-1 TITLE OF THE | NVENTI ON MOBI LE STATI ON, BASE STATI ON, AND PROGRAM FOR AND
METHOD OF W RELESS TRANSM SSI ON BACKGROUND OF THE I NVENTION 1. Field of the

| nvention. The present invention generally relates to a technology for

wirel ess transm ssion, and particularly relates to a nobile station, a base
10 station, and a programfor and a nethod of wireless transm ssion 2.
Description of the Related Art The developnent of a fourth-generation nobile
comuni cations nmethod, which is the next- generation 15 nobile

conmuni cat i ons net hod beyond I er' 2000 (I'nternational Mbbile

Tel econmuni cdtiTdds OZ QT underway. A fourt h-generation nobile

nclugi ng a cel HFLTSP;@%S%“??%E?W&?A%% SRR 26 BRI Bhfent such

as a hot - spotangr egERMED a0F | WIRKELESSNVTRENSRETESION as to seek a further
increase 1in spectral usage efficiency at the respective cell environnents,
is being desired. As a candidate w rel ess access nethod in the 25

f our t h- gener aijicaraokbl €r coMMURERtoRS Which is applied to a link froma
nobile station to a base station referred to as an uplink below), DS-CDVA
(Direct Sequence- Codelbi §#8térPMANS gnecpgeess) is considered to be

prom sing fromthe poi I%en‘%r thAferitl ohSgaRe Pty GhatLy syitable for the
cellular system DS-CDVA nul |es to a transm tti'ng signal a spreading
code so as ta speehtoiema \Kpdeb@n&lﬁsgnatra‘mmﬁsnansmassi on (refer to

bel Ow'identif};aezdcilggﬁé?ﬂren}el'a%es to a mobile station, a base

10 station, and & program for and a method of wireless

Y
(e

transmission.
2. Description of the Related Art
The development of a fourth—-generation mobile
communications method, which 1is the next- generation
15 mobile communications method beyond IMT-2000
‘ (Internaticnal Mobile Telecommunications-2000), has been
underway. A fourth-generation mobile communications
method flexibly supporting a multi-cell environment
including a cellular system, as well as an isolated
20 cell environment such as a hot-spot areaz and an
indoor environment so as to seek a further increase
in spectral usage efficiency at the respective cell
environments, is being desired.
As a candidate wireless access method in the
25 fourth-generation mobile communications which is applied
to a link from a mobile station to a base station
(referred to as an uplink below), DS-CDMA (Direct
Sequence—Code Division Multiple Access) is considered
to be promising from the point of wview that it is
30 particularly suitable for the cellular system.
DS—-CDMA multiplies to a transmitting signal a spreading
code so as to spread to a wideband signal for

transmission (refer +to below-identified Non-Patent



Docunent 1, for exanple). Reasons that DS-CDVA is suitable for the
multi-cell environnent including the cellular system are described below 5
First, a suppression of the peak-to-average power ratio to a |low |evel
relative to a wireless access nethod using a | arge nunber of sub-carriers
such as OFDM (Ot hogonal Frequency Division Miltiplexing) and MC- COVA
(Multi-Carrier-Code Division 10 Multi plﬁ Access) is enabled. Therefore, it
is easy to inplenent a reduced power cofisunption which is one of the

i mportant desired conditions for the nobile station. Second, while there is
potential for_a reducﬁfi on_in a reg i{ed transmtting power by a 15
coher ent - det e BPFERSTS| g obei c &6l E‘F bt channel s, assuming that power

| evel s of the pilot chamaedsnar ehathosaper OS COWcdislat ifye tuthesuch net hods
as CFDM and MC-CDMVA has a | arger pilot-channel power. per carrier.
Therefore, an™H¢ELTERE cRANAEPIBIRT nAPFOHASYS adhEo T 18Uppr s e required

transmtting pewergdapkawhengl is enabled. Third, in the nulti-cell
environment, even when using carriers having the sanme frequency in
nei ghboring cells, DS-dDwstenabl esuppragsperassiionthe Xeaknterdeeragse fromthe

nei ghbori ng cells, (rafigrr ed,tq agq, " qgh- Gell.diaLerfer encg' daglaw due to a
spreading gafn obtained by spreading. eref'ore, an easy imnplenentation of
one-cel |l freqaeneysr eshodhicdingl bocres ahkmisarai bAblsatspeetiats bands to

t he 30 ti |15 1 d. T f | at i, t TDVA (Ti
Di \e/i Si oLe:/Iuoleflslﬁ\lég ,%gsceégg)ﬁmﬁ{b%%lh%fg\?m ng%Ie%ng?/%ieIDggil\éggﬁgctraI bgn:jgeso as

to al |l ocate dvbhfeiphéxirsgpectnal Maudsat oeiFespecétveaodel bsvisivn ncrease
in the Spf&”?&!.ll%?% ee eAfcfcie(s:is)enCiysisenae]:r)] gcli.ed'l“herefore, it 1is easy to
implement a reduced power consumption which is one of
the important desired conditions for the mobile station.

Second, while there is potential for a
reduction in a required transmitting power by a

15 coherent-detection using dedicated pilot channels,
assuming that powexr levels of the pilot channels are
the same, DS—CDMA relative to such methods as OFDM and
MC-CDMA has a larger pilot-channel power per carrier.
Therefore, an accurate channel estimation so as to

20 suppress the required transmitting power to a low level
is enabled.

Thixd, in +the multi-cell environment, even
when wusing carriers having the same frequency in
neighboring cells, DS-CDMA enables a suppression in

25 interference from the neighboring cells (referred to as
“other—-cell interference” below) due to a spreading
gain obtained by spreading. Therefore, an easy
implementation of one-cell frequency reuse which
allocates all available spectral bands to the

30 respective cells is enabled. Therefore, relative to
TDMA (Time Division Multiple Access) which divides all
available spectral Dbands so as to allocate different

spectral bands to the respective cells, an increase in



However, as DS-CDVA is a wireless access nethod suitable in the nulti-cel
environnent, there is a problemas described bel ow as a cause for concern.
5 1n other words, in the isolated cell environment such as the hot spot
area and the indoor environnent in which an effect of other-cel
interference is usually small, the advantage of reducing other-cel
interference by spreading is low. Therefmpre, in DS-CDMA,, 10 a | arge nunber
of signals of sinultaneously accessing nobile stations need to he
accommobdated in order to achieve the sane | evel of spectral usage
efficiency asthéen sHeMAraForusaxgenptesfiadeeryt hes r eapptédve nobile 15 stations
transmt transmtting %thals havi n nultlplled spreadi ng codes with

spreadi ng factor of SP,ACHIYET tr&hsmPssPdh dat a¥r AEECHEEDNESOPSE so t hat
with DS- COMAnthes® isgidapneed ;to @s"&omég@eﬂheeﬁb%@mr& ZO0fhesE ?52' le

stations in order to achieve the same |evel 20 of spectral 'usage ef i ency
as TDVA. Howe¥erbrabdemn asactgarruptd nkewpyelasssapraspsgat fon epvceonnent, an

effect of Jwul pI AGC terference. n C he signals fromthe
respective nmo |Ié&?tgtﬁ%%§kp %rﬁ%?% ﬁé$¢§%ﬁ% %%g%h%Pv ae"f'e gglf?&%ences in
25 condition af pihepagat i @pofcr amdaheaneéspeet | rdombi kavissratéronsiho the base

tati f t t del f t
hannel) becolRec” pPdo T - °f ACHCFERH , PHEYAREELTEl Bsaberar i ency

normal i zed bysmdanel,splteadlar@afmt;@r A deaﬁtixb@doabeyecells reduced to about
20- 30 percent, On t he ot her hand |.FDVA (I nterl eaved ggqugnc
oS T

Di vi si on Ml t +BF %: PY 5EFRESPAdIS a2 aTREFEFRSS a
whi ch enaly esza raducth@ibf of signals of simultaneously accessing

mobile stations need to be accommodated in orxder to
achieve the same 1level of spectral usage efficiency as
in TDMA.
For example, when the respective mobile

15 stations transmit transmitting signals having multiplied
spreading codes with spreading factor of SF, the
transmission data xrate becomes 1/SF so that with DS-
CDMA there 1is a need to accommodate the signals from
SF mobille stations in order to achieve the same level

20 of spectral usage efficiency as TDMA. However, in an
actual wuplink wireless propagation environment, an
effect of Multipie—Access Interference (MAI) in which
the signals from the respective mobile stations
interfere with one another due to differences in

25 condition of propagatibn from the respective mobile
stations to the base station (for instance, propagation
delay time, change of propagation channel) becomes
predominant. 2As a result, the spectral wusage efficiency
normalized by the spreading factor as described above

30 is reduced to about 20-30 percent.

On the other hand, IFDMA (Interleaved

Frequency Division Multiple Access) 1s being studied as

a wireless access method which enables a reduction of



the MAI as described above (for exanple, refer to belowidentified

Non- Pat ent Docunent 2) | FDVA applies a synbol repetition to. a data synbol
so as to performa sorting to generate a predeterm ned synbol 5 pattern and
to multi-ply a nobile station-specific phase to a transmtting signal for
transm ssion. | FDVA reduces the MAl as the generation of the predeterm ned
synbol pattern and the nultiplying of thg-nobile station-specific phase set
the signals fromthe 10 respective nobile station to be arranged on the
frequency axis w thout overlapping one another- Furthernore, a study of a
transm ssi on thal nguroakr aesasisaat hesowet hosk obxeagle) ngesueh Al so as to
i nprove the spectral usage efficiency is underway 15 (for example, refer to
bel owi dent i fgé%lo’ﬂk‘)h APt eHEIDRRRRRATERT FPEFUNPIA dhd EFEMA4FPPALESdi agr ans
whi ch respechi vighybdil | Héfaé@iﬁéﬂ meocf@r Eﬁtﬁorsﬁb8§s%00f as@pR) ying a

transm ssion tim'ng control in an uplink or a case of not applying
such contr ol E@éﬁ@ﬁmn@ 20°cFbihetpelganmyaget .2 Aprptitvemtiatasdd symddle case of
FIG 43A 9 S n _ i ignals
ransm tted {PORERS Foopeat M rBLki vor B0 ¢ hEBtn 290 Hase Moo

coi nci dent retei \ed trersmgstitg t héghase fSrat foamsil68s28ndud FOdiAt he di f f erent
delay tines of ro g%lon}&(’.‘p t he base stat on 1%? he efo N wi.th the
transni ssi on % cont r fRe TranSHiEE? Jgortl ndsof PYFEE LS EURES i ve
mobi | e stati 05§m86![) tpategh 224 atRe Gontuigliesysert haie t RevLespective
signals transmtted 30 fromthe respective nobile stations 200 through 220
are received StAEREPSIRREYHS 2R t RE has sEAI0T TP &B€h perforning of

t{a{lsm S?OGO)n tbahast cont kRbi1 enakles ohecept ben HirasigRalsh aknkhe base
station -
frequency axis without overlapping one another.

