e fown heBined  to be
St@?éﬁ%ﬁE@@Q&? §5tqugﬁahaﬁo ?ﬁeﬁueﬁﬂﬁf ﬂﬁl%@ﬁle frequency

frequency axis.
components arranged at regular intervals in a frequency

band currently being used by the mobile station. This
mapping may also be pertformed such that a transmission
signal of the own mobile station and transmission
signals of other mobile stations using frequency bands
different from the frequency band of the own mobile
station become orthogonal to each other on the frequency
axis.

The multiplexing unit 27 multiplexes the
mapped pilot channel and data channel to gJgenerate a
transmission signal. The multiplexing may be performed
using one or both of time-division multiplexing and
frequency-division multiplexing. However, code division
multiplexing (CDM) is not used here. This 1is because
superior autocorrelation characteristics (orthogonality
between delay paths of a pilot channel from each mobile
station and orthogonality between codes obtained by
cyclic shift) of the CAZAC code is lost if the CAZAC
code is multiplied by still another code. Multiplexing
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The multiplexing unit 27 multiplexes the mapped pil ot
channel . and data channel to generate a 25

transm ssion signal. The multiplexing may be perfornmed
using one or both of time-diyjsion multiplexing and
frequency-division nultiplexing. However, code
division nultiplexing (CDM is not used here. This is
because superior autocorrelation characteristics

(emthogenabtty c3irbeiveeandel ayhepat bscaf amiddl by the
channel from each nobile station and orthogonality
b8 1S5deY oBRaitned’ by S cyefi EEHitt)aof tnetEAZAEESEent

cade drtilast khrt R&GAZAC eade dis gl Ehphhed Byapt bkl sent
anot her code. Multiplexing -11 the pilot channel and

t R Rdatad Thariel T By 10 hud t1 ol eXRAGNENRL 92V s PREE O -
essenti al t‘%ihté“e &?&MSswefenwamngFogdgﬁémln%, thet 28
pil ot channel may be sent separately to rThe base o
stativorr durtinry & igiiven e i odharfie T s mitsst ok Tdmimgs sion
a@fﬁﬁéfwééggfdfﬁ% @91§§ﬁ§d55§ é'ﬁh%%r%%t&r%r%@éﬂ'éﬁk base
t he transm SSion ~ signha accor d ng to séhedu i'ng

i fteriatni osof ridmt heigesd s stateoneso bhhatthsl gnaks station

ived by. the base. station fromnmultiple nmobile .
R A LS R e Sl GRS BTk S B Rar e Sy each
emodiment, uplink channels (pilot channels) of
nobil e stations using different fre enﬁg cands re
s

di sti ngui sheld® by NG TH ¥ Bt ed $pn (pilot

FlGartheld) t e exaple shawnohB RLGnd, dakkelanpi |@J§e%uency
channels of the npbile stations using the 1.25 MHz

MAARGhd 86 MSbanay:arecorPhogtiidld 284 seribmeed  FDMA  as
frequancynaxis; bysusimg dist hbutad FOMG,Maanwhike, 4, a11
uplink pilot channels of nobile “"stations using the

sahel 9 egietiesl Hapll Ane BPBELilAgEiteRd@ns20 Pased-vh ¥ hed MHz,

oﬁihgﬁﬁﬂalkkﬁ_OHOCAﬁﬁg Cegﬁﬁs FEE% 50§99$§onalized on the

frequency axis by using distributed FDMA.

Meanwhile, uplink pilot channels of mobile
stations using the same frequency band are distinguished
based on the orthogonality of CAZAC codes. FIG. 5 shows
(groups o©of) CAZAC codes used to distinguish mobile
stations using the same frequency band. As described
above, a base CAZAC code and a CAZAC code generated by
cyclically shifting the base CAZAC code are orthogonal
to each other. In this embodiment, the amount of delay L
A is set at a proper value, and a group of codes
generated by cyclically shifting a base CAZAC code by
integral multiples of L, are used for pilot channels.
For example, a code group C ; including N CAZAC codes
orthogonal to each other 1s obtained by cyclically
shifting CAZAC code C#1 by integral multiples of L,. As
shown in FIG. 5, codes in the code group Cy are assigned