Furthermore, & study of a transmission timing
control as another method of reducing such MAI so as
to improve the spectral usage efficlency 1s undexway

15 (for example, refer +to below-identified Non-Patent
Document 3). FIG. 43A and FIG. 43R are diagrams which
respectively illustrate time charts for a case of
applying a transmission timing contrecl in an uplink
and for a case of not applying such control according

20 to the related art. As illustrated in the c¢ase of
FIG. 43A in which a transmission timing control is
not applied, the signals transmitted from the
respective receivers 200 through 220 have non-
coincident received timings at the base station 100

25 due to the different delay times of propagation +to
the base station 100. Therefore, with the transmission
timing control, the +transmitting timings of the
respective mobile stations 200 through 220 are
controlled so that the respective signals transmitted

30 from the respective moblle stations 200 through 220
are received at the same timing at the base station
100. Such performing of transmission timing control

enapbles reception of signals at the base station 100



fromthe respective nobile stations 200 through 22C at the sane tinme (refer
to FIG 43B) - Wen using at this tinme orthogonal code as spreadi ng code,
the received signals fromthe different respective nobile stations 5 at
such timng are orthogonal to one another so as to reduce the MAI. Hereby,
i nprovenent in the spectral usage efficiency is enabled. Furthernore, a
study of a technol ogy which suppresses,sfor a received signal affected by
multi- 10 path interference, nulti-path interference by signal processing at
the receiver is underway. A nulti-path interference canceller (for exanple,

refer to bel opromdeamd f teshdNan~Rat gsmbi RocyreBiody asoi |d4rusiucgat egho nzkl G 44,
a chip equalizer (for exanple, refer to_below 15 identified Non-Patent
Docunent 5) a&hfl |S#8te ate®ei ATrfer 5, Find &Freqliefrey @énai meqlBhifzer

(Tor example. «;hef YrhdqBehowddent 1 i ad.boas kat encDocuent 6L s
illustrated in FIG 46 are representative exanples. The nul ti-pat
interference sagoels erfr20 aghd | Husfexewd rrRspéG il msbibamt esadndngener at es

at a nult'-pg h hﬂﬁgr §r§ncea§ggqghj§§%in?tq&33g% a signal conpaonent

causi ng mi ticpatH i nt sFFerenf&S(rereresi®to “as A mi i FAt i°F effi ca bel ow)
and subtract stbheredestd neted Maul. t iBqadly,i nimgiecerae rapl ikba aspateseni bed 25
above froma received signal. Hereby, a reproduction of a received signal
havi ng a reduEEﬂg?nH%qf}ﬁgFﬂcyiﬁFbr?@ﬁ?ﬁﬁ?b effect is enabled. The chip

equal i zer as illustrateguithdrrore45 a JeREARAL &5 ab a Lhabnehy MBiHion gener at or
361 a channel 30 matrix which shows the anmount of change through a

propagati on cRARREPSTISa FeEeivedesPyiRd §6983!t dffgerrde B omiihE matrix at

a weighting faster @sld-Matefce 362uac\ehg i ngrbagtpnvhi gh reduces:

il ti-path -6prOCessing at the receiver 1s wunderway. A multi-path
interference canceller (for example, refer to below-
identified Non-Patent Document 4) as illustrated in FIG.
44, a chip equalizer (for example, refer to below-

15 identified Non-Patent Document 5) as illustrated in FIG.
45, and a frequency-domain equalizer (for example,
refer to below-identified Non~-Patent Document 6) as
illustrated in FIG. 46 are representative examples.

The multi-path interference canceller

20 as illustrated in FIG. 44 estimates and generates at a
multi-path interference signal estimator 351 a signal
component causing multi-path interference (referred <o
as a multi-path replica below) and subtracts the
estimated multi-path interference replica as described

25 above from a received signal. Hereby, a reproduction
of a received signal having a reduced multi-path
interference effect is enabled.

The <chip equalizer as illustrated in FIG. 45
generates at a channel-matrix generator 361 a channel

30 matrix which shows the amount of change through a
propagation channel of a received signal so as 1o

" derive from the matrix at a weighting factor estimator

362 a weighting factor which reduces multi-path



interference fromthe matrix and to nultiply at the chip equalizer 363 the
wei ghting factor as described above and the received signal (this operation
is referred to as an chip equalization). Hereby, a 5 reduction of an effect
of nmulti-path interference is enabled. The frequency-donain equalizer as
illustrated in FIG 46 converts a received signal at a tine-to- frequency
converter 371 into a frequency-domain sighal 10 so as to then derive at a
wei ghting- factor estimator 372 a weighting factor which reduces nulti-path
interference, and to multiply at the frequency-domain equalizer 373 a

wei ghting factgretdetbeed egebyednd r RgLLNCY adamaid ﬁb%?élfoaés fHe convert
to the tinme 15 donain at the frequency-to-tine converter 374. The

per forni ng of c&dph opwldiesns3habhes welgdddbpngasttor- tde erperibed
mul ti-path interfere . n- 2 ; At < Al .~ S:.Abeta, and M
20%%@@8 & tfg‘é’ L%%tei(}%dmscigﬂgl i%lﬂaspp%g%?-ﬂ]:‘tcn is

Sawahashi , r oadband packet w rel es cce iate for high- speed
and hi gh- capacietfgrtradoughpas, "anl EEELINVTER20011i Spriorg,. pPerdiy, 566-570, 2001

Ncn- Pat ent . Docunent . 2 25 Schnel |, I..Broek, and U, Sorger, "A prom sing
new w debahd MIFEFbi82 addess sOERE™ Ff PO tF & obi FBEbiAARCSat Ton
systens, " Eurep@sbedrans. on Tel ecommun. (ETT) , Vol .10, No. 4, pp-

417-427, July/Aug, 1999 30 Non-Patent Docunent ;3 Een- Kee Hong, Seung-Hoon
Hwang, and Keum Chan Whiahg, STSPNERF¥HOUIE T SRAL$EFHN atsechlrﬁ‘h%éaf‘:(?? t he

in FIG. 46 converts a received signal at a time-to-
frequency converter 371 into a fregquency-domain signal

10 so as to then derive at a weighting~-factor estimator
372 a weighting factor which reduces multi-path
interference, and to multiply at the frequency-domain
equalizer 373 a weighting factor to the receilved
frequency-domain signal so as to convert to the time

15 domain at the frequency-to-time converter 374. The
performing of such operations enables a reducing of
the effect of multi-path interference.

Non—Patent Document 1

H. Atarashi, S. Abeta, and M. Sawahashi,

20 “Broadband packet wireless access appropriate for high-
speed and high-capacity throughput,” IEEE VTC2001-Spring,
pp. 566-570,

May 2001

Non—-Patent Document 2

25 M. Schnell, I. Broek, and U. Sorger,
“A promising new wideband multiple—access scheme for
future mobile communication systems,” European Trans.
on Telecommun. (ETT), Vol.10, No. 4, pp. 417-427,
July/Aug. 1999

30 Non—Patent Document 3

Een-Kee Hong, Seung-Hoon Hwang, and Keum-Chan
Whang, “Synchronous transmission technique for the

reverse link in DS-CDMA terrestrial mobile systems,” pp.



reverse link in DS-CDVA terrestrial nobile SY3tens," pp. -7 1632-1635, Vol.
46, No. 11, IEEE Trans. on Commun_, Nov., 1999 Non-Patent Docunent 4

Keni chi Hi guchi, Akihiro Fujinmura, and Manoru 5 Sawahashi, "Milti-path
Interference Canceller for Hi gh 10 15 Speed Packet Transm ssion Wth
Adaptive Modul ati on and Coding Schenme in WCDVA Forward Link," |EEE

Sel ected Area Communi cations, Vol. 20,-We. 2, Feb. 2002 Non-Patent Docunent
5 A Klein, "Data detection algorithns specially designed for the downlink
of CDMA nobile radio systens”, in Proc. |EEE VTIC 97, pp. 203- 207, May 1997
Non- Pat ent Dodésent685D. Vedl.cop®er , NSL. Al yavisik t d@cdhs . A orBeoyatim-, Seeyar,
and B. Eidson, "Frequency domain equalization for single-carrier broadband
Wi rel ess syst@ﬁg"; I’ BEE Conmun. Mag., Vol. 40, No. 4, pp. 58-66, Apr. 2002.
However, because there ysnnpessffeadbfgngal Nng20 in IFDVA, it is necessary to
divide all available spectiral bandsS so as to allocate different spectral
bands to the respectiveKeei¢kl Fharehbr eAkéhéno wien imydapt iang Ntpmm r el ess
access nethode.jtii i ff - S i ea i ect.J. usage
efficiency?ZSSﬁhEB%gﬂgthehﬁ%k%i-cgﬁl%gﬁs??%%%ga g%a&g%%gfsggﬁtgé%haell

envi ronment . Fpeedn@adse | Aradmnispaonr diiwsageéapeffe cMedayatier eas@s t he

nunber of nobile.statdions whic be, acconmodat.ed, i n_t he _base station at
t he respecti&@gégglgk%ﬁngb tH gkﬁﬁgéeE&ﬁwﬁﬁgrgéggﬁdSOI%%%nﬁﬁ'E%E?%ns-link

capacity. Area Communications, Vel. 20, No. 2, Feb. 2002

Non—-Patent Document 5

10 A. Klein, "“Data detection algorithms specially
designed for the downlink of CDMA
mobile radio systems”, in Proc. IEEE VTC’97, pp. 203-
207, May 1997

Non-Patent Document 6

15 D. Falconer, SL Ariyavisitakul, A. Benyamin-
Seeyar, and B. Eidson, “Frequency domain equalization
for single-carrier broadband wireless systems”, IEEE

Commun. Mag., Vol. 40, No. 4, pp. 58-66, Apr. 2002.
However, because there is no -spreading gain
20 in IFDMA, it 1s necessary to divide all available
spectral bands so as to allocate different spectral
bands to the respective cells. Therefore, even when
adopting such wireless access method, it 1s difficult
to seek an increase 1in the spectral usage efficiency
25 in both the multi-cell environment and the isolated
cell environment. The increase in the spectral usage
efficiency increases the number of mobile stations
which can be accommodated in the base station at the
respective cells so as to achieve an increased
30 communications-link capacity.
Furthermore, as the related-art technologies
as described above are technologies concerning single

elements within a wireless transmission system, in



Furthernore, as the related-art technol ogies as described above are

t echnol ogi es concerning single elenents within a wireless transm ssion
system in -8 order to actually build a wireless transm ssion system a
study on a specific configuration of a base station and a nobile station as
wel |l as on an overall configuration and al so on a specific controlling
method 5 of these single-elenent technebegies is needed. However, as a
sufficient study concerning the points as described above has not been
performed to date, there is a demand for a specific configuration of a base
station and aoxabicl etst attoslld 0 bSUWWARY @QErdHEsd NVERRENdior ssasgeanger al

obj ect of the present invention to provide a wireless transm ssion, a

mobi | e stati &n, SEHas@ stdt iSERCIAL pr SGPARPEEREIhd O et R8RS 15 TGt ign
wireless tranggigssi oncbhat substiantial | ye0Dviat eonong, obyapse probl ens
caused by the Iimtations and disadvantages of the related art. In |ight of
t he probl ens &ndégerabian abode,alda P8 & nepechara i canbrobldjrect meothede
present - 20; | NYEN L0 OPLOYLIE) andiID L Sl AldAls 25D3RRakation, @ program
for and a nethod of a wrelfess transm ssion that achieves an increased
capacity of a communi calipeseer) i ak i bofhickddt estidpnments as descri bed

above for conducting co ni cati.ons_by S—CDQA. Furt hernore he 25 present
i nvention rel é:toélge%g‘g'rég m)r{g:él PRTATT ofi° acgﬁggé o4 aatl{ioa'ﬁ, }éasprga%ar%efe&, and a
met hod of a wipeelfesgedt ransa:ssj orhebechsachi exgmndTpf oy egedpddi filke

spectral usage ﬁtficienc , for exanple, in an isplated cell environnment as

the increased “CRpaBITFIT! alhi ved2H§ HEOAB- Fd Pegikpile station.
10

SUMMARY OF THE INVENTION

It 1s a general object of the present
invention to provide a wireless transmission, a mobile
station, a base station, a program for, and a method

15 of 2 wireless transmission that substantially obviate
' one or more problems caused by the limitations and
disadvantages of +the related art.