to users #1, #2, and so forth in the order menticned.
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(groups of) CAZAC codes used to distinguish nobile
stations using the sane frequency band. As descri bed
above, a base CAZAC code and a CAZAC code generated by
cyclically shifting the base,GAZAC code are orthogona
25 to each other. in this enbodi ment, the anount of
delay L is set at a proper value, and a group of
codes generated by cyclically shifting a base CAZAC

code by thiBt egstodtth ) i pl egsebksLAcaf e pesedi ko npulehed. 1f
channel s, For _exanple, a code group C N including N
C&Zﬁé%oh%saBONdrlttﬁ’ogb‘#’aq t dNRERAT 0CREF | VBt a@xhejon‘b%/udlng

CY@'&E@%&@OH§D'E§H@% GAZAGH 9888 e d Ntegrabac code c#2
mﬂtléges of Le. shown in FIG 5, codes in the

SUp- (j\Jf@FeC%%%‘Fgﬁéée folusend #he gpdemdisoche code
forddyd ot he order; éﬁ'@@eml%t Enhh'l%t%Eprb Nhus, it

users can be dlstlngU|shed here is an
usier , parsstifpde code gs@mgnc CA%qZud@cn@es Mt@rttﬂd@bnasers and

e a de i f
f&%ﬁ%ﬁ%%ﬁ-Pé ggggﬁggﬁ gﬁggggéglnlﬁﬁéhégdgkgﬁgg%UpCAZAc
C]ccaiees assn gb]@da!smghétihtand\alnat elrsemserbfsaanﬂhﬂsle,i tthere 1is

OSSIb e to, as sagg g M usg% c q

re%E/ YoIG i hgurShCPR lBs Weleﬁ‘ %e?rou? v an
CA&AC aweites geampbecassigned ttr@mn/r@sarSSInMEaanbent of
there is no orthogonal relationship_between th code
grigtip Y 16N RELE6EECEr dup €ERUH 53 DRGPEESr dhem. Still,

S d 2 @@ URLOf o r i IS @5 SYTDOY  iateeidBT enceddge Labsedhe code
between them Still,  because the orthogonallty

betimegn N Cbge§op1@lteﬁ@1é/od@alrg¢we@\|ap oifpl @¥Epggonality
gl ntad oed \and f e orthoggpal iiye betyween dY codescihgietely

code group CE; is conpletely 15 nalntalned t he degree ,
ofmam*@@%@ol tihtt efPereRcect n intsins varsodi FBleTifS eace  in

| 55514 hagnb B8 hBKE! SYIDOLea ) Nt ELLET CRGE L Nat OCCH e aymbol
CAZA for pilot

when codes ot er than es are use
c hanref Ser@&hchougirt hecsams Ehﬁﬁt ambemt d_thens méa@@ CAZAC

f(%o&gg coLe 858HPS&SN %qqogp &Hannels. Although the same
shift amount L, 1s used for the code groups Cy and Cy in
the above descriptions, different shift amounts may be
used for the respective groups. However, using the same
shift amount makes it possible to generate the same
number of codes from each base CAZAC code because the
code length of pilot channels is the same, and therefore
may make it easier to manage codes.

FIG. 6 1is a partial block diagram of a base
station according to an embodiment of the present
invention. FIG. 6 shows components necessary to perform
a process for one mobile station. In an actual
configuration, sets of the components are provided for a
number of concurrent mobile stations. The base station
shown 1in FIG. 6 includes a separating unit 60, a

demcdulation unit 61, a path searcher 62 (including



10

15

20

30

20 the above descriptions, different shift anmounts nmay
be wused for the respective groups. However, using the
same shift amount nmazes it possible to generate the
sane nunber codes from eachihBase CAZAC code because
the code Iength of pilot channels is the sane, and
therefore 25 nay nake it easier to manage codes. FIG
6 is a partial block diagramof a base station
acoorh gt taon anlegrbodinmentundft t Ag parmerat repeebtioon. timing
FI 6 .shows co nts necessary, erf