In light of the problems as described above,
it is a more particular object o©f the present

20 invention to provide a mobile station, a base station,
a program for and a method of a wireless transmission
that achieves an increased capacity of a communications
link in both cell environments as described above for
conducting communications by DS-CDMA. Furthermore, +the

25 present invention relates to a mobile station, a base
station, a program for, and a method of a wireless
transmission which achieves improvement in the spectral
usage efficiency, for example, in an isolated cell
environment as the increased capacity 1s achieved by

30 one-cell reuse.

According to the invention, a mcbile
station which wirelessly transmits to a base station

by DS-CDMA a signal which i1s spread by multiplying a



According to the invention, a nobile station which wirelessly transmts to a
base station by DS-CDVA a signal which is spread by multiplying a -9
spreadi ng code includes a chip-pattern generating unit which generates a
predeterm ned chip pattern by performng a chip repetition for a
predet erm ned nunber of repetitions to a spreading chip sequence, and a 5
multiplying unit which nmultiplies to a sygnal including the predeterm ned
chip pattern which is generated by the generating unit a phase specific to
the nmobile station. A nobile station in an enbodi nent of the 10 invention

enabl es a redygitoaind tdRRSMihtlgesi ghalchipi-phetd el | REnwirkhigge anot her,
as the frequency spectruns of the respective nobile stations are
fr equency- don#hich or t GORdICSeve® | nPAcEERITHMSRU| t CHLE noBR TSt at ihs

si mul taneous'ge%\ﬂﬁ dng to,dde s Q@i@fﬁ? shationg. Sueh 1o o gd%mp& of
mul ti pl e-access I nterference i'ncreases the spectrgf usage eF iciency in an
i sol ated cel | océnvirepabehtons n whi ch aspmefddéoyg ofhdpchsemtendeer ereoel | 2 '

dom nant as ._achi eve_an increased link capacity. As result,. when
connunica??ngm5§gtﬁé¥jﬂﬁA,uﬁﬁgaﬁgpﬁfhgméht%ﬁ} SEel 1° f Pedlreity an?%ﬂggm%sing
only spreadi nghaot pusdeige fdiingd epetibt | pateseh adigiehan iapphyhagaodd chiyp
repetition in an isolated cell environnent enables an inplenentation of an
i ncreased | i nkRScaf&BFFFT1MP bothitel # eRPEFONARRESIICACCH di HiF t 0" Riotsher
aspect of thegitgvestion, 25 a nobile station which wirelessly transmts to
a base station by DS-CDVA a signal which is spread by multiplying a
spreadi ng code incl udes ?a RPHhIpreedEioon 18 r &fs neERIBHMNN Ay égﬁtrol uni t

whi ch contg ol $pLEANGM T d NGkl NgS ,Qfqdt@BAM it | RYaSdiidli$550s 1314 30
time difference at the base station anong tim ngs of
interfering with one another, as the frequency spectrums of
the respective mobile stations are frequency-domain
orthogonal even in a case of multiple mobile stations
simultaneously connecting to the same base station. Such
15 reduction of multiple-access interference increases the
spectral usage efficiency in an isolated cell environment
in which an effect of such interference is dominant so as to
achieve an increased 1link capacity. As a result, when
communicating by DS-CDMA, an applying of one—cell frequency
20 reuse using only spreading not using chip repetition and
also an applying of chip repetition in an 1isolated cell
environment enables an implementation of an increased link
capacity in both cell environments.
According to another aspect of the inventiocn,
25 a mobile station which wirelessly transmits to a base
station by DS-CDMA a signal which is spread by
multiplying a spreading code includes a high-precision
transmission timing control unit which controls
transmitting timings of +transmitting signals so that a
30 time difference at the Dbase station among timings of
receiving from mobile stations approaches zero.
A mobile =station according to an embodiment

of the invention enables an increased link capacity



receiving fromnobile stations approaches zero. A nobile station according
to an enbodi nent of the invention enables an increased |ink capacity -10
wi t hout having to set at the nobile station individual wreless interfaces
for the respective cell environnments by setting the wireless paraneters of
the spreading factor of the spreading code and the nunber of chip
repetition to 5 change. Furthernore, the; gpreading factor of the spreading
code and the nunber of chip repetition may be variably controlled based on
a set of controlling information froma source external to the nobile

stations (suchiegotheHhasey siAtkeps andthbe mgver kscahich the: vohide
stations are 10 connecting?. A nobile station is enabl ed an appl ying of one-
cel | frequencyrFelles i IS IEORA 4AH AhserefprrLiofa feldpenuhionmenteadithg
factor and th r LD repetit] Leh a i ceount_ such
effects as thge?g uct]ﬂgén %ﬂ%&lsgb?a%hﬁ%g%%ggé?i itlh%)ngg %\Qtlilncfeiga}scgﬁﬁrn Qﬁe
spectral usagehd5sgikkrdirmcycsde asntio theplrembetr arf iddipeaseastditiloncapaci ty
is enablgg. FurthernPre a smﬁtch%ng of ceLI-sEecific or user- specific
scrambl i ng codedi9and® WbBiTE L at iT0f- SPEEPFIEI phASET s¥uEht eSPE %n t he
set of infornabdenaheomidhenenicar ngf <HOHr GRpesienak! ady The speeismly usage
efficiency is 20 enabled so as to inplenent an increased capacity.
Accordi ng to SABERRYLSE RESedornt Re SPhveAt FBRLTClE 198 é nEPERE BFPMNE TN %

enabl ed to cogpupteab@rubidn ato MRkl GoBhiaki QRakH6hHA8S AL as the base
controlling-information transmtting unit which transmts to the nobile

station 25 ass‘éagieﬁfn%)f 2gdntihsl | nefgrdmtcor Wat tlonthan Mokl e nertiagh onsetare
| ndi cati ngh ancEANLLOIMBN! A0hoBs 81 L MU 1S cnlBldlag, bk Do bt | gt at | on,

or an information set “indicating the power of interfe m surroundi ng
cells, or an realbrieedquancyetreisei TathNrFLAApropgagase wring0ofhahaedpiciomdi ti on,

and a receiViQﬁrégﬁfngw%égkgfﬁéﬂémﬁﬁe number of chip repetitions which
take into account such effects as the reduction of MAI by
chip repetition. An increase in the spectral usage
15 efficiency so as to implement an increased link capacity is
enabled. Furthermore, a switching of cell-specific or user-
specific scrambling codes, and mobile station-specific phase
sequences based on the set of information from the external
source is enapled. The spectral usage efficiency 1is

20 enabled so as to implement an increased capacity.
According to another aspect of the invention,
a base station which is enabled to communicate with a
mobile station includes a controlling—information
transmitting unit which transmits to the mobile station
25 as a set of controlling information, an information
set indicating an environment of a cell which is
resided by the mobile station, or an information set
indicating the power of interference from surrounding
cells, or an information set indicating a propagation
30 channel condition, and a receiving unit which receives
a signal which is transmitted from the mobile station,
based on the set of controlling information, via a

variably-controlling process of a spreading factor and



a signal which is transmtted fromthe nobile station, based on the set of
controlling information, via a variably-controlling process of a spreading
factor and the nunber of chip repetitions. A base station in an enbodi nent
of th e invention enables a receiving of controlling information fromthe
base station or the network connecting to the base 5 station so as to
variably control the spreading factor andij_the nunber of chip repetitions
based on the controlling information. Furthernore, the base station is
enabled a receiving of the transmtting signals fromthe nobile stations

whi ch have undeegonenide wariabhy-eepdtlildnrg 10 process. According to
anot her aspect of the invention, a programfor wreless transm ssion,

inplements in a nobilefst&dsen whtazhiom relessky t rampodiinsnto gfbaskne
station by DS'i%?‘oﬁpr%%gb QsS'agr&aéceTélikbpl&fEdcﬁ%r%éﬁn p&ﬁ?gk@%‘ff&ge’ a

chi p-pattern generating function of generating a predeterm ne p pattern
by perform ng faorclihp pepet stitiodf @r dher sdeverki emtharunber tof the dpete ti ons

to a spreading, chi.p_sequenc and.a ., nultiplyi functign of _multiplying to
a si gnal gg i%5?8&?%9s?hggpggdg?é%ﬁPﬁ%dc%%ﬁﬁﬁpa G%FﬁmﬁﬁgéﬁgigacEﬁﬁmﬁgged by

the chip-pattehe gesesatiag fchast ixdpeaitpbase papedi fdrL te t Rentbbil ng
station. A prQ%ran1for W reless transm ssion in an enbodinent of the

i nvention enabBf€STERFEuct FHATHAFMIES ¢ r ARG nitASengS 3Gl s1¥ neBAPERANG wi t h

one anot her ascthevingquencyrepeetLuimi ofidde shgapest i meobhle atpfions are
frequency-domai n orthogonal even in a case of miltiple nobile stations

si mul t aneous! pteésaneet i vglith thavsamndsagenest Sb¢ onva St yredntrdbhinss

mul tipl e-gecesg i.aterference 30 increases the spectral usage efficiency in

an isol at ed ell environment in which an effect of such interference is
According to another aspect of the invention,

a program for wireless transmission, implements in a

mobile station which wirelessly +transmits to a base

station by DS-CDMA a spreading signal multiplied by a

15 spreading code, a chip-pattern generating function of

generating a predetermined chip pattern by performing a

chip repetition for a predetermined number of

repetitions to a spreading chip sequence, and a

multiplying function of multiplying to a signal

20 including the ©predetermined <chip ©pattern which is

generated Dby the <chip-pattern generating function a
phase specific to the mobile station.