%teescstjfrbﬁI %ﬂ%gpnggl I'e‘_jstaallr%)rheaf ghﬁagf‘gal 3t 6>, and a
cqm‘]lcgur a:temcasetgser@fra'dmg:omnmtenﬁﬁ ar(enprlmziiidl@d forpilot

b f t bi l tat Th b
AR SHORA S LPEG BT néllndds. PSRpAPAL G unPls nd 2

6happidenmeit ag®pon unit 61, a path searcher 62
(including -13- correlation detecti n% unit 63 and a ,
reception t|Tﬁ‘%g Sget Bt uhPtte4)” a SGRfHRdIes & pllot

estiratd On Jupi ty 6@aﬁ¥mcﬁanﬁéhohj[eg'ﬁébéﬁﬁ@&abmﬁhal sent
unit 66 (including EI | ot channel generating unit

@m@mat%%lm@bhbeuﬁw 680-and a 5 mapping unit 69).
The separ at 'T‘kgeu%hoggl%%ﬁ%hat&ﬁ@ B | etemo%q%r&%s ande data

a data channel in a received signal sent fromt
moBidenet avd dad mhetb@rmaapétcu of ghienngl @@mmtatces

the data 10#] %% n baged 88r62 pelfsf%%'f%r%f Cgaﬁa%eéh search

estimati on. sear ch orns a
seasthg useéngitbe phhohednannel. The correl atl on
detecting unit 63 cal uI at es .the %orrel ation 6b3]et ween
1 ¢ culates

a pilot chan 18F c@ﬁl & and' t He“S15 1P 8cetved
chammetoand L autput ssetﬂmamrareﬂ:alwnchaah@ul atdfnica and the

re?é%élvgge refeetl gannghng de e?§d€£ %g“ttgé dgg%%g ation

calculation result.

The reception timing detecting unit 64 detects
a reception timing by analyzing the timing and size of a
peak indicated by the correlation calculation result.

The channel estimation unit 65 performs
channel estimation based on the result of the path
search.

The pilot replica generating unit 66 generates
a pilot channel replica. The pilot channel generating
unit 67, the shifting unit 68, and the mapping unit 69
of the pilot channel replica generating unit 66 have
functions similar to those of the corresponding
components 21, 22, and 23 of the mobile station.

The pilot channel generating unit 67 generates
a pilot channel comprising a CAZAC code based on code
assignment information.

The shifting unit 68 cyclically shifts the
CAZAC code by a shift amount set for the corresponding
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a reception timng by analyzing the timng and size of
a peak indicated by the correlation cal cul ation
result. 20 The channel estimation unit 65 perforns
channel estimation based on_ﬁgg result of the path
search. The pilot replica generating unit 66 generates
a pilot channel replica. The pilot channel generating
25 unit 67, the shifting unit 68, and the nmapping unit

6%h2fi ithesid 0dn chaginghar epti ¢RigENEEat bNGelBirbcB®Bsed.
have functions simlar to those of the correspondin
conponent s Zfi® 22aPRAdR3UBE tt he? ndiR®e $0&t i BAlOFhechannel

PidQts channel cigenes ks ngodBi £ 067 generat esc 3 anPih@iciple
channel conprising a CAZAC code based on_code .
addiggfEmyY | APBPARENBA. aTHENgRdf tathgre@rtaggintervals in a

¢ 'cg?el shifig t CAEAG cadenby a3y f i, amoynt bil
sgﬁk% rI%%é Co%r%spgﬁﬁfng ¢§Z- nDB?Ie statioeaa sign&?o e
oﬁbﬁﬁkﬁnis to be processed. The mapping unit 69 maps

the pllpt Chﬁnngﬁlscgﬁgéa§hggtthgscé%é%fE%(%t§£5be, uplink
signal including nultipre Irequency ¢conponents

aratengedlaat (egudar chieneaks | pfa mdoidguencyatbiams using

currently being used by the nobile station, In.this
orftod T, BeCHBEEFYDEE SBove S Ut TRk CBRARRE Y the base
(pidatiehappel )i dobtlkebstati amAISERg s efantrIc. 4.
frequency bands are distjnguished by the base 10

stHRAYH bYe usi WL B st rR bt ed FEVRN@SS shdhn TP FrE gtations

e | eneURlan2k phéQbesbanpals of 0Bk Le;istatiseRs by the
usi ng the sane frequency band are dIStln%UIShed by t he
baxetP &t &t ohPha’edeOnCEhENBr PHEGEARPRLY tof AC codes.

codes. A basg CAZAC 00de ahdea GAZAC @Qgﬁchﬂﬁﬁgtggnerated
15 by cyclically shifting the base CAZAC code are
by cyclically shifting the Dbase CAZAC <code are

orthogonal to each other. This indicates that a group of
delay paths of a pilot channel comprising a CAZAC code
are also orthogonal to each other. That is, a delay path
delayed by t from the first path o¢of a pilot channel
corresponds to a pilot channel generated by cyclically
shifting the pilot channel of the first path by t . Thus,
using CAZAC codes generated by cyclically shifting a
base CAZAC code as in this embodiment makes it possible
to achieve orthogonality between mobile stations and
alsc to maintain the orthogonality between delay paths
of a pilot channel from each mobile station. This in
turn makes it possible to reduce intersympbol

interference observed at the base station to a very low

level.

<SECOND EMBODIMENT>
According to a second embodiment of the

present invention, although CAZAC codes are used for
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orthogonal to each other. This indicates that a group
of delay paths of a pilot channel conprising a CAZAC
code are also orthogonal to each other, That is, a
del ay path delayed by z from;;he first path of a

pi |l ot channel 20 corresponds to a pilot channe
generated by cyclically shifting the pilot channel of
the first path by 2. Thus, using CAZAC codes

geper at ed-Hynhycd | e |Mu$Bhbﬂ_bn9m@b¢Déls%t@°ZﬂQ1§0dl%1&fg the
in this enbodi nent makes it possible to achieve
or $ #BY oA AL et Vit mobNPe GG ofgd@nd 235 A1 ggnerated

ey, it a&gcmsamyhoggm@&hg bgt wggncdekayapat Bgde0f But are
pil ot channel from each mobile station. This In tarn

makeseratpdssilidenndtiube i Ater syrbe]  rasnagtistencaobile

ob grved, at the base station to a very low level. 30
SECOND EMBODI M NT> According to a second enbodi nent

of the presEm6. |annt$b©w5alﬂﬁﬁﬁ@h CAZAES cotlesdar etn this

gfgfbggﬁm%gf tB' %t% %gqfre ubfﬂgté§géﬁ§¥gi%§£2% the same

i'ONS Using t ency” band
coﬂeeqaeecyoba@@neﬂateﬂIGby7pyCAZAqupddn#1iM@daChase code

AC code, t are rated ind pende tly for the
repect e Robi | 2N8ZEERTI oY, EVEILF shive CAIRE not
codeshugedalln o hisch esbdr remh: tha i sdddgui s Iiﬁlﬂlelr%ymbol
stations using the sane frequency band. In FIG '7,

CAZAESEbRE SATCanG LERZACTE e © #2° 2 E°MDI NgEnBP&PRE By large
cyghi Grehi {4candyapg1 nat t10 fidiegonahat 0 LRGN OLMCER - codes

In this case, the intersynbol interference between
moBENeTstidtaonSARAG HHe asufar o5 &4SNFRE Sequences, are

ynLeeayi nbgletaterference ddale oecUes WAeR CRUES for pilot
ot her t han CAZAC codes, such as random sequences, are
channels, the orthogonallty between delay paths of each

pilot channel is maintained as in the first embodiment.
Therefore, compared with a case where codes other than
CAZAC codes are used, this empbodiment makes it possible
to dramatically reduce the 1interference between delay
paths and makes 1t possible to reduce the total
intersymbol interference observed at the base station at
least by the reduction of the interference between delay
paths. Also, the second embodiment can be applied to a
conventional system more easily than the first
embodiment because there is no need to control the shift

amount of CAZAC codes.