A program for wireless transmission in an

embodiment of the invention enables a reduction in

25 transmitting signals interfering with one another as the

frequency spectrums of the respective meobile stations are

frequency-domain orthogonal even in a case of multiple

mobile stations simultaneously connecting to the same base

station. Such reduction of multiple—access interference

30 increases the spectral usage efficiency in an  isolated

cell environment in which an effect of such interference is

dominant so as to achieve an increased link capacity. As a

result, when communicating by DS-CDMA, an applying of one-



dom nant so as to achieve an increased |ink capacity. As a result, when
communi cati ng by DS-CDMA, an applying of one -12 cel
only spreadi ng not using chip

repetitions i

increased link capacity in both cell environnents. 5 According to anot her
aspect of the invention, a nethod of wlZel ess transm ssion, wherein a
on which wirelessly transnmits to a base station by DS-CDVA a

mobi l e stati
si gnal which

chi p- patt er n gehler areagerstheprd@sof ugerer aning sarpréded enatnegiodi shpattern

frequency reuse using
repetitions and al so an applying of chip

n an isolated cell environment enables an inplenmentation of an

is spread by multiplying a spreading code, includes a

mu

by perfor i g aahig,Lenets Lhan Lor aopredst semaed purher, of tepet) i ons

to a spreadi ngC
si gnal includisglatdie priadederidorednthignapakkeran Wiiplenestgener abed apy 15
t he generating %%gﬁﬁﬁ_ghase specific to the npbile~ station. A nethod of
W rel ess transH i

transm tt hpgoshORgl Scd NhREEREE NGsWebR e aRpet hetvas ithe 20

reductionsin

i'p 'sequence, ~and“a ip

Altgnca Y& PENPOtBf Cehe $THERIMBRt®nabl es a

plﬁpng to a

frequency spectruns of the respective nobile stations are frequency-donain
ort hogonal ev&n PateEasel of WALkEaSS e trppoMiessemat | o iful tBanswbsily

connecting tos{he Samehase siajlo I%S%nfsgg!eg“ eg of mylldpl A8

cell
envi ronnment iy WHSCIEDMA ef f exitgrefl subhchntiey f epeasd by dodtiplyisp as to
achieve an in i apaci ty.._As rLesul n _c icati by
DS- CDVA, an a%%feaastﬁq‘d di& clgﬁl)é]d *Squb Chlf’eﬁgttg@ &eg]%@l 7 eddi Hg not
usi ng chilp repetiyeoasawing al sO anpappdyemgnetl chighipepetdattiterns i nbygn 30
envi rannent enabl es an jnplenentation of an .increased |ink
capacity in H%??ﬁ/ t n? Jeterml eg nuﬂ%er

interference

i sol ated cel

15

20

25

30

I ncreases the spectra sage efficiency In an Isolate

y1 ng “of “one- requency SE Uusin

y sp

Ion tfor a pre n

T Y%enti (OHRent &t
of repetitions to &a spreading chip sequence, and a
multiplying step of multiplying to a signal including
the predetermined chip pattern which 1is generated by
the generating step a phase specific +to the mobile
station.

A method of wireless transmission in an
embodiment o¢f the invention enables a reduction in
transmitting signals interfering with one another as the
frequency spectrums of the respective mobile stations are
frequency—domain orthogonal even in a case of multiple
mobile stations simultaneously connecting to the same base
station. Such reduction of multiple—access interference
increases the spectral usage efficiency in an isolated cell
environment in which an effect of such interference is
dominant so as to achieve an increased link capacity. As a

result, when communicating by DS-CDMA, an applying of one-

cell frequency reuse using only spreading not using chip

repetitions and also an applying of chip repetitions in an
isolated cell environment enables an implementation of an
increased link capacity in both cell environments.

Other objects and further features of the

present invention will become apparent from the

25



O her objects and further features of the present invention wlz becone
apparent fromthe -13 follow ng detail ed description. when read in
conjunction wth the acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE
configuration of a
nobil e transm ssion systemand a configuration of a nobile station
according to a first enbodinent; FIG -223s a schematic diagram of nmjor 10

DRAWNGS 5 FIG 1 is a schenmatic diagram of an overall

operations of a nobile station according to a first enbodinent;

FIG 3 is a

schematic diagram of one exanple of the frequency spectrumof a signal
transmitted byolpowily | deshal é@n RGeigtNgnt &rhanf | £8id enBodes®inctisnFl G 4
is a schematic di a%r am of an overall configuration of a wireless

ion according to a

transni ssi on Syt efhgndaeCEERANYGGOat $%AHY i6TSa nobi | e st at

second enbodinent; FIG 5 is a schematic di agram of an operation

W rel ess transm ssion systemaccording to a second enbo
schemati ¢ di agREPA_JIE ] C

system and a onf i_gual_ti'é)n 1fisaan0§)éﬁe%ggt ié)ﬁgg%%org% n
g of an

enbodi ment; FIG 7 is a sequence diagram eration

di agram of na

jor_30 operations of bile station accor
enbodi nment ; F%@fjég‘f Td'oélch‘éﬁatai cm%P% af-8f+dh BGEPEFNG T

embodiment;

FIG. 2 is a schematic diagram of

di nent ;

20 of a
FIG 6 is a

) fORWINGEon of a wirel ess transm ssion

to.a thiird 25
%nofovéerv?/iquel ess
transm ssi on sysfemmacdondi af ta0 aobhie dtrentoidi sient ; sf¥d€em 8ahd & schemati c

di ng tao

major

a.third
first

10 operations of a mobile station a&according to a first

embodiment;

FIG. 3 is a schematic diagram of one example

of the fregquency spectrum of a signal transmitted by

a mobile station according to a first embodiment;

15 FIG. 4 is a schematic diagram of an overall

configuration of a wireless transmission

system and a configuration of a mobile station

according to a second embodiment;

FIG. 5 is a schematic diagram of an operation

20 of a wireless transmission system according to a

second embodiment;

FIG. 6 is a schematic diagram of an overall

configuration of a wireless +transmission system and a

configuration of a mobile station according to a

25 embodiment ;

third

FIG. 7 is a sequence diagram of an operation

of a wireless +transmission system according to a third

embodiment;

FIG. 8 i1s a schematic diagram of

major

30 operations of a mobile station according to a third

embodiment;

FIG. 9 is a schematic diagram of an overall

configuration of a wireless transmission system and a



configuration of a wireless transm ssion systemand a -14 configuration of a
nobi |l e station according to a fourth enbodinent; FIG 10 is a sequence

di agram of an operation of a wireless transm ssion systemaccording to a 5
fourth enbodinment; FIG 11 is a schematic diagramof a configuration of a
base station according to a second, a third, and a fourth enbodinent; FIG
12 is a schematic diagramof a variationg-10 of a configuration of a base
station according to a second, a third, and a fourth enbodinent; FIG 13 is
a schematic diagram of another form of a configuration of a base station

according to ensiefonRdioa tdif rd, =dshila feustivenbedbr@iig 38 G 14 is a
schemati c di agram of an _exenplary configuration of a nobile station
accordi ng to %5 heBRESHT$RENt with the data rate doubled: FIG 15A and

FIG 15B are schematic dicagnanss 20 Qfy8ncexeRlaky fiequencypshestrum of a
transmtting signal with the data rate doubled;” FIG 16 1s a schematic

di agr am of arpExenpVe¥siescontreusratdswrof systmybi fecsradinontaccording to a
fifth _erﬁgoqifr&[gthvm g&bgéllem&aé,a rate halved; 25 FIG 17A and FIG 17B are
schemati c "di agrans of an exenplary frequency spectrumof a transmtting
signal with the data rals.hallved; aFlsGheh8tis aisghkematdf di agram of anot her
exenpl ary configuration of a nobile station according 30 to a fifth

enbodi ment wi TEIBITRHIAT St RalRRRE EFEFIAD) PSCQrdEMEngli c@ diS&§PAfY of a
configurati ony ofcrd -, r iR S at I 8NSHIES bR PIRGaM

FIG. 12 is a schematic diagram of a wvariation

100 of a configuration of a base station according to a
second, a third, and a fourth enmbodiment;

FIG. 13 is a schematic diagram of another form
of a configuration of a base station according to a
second, a third, and a fourth embodiment;

15 FIG. 14 is a schematic diagram of an
exemplary configuration of a moblle station

- according to a fifth embodiment with the data rate
doubled;

FIG. 15A and FIG. 15B are schematic diagrams

20 of an exemplary frequency spectrum of a transmitting
signal with the data rate doubled;

FIG. 16 is a schematic diagram of an exemplary
configuration of a meobile station according to a fifth
embodiment with the data rate halved;

25 FIG. 17A and FIG. 17B are schematic diagrams
of an exemplary frequency spectrum of a transmitting
signal with the data rate halved;

FIG. ‘18 is a schematic diagram of another
exemplary configuration of a mobile station according

30 to a fifth embodiment with the data rate halved;

FIG. 18 is a schematic diagram of a
configuration of a wireless transmission program

according to the present invention;



according to the present invention; -15 FIG 20 is a schematic diagram of a
configuration of a nobile station according to a sixth enbodinent; FIG 21
is a schematic diagramof a 5 configuration of a base station according to a
sixth enbodinent; FIG 22 is a schematic diagram of an exenplary nobile
station according to a fifth enbodi nent which changes scranbling code
according to external 10 controlling infiggdmation; FIG 23 is a diagram which
describes an operation of a nobile station according to a sixth enbodi nent
whi ch applies chip repetition after nmultiplexing nultiple channels; 15 FIG

24 is a schematic diagriamg of0ans gxeygpleakyicomdpuratéon0f a nobile station
according to a fifth enbodi nent which changes a nobile station- specific
phase sequenceREBIHHGN 0°h SetMFllecoptrbldn ngceardiment ton & r oixth
out si de sourcg, 20, Kl G. 25 is a diagram which describes the concept of a

| oose transnission tim'ng control which is performed in a transm ssion
system according to a BiGt ledbodi aerdmatElcG di2yram aofli agr am whi ch

descri bes .an 25 op ti.on of -a bile s i on accordin 0 a sixt
enbodi ment V\h?%%lpll(%s% Sta %%aragn?én eer?%%%%o%r} acccﬁ‘gﬂﬁge&ﬁi naeds%égléti tion
pattern; Fl G eodisnentdi agram whi ch describes an operation of a nobile

station according to a sicgt 5 30 enbadi nent ich suff%ci ently | engthens a
predetermned reuse pdti%er ks EFGE Tatycsd @8 dagrim ofeH %¥er at i on

mobile station according to a fifth embodiment which
changes scrambling code according to external

10 controlling information;

FIG. 23 1s a diagram which describes an
operation of & mobile station according to a
sixth embodiment which applies chip repetition
after multiplexing multiple channels;

15 FIG. 24 1is a schematic diagram of an
exemplary configuration of a mobile station according
to a fifth embodiment which changes a mobile station-
specific phase sequence according to a set of
controlling Ainformation from an outside ' source;

2Q FIG. 25 is a diagram which describes the
concept of a loose transmission timing control which
is performed in a transmission system according to a
sixth embodiment;

FIG. 26 is a diagram which describes an

25 operation of a mobile station according to a sixth
embodiment which inserts a guard interval per a
predetermined repetition pattern;

FIG. 27 is a diagram which describes an
operation of a mobile station according to a sixth

30 embodiment which sufficiently lengthens a predetermined
reuse pattern;

FIG. 28 is a seguence diagram of an operation

of a loose transmission <timing control performed in a



of a loose transm ssion timng control perforned in a -16 wrel ess

transm ssion systemaccording to a sixth enbodinent; FIG 29 is a schematic
diagramof a first exenplary configuration of a nobile station according 5
to a sixth enbodi nent which applies chip repetition and time-nultiplexes
pil ot channels; FIG 30 is a schematic diagram of a second exenplary
configuration of a nobile station accordifi)g to a sixth enbodi nent which
applies chip repetition 10 and tine-rultiplexes pilot channels; FIG 31 is
a schematic diagramof a third exenplary configuration of a nobile station

according to @;sbxdds enbaodifesdiwhi chsaaR! ixReceBifg 13 cr epetdititgn and
time-multiplexes pilot channels; FIG 32 is a schematic diagram of an
exenpl ary coRfPgdie@ion of a base station according to a .sixth enbodi nent

whi ch measures recei vedz4d My ilgyapigv\ﬁegﬁctg@nggg ahi gl appley,chip

repetition; 20 FIG 33 1s a diagram escribes a transm ssion timng
control in acesedphtey wicthfigeetvigth bfniangsobild i ssttpat hscobrtihegnobil e
stations; FlI 34 is.a _schenatic diagram of _an .operation_ of a wreless

t ransni ssiggn Pstermadedr AREEea s?’ﬁptl%h DBPRIMTSdi TR RAPER YT or ns
transm ssi on khéi ngneeninl 0f pBekasSi pglat cammnepst ot signal; FIG 35 is a
schematic diagramof a _configuration of a nohile station according to a
seventh enbodi ment; FI G1®6 3& 1§ achehdidtcl i d473F®f °4 ZToRPFghfati on of a

base station aceppding BnRigeVAMdh of a mobile station according
to a sixth embodiment which applies chip repetition

10 and time-multiplexes pilot
channels;

FIG. 31 is a schematic diagram of a
third exemplary configuration of a mobile staticn
according to a sixth embodiment which applies chip

15 repetition and time-multiplexes pilot channels;

FIG. 32 is a schematic diagram of an exemplary
configuration of a base station according to a sixth
embodiment which measures received timiﬁg by pilot
channels which apply chip repetition;

20 FIG. 33 is a diagram which describes a
transmission timing control in accordance with receilved
timings of first paths of the mobile stations;

FIG. 34 is a schematic diagram of an operation
of a wireless +transmission system according to a sixth

25 embodiment which performs transmission timing control
using a common pilot signal;

FIG. 35 is a schematic diagram of a
configuration of a mobile station according to a
seventh embodiment;

30 FIG. 36 is a schematic diagram of a
configuration of a base station according to a seventh
embodiment;

FIG. 37 is a diagram which describes the



enbodiment; FIG 37 is a diagramwhich describes the -17 concept of a strict
transm ssion timng control perfornmed in a wireless transm ssion system
according to a seventh enbodinment; FIG 36 is a schematic diagram of an
exenplary 5 configuration of a nobile station according to a seventh
enbodi ment whi ch changes scranbling code based on a set of controlling
information froman outside source; FI-G7-39 is a schematic di agram of an
overall 10 configuration of a wireless transm ssion systemand a
configuration of a nobile station according to an eighth enbodinment; FIG
40 is a flowhemtemthi ofi id| gsriatesransmppercert i bhmingr coeduek of a nobile
station accordiln Lo . 1? an eiwghtr enbggi men.ts' 20 FIG,_ 41 is a schematic

di agram of arPoVerdlic &Bnfi gliF AT1 B of "& W T E1 8% Y¥HEhi 85T o1t em and a.
configurationt®f za gebédieh skabbammaecording to a ninth enbodinent; FIG 42
is a flowmchart which illustrates an operational procedure of a nobile
station according to &I-nth éfbddisfesletir GlaggAmanef FRE «SWPdreyY

schemati ¢ sdi ag5 R, Hati@nl | B chafdnfir 2cL8S% OLAPRIMNYLE L ansmission 25
timng control in an uplink and a case of not applying the controlling

accordi ng to téeerdl acgdodinentr| @hidy jchaagsshewatinbldnagcanrofbamedexenpl ary
configuration,of .a celatgd-aph, Mt pal fied RLenbar encs Sancelkese 30
source;
FIG. 39 is a schematic diagram of an overall
10 configuration of a wireless +transmission system and a
configuration of a mobile station according to an
eighth embodiment;
FIG. 40 is a flowchart which illustrates an
operational procedure of a mobile station according to
15 an eighth embodiment;
FIG. 41 is a schematic diagram of an overall
configuration of a wireless transmission system and a
configuration of a mobile station according to a ninth
embodiment;
20 FIG. 42 is a flowchart which illustrates an
operational procedure of a mobile station according to
a ninth embodiment;
FIG. 43A and FIG. 43B are schematic diagrams of
2 time chart for a case of applying a transmission
25 timing control in an wuplink and a case of not
applyving the contreolling according to the related art;
FIG. 44 is a schematic diagram of an exemplary
configuration of a related-art multi-path interference
canceller;
30 FIG. 45 is a schematic diagram of an exemplary
configuration of a related-art chip equalizer; and
FIG. 46 is a schematic diagram of an exemplary

configuration of a frequency-domain equalizer according



FIG 45 configuration of FIG 46 <configuration of is a schematic diagram
of an exenplary a related-art chip equalizer; and is a schematic di agram of
an exenplary a frequency-domain equalizer according -18 to the related art.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS I n the follow ng,

enbodi nents of the present 5 invention are described with reference to the
acconpanyi ng drawi ngs. (A first enbodineng) First, a configuration of a
wirel ess transm ssion systemaccording to a first enbodinent is 10
described. As illustrated in FIG 1, a wireless transm ssion system1

i ncl udes a nobul erisd ark0atd® and. a base station 100. The nobile station 10
transmts a wreless signal spread by nmultiplying spreading code. The
nobil e station 10 includes a channel encoder 11, 15 a data nodul ator 12, a

spr eadi ng- codgppphiip! hidcrkdridy 6B Pud eREFFREED HMdpriMinrd phase multiplier
15, a bandwidth Iimter 16, and a carrier-frequency nultiplier 17. The

channel encoder 11 per fB¥ netisharfiedllopéu ngemderisyerdspl piEngther opres¥riect i on
code such as IHGERtf € %gg Corﬁleqaj#:ti'bgg coqa..yThe data 'B?;%”' atof 1%1:%1e

nodul at es ~t hé channel -co data. The spreadi ng-code nultiplier

mul tiplies spreadnpgngode tHeoathegsmodul ated data so as to generate

spreadi ng-chi p sequence-_The chip-repetition 25 unit 14 perforns chip
repetition for a predet éfmedt ﬁﬂﬂﬁg?ﬂﬁpt?epetitions to the spreading-chip

sequence so First, a configuration of a wireless

transmission system accoxding to a first embodiment 1is

10 described. As illustrated in FIG. 1, a wireless
transmission system 1 includes a mobile station 10 and
a base station 100. The mobile station 10 +transmits a
wireless signal spread by multiplying spreading code.
The mobile station 10 includes a channel encoder 11,

15 a data modulator 12, a spreading-code multiplier 13, a
chip repetition unit 14, a phase multiplier 15, a
bandwidth limiter 16, and a carrier—-frequency
multiplier 17.

The channel encoder 11 performs channel coding

20 by applying error-correction code such as Turbo code
and convolution code. The data modulator 12 modulates
the channel-coded data. The spreading-code multiplier 13
multiplies spreading code to the modulated data so as
to generate spreading-chip sequence. The chip-repetition

25 unit 14 performs chip repetition for a predetermined
number of repetitions to the spreading-chip sequence so
as to generate a predetermined chip pattern. The phase
multiplier 15 multiplies to the chip pattern a phase
specific to the mobile station 10. The bandwidth

30 limiter 16 provides bandwidth-limiting to the phase~
multiplied chip pattern and the carrier-frequency
multiplier 17 multiplies a carrier frequency to the

chip pattern for transmission.



as to generate a predetermined chip pattern. The phase nultiplier 15
multiplies to the chip pattern a phase specific to the nobile station 10.
The bandwidth 30 |imter 16 provides bandwidth-limting to the phase-
multiplied chip pattern and the carrier-frequency nultiplier 17 nmultiplies
a carrier frequency to the chip pattern for transm ssion. -19 Then,
operations of the nobile station 10 accar¥ing to the present invention are
described. First, as illustrated in FIG_ 2, at the spreadi ng-code

mul tiplier 13, the nodul ated chip sequence as a 5 transmtting signal (dl,
d2, ...) is nultiplied Byen spreadinprocoderf haviengnebshsr eatliehgot act or SF of 2
SO as to generate a _spreading.chip sequence, "cl. |", _11¢gl, 2", "C2,1",
"C2,2", ... (gél)a.ccgﬁ%%élaue?ﬁ I &?‘et rPeres%ﬁi p-l veeﬁlgctliotni O%r%n:é{es%ﬁi%% 1ies chip
repetition havingt 10 atshei nundrerateld reperiti ors, CRE=4Ho theespirepdoag chip
sequence. Then, the chip-repetition unit 14 sorts the chip-repeated chip
sequence so aBViBlPEVRF t Ré sath® BeduehiShlChoPdeTeBECRe 3hr &ad sequence

(513). Herei ne LBE standssfghaOhi@1ReRet) tipn sEackery 4 &hi gyt epeat ed chip
sequences conprise on the frequency axis frequency spectruns such as those
illustrated i APFeEGlLIET A9dehdating seqyPAgadary desépkbedF abbvel i 8%a signal

conprising a e eLalpe hi_p : the. freg spectrum becones a
conmb 20 toot %sﬂ%eg%geg‘f%uﬁ] %é%ggti%l%f gt ﬁggﬁ%erﬁ) tggf - " shaped
spectrum shift'slag” a pPlfdsé”spedld,i2¢ ,t o.t HE11lhpbiSvbsetmendhy 10ths added at

the phase nul tipLier L3, iko.fhe, slanal coapelsing.g predetennined, ship
pattern. Therefore,” as il UsSt rated Thn 37 helrre uency 25 specrf-rum of
t he nobi | 0 st aheomuhkbeandof hedpeequetey CRpeét rusm ohe anpireedingbidhépst at i on
200 (refer tosggg%nce. Then, the chip-repetition unit 14 sorts the
chip-repeated chip seguence so as to have the same
sequential order as the spread sequence (S13). Herein,
CRF stands for Chip Repetition Factor.
15 Chip-repeated chip sequences comprise on the
frequency axis frequency spectrums such as those
illustrated in FIG. 3. As the chip sequence as
described above 1is a signal comprising a predetermined
chip pattern, the frequency spectrum becomes a comb
20  tooth-shaped spectrum. The position of the comb tooth-
shaped spectrum shifts as a phase specific to the
mobile station 10 is added at the phase multiplier 15
to the signal comprising a predetermined chip pattern.
Therefore, as illustrated in FIG. 3, the frequency
25 spectrum of the mobile station 10 and the frequency
spectrum of another mobile station 200 (refer to FIG.
1) do not overlap with each other.
Therefore, even in a case of multiple mobile
stations 10 and 200 simultaneously connecting to the
30 same base station 100, the frequency spectrum of one
mobile station is orthogonal on the frequency axis to

the freguency spectrum of the other mobile station so

as to reduce interference caused by the respective



1) do not overlap with each other. Therefore, even in a case of nultiple
nobile stations 10 and 200 sinultaneously connecting to the 30 sane base
station 100, the frequency spectrumof one nobile station is orthogonal on
the frequency axis to the frequency spectrumof the other nobile station so
as to reduce interference caused by the respective -20 transmtting signals.
Herein, when the received timngs at tdmwy-base station 100 of the
transmtting signals fromthe respective nobile stations 10 and 200 are

the sane, the frequency spectrumof one nobile station 5 is orthogonal on

the frequencytaxhsmiocidpt sofndte gebheinhhes Srat i pfce RS aspeeds 1S
detailed in the fifth through the ninth embodi ment s. Thus, in the wirel ess
transni ssi on 8yst€if 1baé%c§rt&|tﬁ@nt J 4heopr édént tYIVEHETORT tHETREHI | e

station 10 1B.oysifQ t hesGhid Hﬁ&sﬂﬁgas@@l&&e gbasa%dwéép'aw Lng, enables

a generating of a transmtting signal ving the frequency spectrum
ort hogonal tothhatsamsgf, thee otfhrequemcb}'l e:pst:armon ofsuwte amobhke nelialtgonst ati on