<THIRD EMBODIMENT>

In the first embodiment, mobile stations using
the same frequency band are distinguished based solely
on CDMA with CAZAC codes. In a third embodiment, both
distributed FDMA and CDMA with CAZAC codes are used. In
this embodiment, distributed FDMA 1is first wused to
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used. However, since CAZAC codes are used for pilot 15
channel s, the orthogonality between del ay paths of

each pilot channel is maintained as in the first

enbodi nent. Therefore, compaged with a case where

codes other than CAZAC codes are used, this

enbodi nent makes it possible to dramatically reduce

the interference between delay 20 oaths and mazes it

paesis thilreyd 0s 1 ediagel Tdhe stottalonant eW&)éﬂ‘bGPthieMeer teeenge large

observed at the base statjon at east t he ,

r SRS onO8F THBI{ Rt efRT eI 6t WOtpaPF@Slble to
A'c&%tfrl’@uﬁ@f@o%bqlf@dbﬁﬁﬁﬁoﬁén &elgapmw edit@rdbuted FDMA,
conventlonal stemnore easily than the first 25

erffsdl %e% aseons' pEPedil s tAE IdSd oo oot Whieh CAZAC
Sm:cfcies a'TQS_JE‘Ble bgAthfgs Cl‘ﬂggﬁo@ B RQM;EN@@EVEMEdedTLment or
t he |rst enbodi nent l e stations using

samee f regoedcyp harde arS@CGPlnéit |¢r@ke@@hré@lnbaseéﬂl§é1 eqiystrlbuted

d|é%rlbuteé%gﬂﬁazﬁg¥%§§h\%é?n é%%k%QEgggggg eH%%%%Othcome

Irnom§ﬂ$t@hbod|mmmMQg@mslr|bUQed &DMA fioSlihensed Tloerefore,
o‘slstdh% r%&‘f' SEtb b' ' £ stad.ons., Wen “E%re arSf reducing

er of e Staticons and it IS
pmmméﬁEEIéncdlSEhegmnﬁEﬁHﬁﬂIBeSWaénomiaMﬂand%/components

distributed F he nobjle stations are .
di §t% ngui hed bmk%th%%@cifode*%p%@:?ﬂ@ ¢t byYfRE 1n
med hoer butde fipvet ephodidentyierstddetrpetdatk okxtther. rFor
second enbodlnent%QVVth distributed FDMA, signals

e+ f reueh orfef3" betbREICRENp| GPBPgnents  are
ori hogonak 1@ eashuokherintherefore, distri buted M  The

is preferable in ternms of reducing 10 interference-
Then i aerval MBet wéen fEyukrty E8Rponéms (Gt hefrequency

CO&%M%&E%%H@”S&%H@%N um t%%e% 'Mhz distdibdtedhis case,

can be adjusted to sone extent. For
as shown in FIG. 8, 1t 1is possible to map a pilot

channel of another mobile station using the 5 MHz band
to the remaining four frequency components. FIG. 8 shows
mapping of pilot channels where two users are
multiplexed in the 5 MHz band by doubling the interval
between comb-1l1ike frequency components. Thus, by
adjusting the 1interval between frequency components, it
is possible to increase the number of pilot channels of
mobile stations using the same frequency band that can
be distinguished using distributed FDMA. However, the
number o¢f pilot channels distinguishable by this
approach 1is limited. Therefore, if the number of mobile
stations 1is larger than the 1limit, the CDMA schemes
described in the fairst and second embodiments are used
to distinguish the pilot channels of the mobile stations.

The present invention is not limited to the

specifically disclosed embodiments, and variations and
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exanple, in FIG 4, eight frequency conponents are

arranged at regular intervals in the 5 Mz band. The

15 interval may be doubl ed such that four frequency
conmponents are arranged in the 5 Miz band. In this

case, as shown in ,!G 8, it is possible to map a

pil ot channel of another nobile station using the 5

MHz band to the remaining four frequency conponents.