200) - Theref of e, 5]_1]: %{&oggll %/2 ggl tlfgl e {TDbIt gtsz?af{ i ons are

si mul t aneousl y conne a reduce ransmtting
signal inter cbtahencmmaearstamroaasemis nkspaqsacutsy dateaidedbl &d. theA second

enbodi nment) ect of a ng 20 on a fixed basis SF=2
as the sprea\é\?ﬁguf‘ac Pug da)dé? g Nty teﬁ‘g ﬁgrﬁ%grsg repetitions is
illustrated -in the fiTsis enbadidmnt witdn s Wi tgémgsrl@ﬂsné}sﬁéan system

according to the present enmbodi nent, a nobile station conprises a function
of variably c®BREPEEIISgteprigi ﬁﬁes%tf&EYBPtb‘?nrSpFB%dl“}?@léSdeSta?rfdocnhe

number ofychi por engliild OASe chip repetition and the phase

multiplying, enables a generating of a transmitting
signal having the frequency spectrum orthogonal to that
of the other mobile station (such as the mobile
station 200). Therefore, in an uplink in which

15 multiple mobile stations are simultaneously connected
to the base station 100, a reduced transmitting signal
interference and an increased 1link capacity are enabled.

(A second embodiment)

While an exemplary aspect of applying

200 on a fixed basis SF=2 as the spreading factor and
CRF=4 as +the number of repetitions is illustrated in
the first embodiment, in a wireless transmission system
according to the present embodiment, a mcbile station
comprises a function of variably controlling spreading

25 factor of spreading code and the number of <chip
repetitions.

A wireless transmission system 2 according to
the second embodiment has the same basic configuration
as the wireless +transmission system 1 as detailed in

30 the first embodiment. Therefore, numerals of the same
column (with the same tail-ends) are assigned to the
mobile station and its elements so as to omit the

description while detailing below the differences from



A wireless transm ssion system 2 according to the second enbodi nent has the
sane basic configuration as the wireless transm ssion system | as detailed
in 30 the first enbodi nent. Therefore, nunerals of the sane colum (with
the sane tail-Gnds) are assigned to the nobile station and its elenments so
as to omt the description while detailing below the differences from-21
the first enbodinent, referring to FIG-24-and FIG 5. FIG 4 is a schematic
di agram of an overall configuration of the wireless transm ssion system 2
and a configuration of a nobile station 20 according to 5 the present

enbodi nent - Thge caildsel | @b2B8mewhi Chrd feraingel @eptcspecidd crte. the nobile
station 20, variably <contrals the spreading factor of_ the spreadi.ng code
and the number of chip F¥petli £foRs FASEATHR tHSITEBNt 0l BngP VST mat i on

sent from the.base, stAlien &8 1Bean&d1enal « Annaiakisn Yt foNiraldd ng
information includes the spreading factor and the nunber "of chip
repetitions ta berdpgiiretdionm tfe apbickelst agtiaicr0.2Bekowprdefie®ritiong to a

sequence di agramin _Fl 5 n_operation of th i_reless_transmssion 15
system 2 %ls d&ser F5EF S Fn e'§§)ij,%hfnﬁrggsprIl adi ﬁ%n?%o(é‘tl\ogrx ain% tt‘ftglﬁgrrgiesr agf chip
repetitions teléeentsedpbyithe robitlee shabida sAAtisnr equgrt edridioing t he base

station 100 to the —nobjle station 20, Such reporting may be by 20
control Iing i APOFMRLS o €ermP&ebr8ad@sCri nPbr e o?gPretaGll&H i inite

number of nobike SRt i BRBcedr ocFBYHI® r&Yetoiionl | haged nbar nadd on sent to a
specific nmobile station 20. In S22, at the nobile station 20, a 25
transnitting SPYREILI R GehrfarEtifRsetrdh theTsfEadPate FIetdPTarRP t he

nunber ofychi pnr epelelhbonSagRekhed ifhis controlling information
includes the spreading factor and the number of chip
repetitions to be applied to the mobile station 20.
Below, referring to a sequence diagram in
FIG. 5, an operation of the wireless transmission
15 system 2 1is described.
In S$21, the spreading facter and the number
of chip repetitions to be used by the mobile station
20 1s reported from the base station 100 +to the
mobile station 20. Such reporting may be by
20 controlling information sent as broadcast information
to an indefinite number of mobile stations, or may be
by controlling information sent to a specific mobile
station 20.
In S22, at the mobile station 20, a
25 transmitting signal 1s generated based on the spreading
factor and the number of chip repetitions reported in
S21. The generating of the +transmitting signal is
performed acc¢ording to the same procedure as the
generating of the transmitting signal in the first
30 embodiment (S11 through S13 as illustrated in FIG. 2).
The generated signal is sent from the mobile station
20 to the base station 100 wvia a wireless channel

($23) . Then, the signal received from the base station



521. The generating of the transmtting signal is perfornmed according to
the sanme procedure as the generating of the transmtting signal in the
first 30 enbodinent (SII through 513 as illustrated in FIG 2) The
generated signal is sent fromthe nobile station 20 to the base station 100
via a wireless channel (S23) . Then, the signal received fromthe base
station -22 100 is denodul ated according4o0 the spreading factor and the
nunber of chip repetitions reported fromthe base station 100 in S21 (S24)
As described above, using the wireless 5 transm ssion System 2 according

to the presenipoenBodhamidul diRe npbidRiskatiOn 20 agneEaAiRg Fadtognsm tting
signal based on the spreading factor of "the spreading code and the nunber
of chip repet?idofse | Hughder OhordsP t HePdsdosfatianertied ekl eshan 10

appropriate cf) iggaggogh Pr eadidng Qgg&pr and the nunber of chip
repetitions to be used In the signal  generating at the nobile station 20.

Therefore, a generati Mgy ofieactikatsmebbiag sisdgngl W ngitdlesas rel ess

t jtable far th ti Ll 15 enyj ts, wthout
pr ovi di ng “at PHEHBHTE St RTOH 28 ATH-GFBal “w F8F e#6=FRLEraces for the

respecti ve cedhbodimdrtonnelk s mobieaakitediochurihegeneestdshis transmtting
signal conprises the frequency sgectrun1orthogonal on 20 the frequency axis

to the frequehcd EHedtmIm o RTe PEFEHs Pt t TRy SPHRATLTT offEHeT ofher nobile

station 200. tﬂ_é"_ers%frgééiné rRPEMCEhan fe | pRsder 8BCEHiR areddBRASHLELI NG
signal in an uplink where nultiple nobile stations 20 and 200
si mul t aneous| ¥ coriRest Yordhe bhse bESestutdtopn100&oerasbies | @rease the |ink

CapaCityliOn Qﬁbfé&haait%d Qﬁéxjxgiq'{&vi Lennent gﬁr@:ﬂﬁ?ﬂgedfactor and the
number of chip repetitions to be used in the signal
generating at the mobile station 20. Therefore, a
generating of a transmitting signal wusing the wireless
parameters suitable for the respective cell

15 environments without providing at the mobile station 20
individual wireless interfaces for the respective cell
environments is enabled.

Furthermore, this +transmitting signal
comprises the frequency spectrum orthogonal on

20 the frequency axis to the frequency spectrum of the
transmitting signal from the other mobile station 200.
Therefore, a reduction of interference in a .
transmitting signal in an uplink where multiple mobile
stations 20 and 200 simultaneously connect to the base

25 station 100 so as to increase the link capacity in
an isolated cell environment is enabled.

(A third embodiment)
While an exemplary aspect which wvariably
controls the spreading factor and the number of chip

30 repetitions based on the spreading factor and the
number of chip repetitions reported from the base

station is shown in the second embodiment, the mobile

station comprises a function of variably controlling



(A third enbodi nent) While an exenplary aspect which variably controls the
spreadi ng factor and the nunber of chip 30 repetitions based on the
spreadi ng factor and the nunber of chip repetitions reported fromthe base
station is shown in the second enbodi nent, the nobile .station conprises a
function of variably controlling -23 the spreading factor and the nunber of
chip repetitions based on the cell enviygnment reported from the base
station in the wireless transm ssion. systen1 according to the present
enbodinent. 5 A wireless transm ssion system 3 according to the third

enmbodi nent ha§Pghesp§%g§1H85|ﬁ g@f |%atthgn 1_f'iurﬁjetfheoyw rﬁhﬁss transm ssi on

system 2 detailed i'n the “second enbodi nent - refore neral s of the sane
colum (with thBeBEMBxﬁalbaeﬂﬂspnaréuasseghedeorbhmeﬁD meplreedt dttoon and
its el enents % %%(%Qgtfhe %&le&io as a as, detmll ékbe|OM/the
di fferences fromine secon %dl ment ., T ererring to FG 6 through FIG

8. FIG 6 is acdbafjiram ab atrha)vpre.%éntlSemboaizwtatl on of the wreless
transm ssion system 3 accordin present enbodi nent and a

to the
configurati on of a m)bli?’ew%trﬁk?g% %an?ﬁésﬁjd?ﬂréh’ﬁé?m 38, 2aFr % BA

el ement speci £he t@itdhe smbidigenst RdONBO, Mk a@iiyl@oabﬁ@i@uémow eadi ng
factor of 20 the spreading code and the nunber of chip repetitions based on

the control | if§ iHfor FHESFES nEFeRSMIEF ite Sysden e?nvﬁebifm@ﬁ trarfdw tted
from the basesé&%éoﬁ&gglmﬁt anoexiernal appac | ch gg eetsggﬁqé' cally, the

controller 38 perforns a controll'ing operation e nunber of
chip repetitiondutyy tiwetbhitie r epeti ttaohA-ends) 34reo 2dslignied atcadéet hat the

cel | 10 mobile station and its elements so as to omit the

description as well as detailing below the differences
from the second embodiment, referring to FIG. 6 through
FIG. 8.
FIG. 6 1is a diagram of an overall

15 configuration of the wireless +transmission system
3 according to the present embodiment and a
configuration of a mobile station 30. The controller
3B, which is an element specific to +the moblle
station 30, variably controls the spreading factor of

20 the spreading code and the number of chip repetitions
based on the controlling information indicating the
cell environment transmitted from the base station 100
as an external apparatus. More specifically, the
controller 38 performs a controlling operation which

25 sets the number of chip repetitions by the chip-
repetition unit- 34 to “1” in a case that the cell
environment which the mobile station 200 falls within
is a multi-cell enviromnment. In other words, it is set
such that the chip repetition is not performed so

30 that only the spreading factor 1is set. Hereby, the
one-cell freguency reuse is achieved s0 as to increase
the 1link capacity.

On the other hand, 1n a case where the cell



envi ronment which the nobile station 200 falls within is a nulti-cel
environnment. in other words, it is set such that the chip repetition is not
performed so 30 that only the spreading factor is set. Hereby, the one-cel
frequency reuse is achieved so as to increase the link capacity. On the

ot her hand, in a case where the cell -24 environnment which the nobile
station 30 falls within 1is an isolated-zetl environnent, the controller 38
performs controlling which increases the nunber of chip repetitions while
decreasing the spreading factor. 5 Preferably, the nunber of chip
repetitions isnséetotmentbewaqual the Imasilwr etatoon ex@npfal IERFwDthiar ound 4,

SO0 as to decrease the i tude_of "t he spreadin factor ly f t he nunber
of chip repetifidhs. * n?ggﬁé Cﬁéai neQWWFBFe_Sghter aﬁ%fm’éogiq(% s@it em
according to %grtfbﬁﬁ' Sht2Bd1ike secend wrhedsEBntge t henidrequenci;
spectrum of the nobile station 30, and that of the nobile station 380 wher e

the nobile staePehstiginumhaheoisioregsangcttco speedsiag sfaatiagn 100, are
ort hogonalstonggQFé}g T $0.88 k@ Jedyee th%gir)]Iegfe%ﬁ(E??%%Stl%tv‘@ t.he

transmtting Signa omthe respective sta Such control ling
is nore effecbevesqunl ahoi sbl atedngsd,l Eowi esamphe ICREwWheLhathendeduction in

the spectral usage efficie due_t o Ltipl e acces interference is
especially | arsae.aszotgel%%f’g%ﬁeopgrl%t fmgﬁn(l)?ucf%eo\%vi re eesgpr?arcglnnsqﬁ ssi on
system 3, refdénrctog tomlil Gfo7?, the odeswosr bed. dhipb3tepétericels|. emsdagnment

which the nobile. st%gi on 30 falls withi.n (one of a multi-cell environment

and an isol at &4 cEll BfviTormste) PRYESEI0P o 6™ REFHIHRPE st@tion 30
fromthe basethst atiryt 100d Seh £epad i BEbS@nDEshY ot Feblidtey

spectrum of the mobile station 30, and that of the
mobile station 300 where the mobile stations
simultanecusly connect to the base station 100, are
orthogonal to each other so as to reduce interference

15 Dbetween the +transmitting signals from the respective
mobile stations. Such controlling is more effective in
an isolated cell environment in which the reduction in
the spectral usage efficiency due to multiple access
interference is especially large.

20 Below, an operation of the wireless
transmission system 3, referring +to FIG. 7., 1is
described. In S31, the cell environment which the
mobile station 30 falls within (one of a multi-cell
environment and an isolated cell environment) is

25 reported to the mobile station 30 from the base
station 100. Such reporting may be Dby controlling
information sent to an indefinite number of mobile
stations (broadcast information), or may be by
controlling information sent to a specific mobile

30 station 20.

In S32, a transmitting signal is generated
at the mobile station 30 based on the spreading

facter and the number of chip repetitions which



information sent to an indefinite nunber of nobile stations (broadcast
information) or may be by controlling information sent to a specific nobile
30 station 20. In S32, a transmtting signal is generated at the nobile
station 30 based on the spreading factor and the nunber of chip repetitions
whi ch -25 correspond to the cell environnent reported in S31. The
generating of the transmtting signal i-25erforned according to the sane
procedure as the generating of the transmtting signal according to the
first 5 enbodinment (Sl through S13 as illustrated in FIG 2). The

gener at ed si gnatraspornansei tthed arld aewviedressit chapmeled r om t93 .nobi | e

station 30 to_the base statign 100 (S33) Then, the signal fromthe base
station 100 i 5 UeAGHGFALE bﬁgedJC h &ﬁ@néﬁg}ﬂiqngsiﬁﬁjactlﬁr B Y& hunber

of chip repetid¢donsnehi €b werrespongdrbecdite: cekl w©pvi genaemtidepert ed from
the base station 100 in S31 (534)._ Below, a flow of majQor processes
executed at tHe FEBPFBRLEEERT 0A19D21 s AFESER IR FOr ¥4 r EAGSEO FIG 15 8~ The

wirel ess paragRisdisne3gt UH BtrHRSPreedi o9 codesrubiipl iser B3, the
chip-repetition unit 34 and the phase nultiplier 35, based on the
controlling T ograerahed npdenal tire toarsitited 38ia ame Woppropriatel y
changed 20 in_other rds, . e .t heocantr i i_nformation
reports a mul (t:}llafnce J1 V\gﬁgﬁrgﬁ%en &?ﬁﬁ Y\@géglﬁl‘o’{)nqﬁ G:%% ra}lféeseappl ied as the
Wi rel ess parsteienrs. 148 a(338sul tThdhe speeadigngl caddem( Sthe célalsel ar)

generated at t@e ,s({)'reﬁlgén%&coge (ggrf?;at or 33 251 {:s mul ti gl ted by the
spreadi ng- cod®“Hut ptPér SRR NRATRET &bl Ty EB53E=geR@rated at the

10 factor and the number of chip repetitions which
correspond to the cell environment reported from the
base station 100 in S31 (S34).

Below, a flow of major processes executed at
the mobile station 30 1s described, referring to FIG.

15 8. The wireless parameters set up at the spreading-
code multiplier 33, the chip-repetition unit 34 and
the phase multiplier 35, based on the controlling
information input at the controller 38, are
appropriately changed.

20 In other words, 1in a case where the
controlling information reports a multi-cell environment,
P11l and P21 in FIG. B8 are applied as the wireless
parameters. As a result, the spreading code (SF
cellular) generated at the spreading code generator 33-

25 1 1is multiplied by the spreading-cede multiplier 33
and then the scrambling code generated at the
scrambling code generator 39-1 is multiplied by the
scrambling-code mnultiplier 39 (not illustrated in FIG.
6) . Subsequently, the outputting i1s performed without

30 performing chip repetition at the chip-repetition unit
34 (CRF=1l).

On the other hand, in a case where the

controlling information indicates an isolated cell



scranbling code generator 39-1 is nultiplied by the scranbling-code
multiplier 39 (not illustrated in FIG 6) . Subsequently, the outputting is
performed without 30 performing chip repetition at the chip-repetition unit
34 (CRF=l) . Cn the other hand, in a case where the controlling information
indicates an isolated cell _26 environnent, P12 and P22 (hatched in FIG e)
are applied as the wireless paraneters—2As a result, the spreading code
generated at the spreadi ng-code generator 33-1 by the spreadi ng-code
multiplier 33 (SF 5 hot spot) is nultiplied and then the scranbling code
generated at t¢4igonawbli ngldod@dg@ner attertcd9dl drs Fh@I th)pl Bed. Then, the

chip repetitio re 1 at, chi p- iti unj IS rf or med
so as to genealri%ﬁwel%aOl S%Eéieha&%%leg%pré%igﬂe?%?%éd1%:) iap %%%%’n fggand to

mul tiply an ussyresprenf | cofphageneHet®by att hithe chppeqiitigeicpdes kept constant.
As descri bed above, using the wireless transm ssion syst

m 3 according to
the third enbdFRFRATCT tH hobY| 618 afPBRESTUSES St HE 4P P@Es%p?ar dnkters to

15 variably comy @lpdthe sprapdingiiast angofiidie sps eadi-pgbl code apd the
nunber of chip repetitions based on the «cell environnent. Hereby, an
i ncreased |i nlgsFadiedy atusithy as@ianplangrredesgeparerdaceédreégardl ess of the

cel | environnmgpt; wwhy,gRst hep il epstakison Jakh §n2R0M . Lhi ;e s, epabled. (A
fourth enbodi nent \%hi I'e in tHe t%lérg%é%bo%%netﬁttlaﬁ exenpl ary aspect which
vari ably cont rdis chépspereiditignf aerbyr 8ff ihepepfemwichgseods amnd t he nunber

ol " FEr SR 2300, TR somteEeEngl Shop Mt
10 and to multiply an user-specific phase. Hereby, the
chip pattern is kept constant.

As described above, wusing the wireless
transmission system 3 according to the third embodiment,
the mobile station 30 uses the wireless parameters to

15 variably control the spreading factor of the spreading
code and the number of chip repetitions based on the
cell environment. Hereby, an increased link capacity
using a single wireless interface regardless of the
cell environment which the mobile station 30 falls

20 within is enabled.

(A fourth embodiment)

While in the third embodiment an exemplary
aspect which wvariably controls the spreading factor of
the spreading code and the number of chip repetitions

25 based on the cell environment which the mobile station
falls within is described, the mobile station in a
wireless transmission system 4 according to the present
embodiment comprises a function of wvariably controlling
the spreading factor and the number of chip repetitions

30 according to the number of mobile stations
simultaneously connected to a base station. The

wireless transmission system 4 according to the fourth

embodiment comprises the same basic configuration



W rel ess transm ssion system 4 according to the present enbodi nent
conprises a function of variably controlling the spreading factor and the
nunber of chip repetitions 30 according to the nunber of nopbile stations

si mul t aneously connected to a base station- The wreless transm ssion
system 4 according to the fourth enbodi nent conprises the sane basic
configuration -27 as the wirel ess transm s3ion systens 2 and 3 detailed in
t he second and third enbodi nents. Therefore, nunerals of the sane col um
(with the sanme tail-ends) are assigned to the nobile station and i's

el ements 5 so2@s e oM et ®es dESERFPLIVIPIMIYEESHRL &i | #RY Bel 88Fatlns

dif ferences fromsfe secopd and the i LdooghodicTent,s, Jeterring to FIG 9

and FIG 10. i s a diagram of ‘an over configuration of the
Wi rel ess transomssabn systemm 4samd dQumhe ¢antfh gthat isamsoftal Imelnidke st at i on
40 in a case of wreless connections _fromthe three (gmbile stations 40,

200, and 210 £6°t P PEEEStH i GR21GFC1Hre STomFol #Y 485 VHTHDS an

el ement speci EbC 490 the ombi tie StaRisicenp40on Vahiabl YeaeAlEALS Bdiewspr eadi ng
15 factor of the spreading code and the nunber of chip repetitions based on

the control | i AB%i FFEREEPSRS iHdcatitig SEREPAufPer Bte sithiFfaneous

connections Ltiesshdded fremihamdbass dmrfion LY ascam@external apparatus.
20 More specifically, the controller 48 perfornms the controlling to

decrease the spreadi ng FEEt 0P ofs ehedigrddi g eddeov#tdllan i ncrease in the
norease the RRBLT Er ol pof ottt {1 Bra oty PRARTARLR] e, g a2 1o
transm ttithg shgnatesrffigomethen rogspactioke lrolEtatishat4®nsni cr eases as the
nunber  of of wireless connections from the three mobile stations
40, 200, and 210 to the base station 100. The
controller 48, which is an element specific to the
mobile station 40, wvariably controls the spreading
15 factor of the spreading code and the number of chip
repetitions based on the controlling information
indicating the number of simultaneous connections
transmitted from +he base station 100 as an external
apparatus.
20 More specifically, the controller 48 performs
the controlling to decrease the spreading factor of
the spreading code with an increase in the number of
mobile stations connected to the base station 100 as
well as to increase the number of chip repetitions.
25 Interference among the transmitting signals from the
respective mobile stations increases as the number of
mobile stations simultaneously connected increases. Thus,
the arrangement ' such that the transmitting signals from
the respective mobile stations 40, 200, and 210
30 being connected to the base station 100 are orthogonal
on the frequency axis to one another with an

increased number of chip repetitions enables a

reduction of multiple-access interference so as to



nmobi | e stations sinultaneously connected increases. Thus, the arrangenent
such that the transmtting signals from the respective nobile stations 40,
200, and 210 30 being connected to the base station 100 are orthogonal on
the frequency axis to one another with an increased nunber of chip
repetitions enables a reduction of nultiple-access interference so as to
-28 5 increase the spectral usage efficréhcy and the link capacity.As a
result, an increase in the link capacity while suppressing interference
anong the respective nobile stations is enabled. Bel ow, an operation of the
W rel ess tradsarssEen West epedtisl dusess bed Ibgieeser RPAg theo FLTE 10. In