Flr(a o 8t shovso2d meppi Bg ohapil ofiwhamnelepaherieid Wrom the
users are nultiplexed in the 5 MHz band by doubling

t FECGRA efVal thBeteRFE bR ¥equéddy EGHpoRéfkt spresent
Thusseby: o@dji4stddig- £ head Nhebval bet weerfequentyodiments,
conponents, it is possible to increase the nunber of

pitst cHaARérstePnss npdiYecst afthéns eBPAYgiPARL§an@re not
fr yéPaPQrtgﬁé B?@segg @d%éﬂﬁﬂ%ﬁhgﬁu¥$ENQ embodiments
di stri buted FDVA. However, the nunber of pilot

cherinets Wisdi hgdivhdbhélpyorhiis capprhioadhcns |imted.
Therefore, | h i t.at | i.s.l.arger .
than the Iini?% ?ﬁgg%%ﬁk g&ﬁgﬁggtggn%éSc??EzéC?ﬁl%ﬁe claims
fipstomitdy sécond Jepodisrent st ane AgppdichoidnstNawgui8he-9302

t he. pi Lot channel s af, the bi stati.ons. The .
r e PRYARCRR T & ot 00 t BHCt 6 ERE Sajse0 ik 1§ Whien
di s aseteleybodtoepbsataddheaehat bgnsedrd chée .

nodi ficati ons may be made w t hout departing fromthe

scope of the present invention. Although the present
invention is described above in different enbodi nents,

the distinctions between the enbodi nents are not 5
essential for the present invention, and the

enmbodi nents may be used individually or in

conbi nation. The present international application

clains priority from Japanese Patent Application No.
2006-9302 filed on January 17, 2006, the entire

contents of which 10 are hereby incorporated herein

by reference.
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-T ,-AIM5S 1. A nobile station, conprising: a pilot
channel generating unit configured to 5 generate a

pi |l ot channel conprising a CAZAC code; a first mapping
unit configured to map the _@%Lot channel to a signa
including multiple frequency "conponents arranged at
regular intervals n a given frequency band; and i0 a
transmitting unit configured to transmt a
transm ssi on signal includi ggaamsout put signal from
the first mapping unit according to scheduling

i nformati on; wherein the first mapping unit is

configured 10 ABRK L Pit ot 1 6AANBELpLsEREG:f requency
conponents 15 such that the transm ssion Signal of

the own nobid ePstati 6haane It rEaRMIZEI oM SPghalerdfigured to
ot Nefe le Bt &@g'nh‘él ng 5 eauengy ;bands ~differ.ent

fron1t frequency band of the own nobile station
becone ort Hogdralstt omeaphngt herion %Jﬁﬁlel}umy taxi map the

\AﬁJezlot h?HgRRI IL.Le ) ag Qi %%ldj%{rﬁgdi %I %Ilcpl:}b’lézesfrequency

rein channel’ generat | i ncl
(nadmpbnénﬁilrqxnﬁngemonﬁlgaegmhba cyutea&dlp shinfta given
used for the pilot channel by a

pré%ﬁﬂ%ﬁ%ﬁ%c%ae %5 T&fgth. 3. The nobile station as

clainmed in cd atfedsmiwhene nuthe eyelfiguehidttoag tiirdsmit a
is configured to attach q_ta havi ng t he redetern1 ed

| gt eS| B4PRE L dat s 13610 tHe SHEPBF SHETGAzAGOM the
Coﬂﬁé‘@e{ﬁiagﬁﬁin@h@npﬂ@I‘c@héﬂﬁ@' tot @chbauheag afyddenation;

CAZAC code. 4. The nobile station as clained in claim

2, -10- whereln the first mapping unit is configured
to map the pilot channel to the frequency components
such that the transmission signal of the own mobile
station and transmission signals of other mobile
stations wusing fregquency bands different from the

frequency band of the own mobile station become

orthogonal to each other on a frequency axis.

2. The mobile station as claimed in claim 1,
wherein the pilot channel generating unit includes a
cyclic shifting unit configured to cyclically shift the
CAZAC code used for the pilot channel by & predetermined
length.

3. The mobile station as claimed in claim 2,
wherein the cyclic shifting unit is configured to attach
data having the predetermined length and including data
at the end of the CAZAC code used for the pilot channel
to the head of the CAZAC code.

4. The mobile station as claimed in claim 2,
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wherein the cyclic shifting unit is configured to
attach data having the predeterm ned | ength and
including data at the head of the CAZAC code used for
the pilot channel to the en 9Qf t he CAZAC code. 5 5.
The nobile station as claimed’in claim1, further
conprising: spreading unit configured to code-spread a
data channel; and 10 a second mappi ng unit configured

t QB &N t@@t@yélﬁtggahftﬁa@w tihe tsprseadin¥g tda 1o @aattach
signal _including multiple frequency conponents
arq%srrﬁge@aa%nglr &gl @rrqqﬁt@rwrsecﬂ nlalgrVeAnfr ddireitding data

band;c wherein thechranaghtt kBgeURiskd Lo OYW b Ochannel
15 transmt the transm ssion signal including the

ottputhe sipha® s FronvAARC £PEE-mapping unit and the

second nmapping unit. 6. A base station, conprising:

20 a replica generating unit configured to generate a
pilot channeb. r 8pki cwpbidecosretathomsunita vordi goredaim 1,

rrelat"on bet ween a received
ol X el S 155!

S|gna an channel replica; 25 a channe
estimati on Uﬂlbpmeaﬁu@@remntb cperfiigumechanoelcode-spread a
e(%Hyatlon based on an output fromthe correlation

35 AP ¥ Gbhodifat i on unit configured to dempdul ate

the recei ved sisgnaindasedpangt hent esutdnofgehesinelo 3@p an
estimation; wherein the replica generating unit

i et idlds & HPrat c%%ﬂﬁelt%%ne?%f?ﬁﬁlﬂﬂltuEbEfubare@ signal
togeneiate anpitoplehamnelueorly | YoM HAZAC Lofnged  at

regular intervals in a given frequency band;

wherein the transmitting unit is configured to
transmit the transmission signal including the output
signals from the first mapping unit and the second

mapping unit.

6. A base station, comprising:

a replica generating unit configured to
generate a pilot channel replica;

a correlation unit configured to calculate the
correlation between a received signal and the pilot
channel replica;

a channel estimation unit configured to
perform channel estimation based on an output from the
correlation unit; and

a demodulation unit configured to demodulate
the received signal based on the result of channel
estimation;

wherein the replica generating unit includes

a pilot channel generating unit configured

to generate a pilot channel comprising a CAZAC code,
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10- and a first mapping unit configured to map the
pil ot channel to a signal including nmultiple
frequency conponents arranged at regular intervals in
5 a given frequency band. 7.~ The rase station as
claimed in claim6, wherein the pilot channe
generating unit includes a cyclic shifting unit
configured to cyclically shift the 10 CAZAC code used
for thegpil ot channel by a predetermined Ilength. 8. A
comuni cation system conpri sing: ,nultigle nobi | e
stations; and 15 &1BaSe SPRt¢h;Uwher ePRLafuFeds{oof@p the

of the; Mobil ¢rshatdionsoincl ude gpill ot 18kgn8kng multiple
generating unit configured to generate a pilot
channefe@ompey sk AgranEAZACaEsdaJed2@ ta Heasla elgpiggrals in

unit §9§I$QHrfge%8eH?? thegpil ot channel to a signa
e e

including multip guency conponents arranged at
regular intervals in a given frequency band, and a

transmtting, unit, copnfL “recdaéiooér%'ls”'%ian%éda‘n claim 6,
transmi ssi on signal Tnc udi ng ‘an oufpu S|gnaljfrom
t hehdfraist mappi pgloni tcleooos di nprtar sscheduliunig  includes a

i nformation; _.wherein the first mapping unit i .
CONAGUT et L b g e BIATHE ATt 6YERe CPRSqueiy T the
camrrEendSde 3@ssdchot hahet Be1brarsng 10 Signate® termined
the own nobile station and transm ssion signals of the
ot¥f&SMobi I e stati ons usi ng frequency bands different
fromthe frequency band of the own nobile station

becone ‘ , o
8. A communication system, comprising:

multiple mobile stations; and
a base station;
wherein at least one of the mobile stations
includes
a pilot signal generating unit configured
to generate a pilot channel comprising a CAZAC code,
a first mapping unit configured to map the
pilot channel to a signal including multiple
frequency components arranged at regular intervals in
a given fregquency band, and
a transmitting unit configured to transmit
a transmission signal including an output signal from
the first mapping unit according to scheduling
information;
wherein the first mapping unit i1is configured
to map the pilot channel to the frequency components
such that the transmission signal of the own mobile
station and transmission signals of the other mobile
stations using frequency bands different from the

frequency band of the own mobile station become
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-21- orthogonal to each other on a frequency axis; and
wherein the base station includes a replica generating
unit configured to generate a pilot channel replica,

5 a correlation unit configured to calculate the
correlation between a received signal and the pilot
channel replica, a channel estinmation unit configured
to performchannel estimation based on an output from
1@ Adhegntdel @l | encrinbthe ANEn aa derpdubatiy08x4RI;t and
configured to denodul ate the received signal based on
the result ofReThighnete 23t tdht GRdIRAEHERR t he

replica generating. 4pitchncladesatrifga phiot €bapNghrea to
generating unit configured to generate a pil ot

chann@fnebapPi 8i RglatCAZAC Ead& s lard a first mapping
uni t Conf'guredatQOQ§%ﬂ§%ioﬂM&§EtCB@H@?buE@daﬁ%§¥%¥culate

including multiple 20 frequency conponents arrange
at regukarcamearatalen i betaeginven frecpieney arghald, apd the

conmupi [ 0 2d_in a conmmunication system
inclu§4%§£n§F?H§F2 %Sgﬁﬁgaétations 25 and a base
station, conprisinghasteps,epeihatned bynat |easfigneed to
of the bile . stations ener tiQ%%a pilot ch

of nnel
compr PEF A8 EAFAC Lodst 150 hppi To- The °pi I G0 Chiawiie £TOT
to a shgnabrrienekudnngnml,t iaplee frequency conponents
arranged at regular intervals in a given frequency q
hand, and demodulation unit conrigure to
demodulate the received signal based on the result of
channel estimation: and
wherein the replica generating unit includes
a pilot channel generating unit configured
to generate a pilot channel comprising a CAZAC code,
and
a first mapping unit configured to map the
pilot channel to a signal including multiple
frequency components arranged at regular intervals in

a given frequency band.

9. A communication method uased in a
communication system including multiple mobile stations
and a base station, comprising:

steps, performed by at least one of the mobile
stations, of

generating a pilot channel comprising a
CAZAC code,

mapping the pilot channel to a signal
including multiple frequency components arranged at
regular intervals in a given frequency band, and

transmitting a transmission signal
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15

transmtting a transm ssion signal including the
signal according to scheduling information, wherein
the mapping is perforned such that the transm ssion
signal of the own nobile stati,on and 5 transm ssion
signals of the other nobile Stations using frequency
bands different fromthe frequency band of the own
nobi |l e station beconme orthogonal to each other on a

ffeQU@H@Yualhg: apdest epsgnper f osaBIrlynthe Base scheduling
station, of 10 calculating the correlation between a

recei vBdosPghaPNand a pil ot channel replica and

perform ng chanpel resti mald Qﬁlapﬁm?dﬁgog@ﬁdme& h€ich that
recei ved signal based on the result- of channe

est i nhfiPohransmilsereinn stileeagi gt Wifammiel we&pl ieastation and
S50 LEHSRY TSGR LBl L SUANEL DN SLATIR, vt ions
conponenty aframgetcat beegid adifheepndl sfioma tgievehrequency
frequgggh %%“%he own mobile station become orthogonal to
each other on a frequency axis; and
steps, performed by the base station, of

calculating the correlation between a
received signal and a pilot channel replica and
performing channel estimation, and

democdulating the received signal based on
the result of channel estimation,

wherein the pilot channel replica is
generated by mapping a pilot channel comprising a
CAZAC code tc a signal including multiple frequency

components arranged at regular intervals in a given

frequency band.