541, the nunber _of..s] t ane - cgan | I | t ations .1s the
nunber of 10 %8 ? ééggg%ig%SQ%%gﬁéntgg ?%%%%gﬁ§39%0q1%§ %% |I8EE§%5%fon 40
is reported fmbmltheshgasesstiayi cintkdFetrence hemmpbi | €hest akspeacdlze Such

reporting may be, controlling inf tion sent fromthe base station 100
as broadcast Fﬁg6?§at?§#¥ﬁg9sanl n&@?gigge number of 15 nobile stations, or

may be by sontrolling i gkoenat ia@n oSSt iled acspedief iwirmkiske station 40. In
542, a transmtting signal is generated at the nobile station 40 based on

t he spreadi ngtrRAEMEFSaEMR tSHETRUInter 16f FPFLPePetiMt | BRECTHITCh 20 correspond
to the nunber of §£ﬁulﬂﬁneously-connected nobi |l e stations reported in $41.
The generating of the "transnmitting signal is performed according to the
sane procedure as the gendd4l,i nghef numbetr afsnstinihigprsiqpsdly- according to

the first embodiment (S11 &Nnoual 343,35 o 1 ikusiat bl FLE 2) - The
gener at ed S|gnaP I'S :

10 mobile stations currently connected to the mobile
station 40 1is reported from the base station 100 to
the mobile station 40. Such reporting may be by
controlling information sent from the base station 100
as broadcast information to an indefinite number of

15 mobile stations, or may be by controlling information
sent to a specific mobile station 40.

In 542, a +transmitting signal 4is generated
at the mobile station 40 based on the spreading
factoxr and the number of chip repetitions which

20 correspond to the number of simultaneocusly-connected
mobile stations reported in S41. The generating of the
transmitting signal 1s performed according to the same
procedure as the generating of the transmitting signal
according to the first embodiment (311 through S$13 as

25 illustrated in FIG. 2). The generated signal is
transmitted wvia a wireless channel from the mobile
station 40 to the Dbase station 100 (S43). Then, the
signal received from the base station 100 is
demodulated in S41 based on the spreading factor and

30 the number of chip repetitions which correspond to the
number of simultaneously-connecting mobile stations
reported from the base station 100 (S44).

As described above, according to the wireless



transmtted via a wireless channel fromthe nobile station 40 to the base
station 100 (S43). Then, the signal received fromthe base station 100 is
denodul ated in 541 based on the spreading factor and 30 the nunber of chip
repetitions which correspond to the nunber of simnultaneously-connecting
nobile stations reported fromthe base station 100 (544). As described
above, according to the wireless -29 tral8m ssion system 4 according to the
fourth enbodinment, the nobile station 40 variably controls the spreading
factor of the spreadlng code and the nunber, of chip repetitions based on

t he nunber ofQﬁﬂ@Smé55l§@aﬁﬂ@ﬁ§“S|ﬁuPFﬁﬁé%H@?yt@ohﬁéﬁtéﬂufﬁhthe base station

which the mbiLeShabhen hd SnERINLECLEGcl S HBr Shyrsarilie fObLIA Statdon 40

is enabled an 1 ncréase capacity by using a sing ess interface
regardl ess of dfrweadéspdefdctel | oén\nheonsmadm@r Nexde zndcohli¢ gmuabeon of the

base station 00 ccord| ng f;/o t he sec ﬁ thnﬁlfg andfthe %ourth
enbodi ment s i £'de beé:&pe ef-&PP? né)ats(? Flﬁl the ®Faset sFaPidR 100
recei ves assi gswtﬁoh@nsgﬂrﬁdle_%nefoﬁ@myt heniebibe StattRes v2@e 3Dsatarsh 40. As
15 illustrated in FIG 11, the base station 100 conprises a

carrier - f r equefidyFimuFe price L2015 tak isandil diR |GIRRSEEed10% - aliphgke

nultiplier 1038 GBLPrd el%%talt'ibﬂn £&Pbinen - n104, & d?ﬁ@i—é‘@é@d"glyﬂkt 105, a
dat a denpodul ator 106, and a channel decoder 107 20 The base station 100

reconstructs @Emar%ty kiat #s¢aquenceirgbin rheetesdi vadestapal according to
an opposite eg]% egg goeﬂertggi ng ke trans t&h@% al at the mobile,
station. In ot words, the carrier- Prequency multip |er 101 multiplies a
carrier fiequency 25 toNeke,r eceicvetiguratdlonsoofis the clomser stéheom ecei ved
100 according to the second, the +third, and the
fourth embodiments is described, referring to FIG. 11.
The base station 100 receives a signal transmitted
from +the mobile stations 20, 30, and 40. As
15 illustrated in FIG. 11, the base station 100 comprises
a carrier-frequency multiplier 101, a2 bandwidth limiter
102, a phase multiplier 103, a chip-repetition combiner
104, a despreading unit 105, a data demodulator 106,
and a channel decoder 107.
20 The base station 100 reconstructs a binary
data sequence from the received signal according to an
opposite process of generating the transmitting signal
at the mobile station. In other words, the carrier-
frequency multiplier 101 multiplies a carrier frequency
25 to the received signal so as to convert the received
signal into a digital baseband signal. The bandwidth
limiter 102 provides a bandwidth 1limiting to the
digital baseband signal. The phase multiplier 103
restores the phase of the signal multiplied at the
30 transmitting mobile station to the original phase. &s
a result, a signal having a predetermined chip pattern

is generated.

The chip repetition combiner 104 uses the



signal into a digital baseband signal. The bandw dth Ilimter 102 provides a
bandwidth limting to the digital baseband signal. The phase multiplier 103
restores the phase of the signal nultiplied at the 30 transmtting nobile
station to the original phase. As a result, a signal having a predeterm ned
chip pattern is generated. The chip repetition conbiner 104 uses the -30
number of chip repetitions, which is the3%ame as the nunber of chip
repetitions reported to the transmtting nobile station, to reconbine from
the signal as described above a chip-repeated signal. As a result, a 5
spreadi ng chi puwegderkie Fhiperr@Pgitédlomhe #83pheadd n§heurfiamel08s mibei pli es
to the chip s e e eaq) s I S S ;ng.factor as
t he spreadinggﬂygggorgﬁe5%??egg#%g%ﬁggggaﬁgﬁkgg?ﬁggﬂoggﬁe siﬁgﬁgﬁgégs as to
restore the reobilted signan,t otd heenodbliat edrd® ddtea biefmake spreadi ng. The

data denpdul ator. 106 _denodul at es, the nodul at ed, dat ile th |
dacoder 107 AGPOBESSER GRFOE. cor FLLP BIPEIE S5186 10 AChahneL=4beoae dat a

af ter denpdul afgreadiA§ aHigsutéq@dncd hes chrpeebtdecodineg Psaeessiinghe bi nary
dat a sequence 15 ingut to_the nobile station is reconstructed. The_,
control | er 108RifasedP oAULRePtbRt r 6P1 itE FREBr PEERNERCEr disni FPER 4D he

mobi | e stationgg@0, h3Ping aRfe 4Qamar il Jieont FQl& L hesspiradipefaGIpr of
the spreading code to be used at the despréading unit 105 20 and the nunber
of chip repetifiGcdns teerrigsedtat thRe txanispiitepegi modd leondiataon1 040 |

Cont ol 11ng i ifor 8t "o est T ofvore ol ERa Hbbi e Srat Fonti3e 30, and
40, may 2530detderus niee fdvee napbezrdigig.chTher epdbi t domsidrdorhel 06
demodulates the modulated data while the channel
decoder 107 decodes an error-correction code so as to
channel-decode data after demodulation. As a result of
the channel decoding process, the binary data sequence
15 input to the mobile station 1is reconstructed.

The controller 108, based on the controlling
information transmitted to the mobile stations 20, 30,
and 40, variably controls the spreading factor of the
spreading code to be used at the despreading unit 105

20 and the number of chip repetitions to be used at the
chip-repetition combiner 104.

Moreover, the base station 100 as illustrated
in FIG. 12, Dbased on the controlling information sent
from one of the mobile stations 20, 30, and 40, may

25 determine the number of chip repetitions and the
spreading factor to be used in the reconstruction
process of tﬁe received signal at the controller 108.

Furthermore, as illustrated in FIG. 13, the

base station 100 may determine, based on both the
30 controlling information +transmitted to one of the

mobile stations from the base station 13 and the

controlling information transmitted from the mobile

station, the number of chip repetitions and the



spreading factor to be used in the reconstruction process of the received
signal at the controller 108. Furthernore, as illustrated in FIG 13, the
base station 100 may determ ne, based on both the 30 controlling
information transmtted to one of the nobile stations fromthe base station
13 and the <controlling information transmtted fromthe nobile station,

t he nunber of chip repetitions and the Xl spreading factor to be used in
the reconstruction process of the received signal. Hereby, the base
station 100 is enabled a collating of the controlling information
transmtted tospiencioly | €astati an Wha huskd Sirconhe oldeicegstnfiorhat i on

received fromthe nobil tation so that a sinple and ee confirmation
as to whet herp{%ceeﬁlsarf:’gbl CohEFoIYS gségnf‘f]e”glﬁfﬁgﬂi ng ° &¢3BF and the

nunber of chi pst£pedd ti100s iss PEEHDEAEE. cdMNSUGH adr agpecCtgorid¥dNengccurate
signal transmtting 10 and receiving is enabl ed, assum ng that the receiving

of the signal ¥rEmnateafobtrangiiditiegn e paef oreRid s nstatiseviht the

vari abl e cantr i i:S.Aap ijg% y f AfLft odi nent) 15
Incidentalﬁy, é&##%ﬁ%%?ﬁﬁﬁegéfrst %#buﬁﬁgéﬂ§£?§g¥?ﬁ é%%od&ﬁgggé t he data
rate of the tswasimrtisng Signak fsigmlieheambbispeedy atdondirsabssumed to be
constant, it is_ also_possihle to_change th nb toot hshaped sets
orthogonal to %%e w}r% fer 1??18 Zﬁaﬁ%:%glr%aﬁgrelgﬁgﬁmo%t 89r2cthees § Jé?ar%d‘goy t he
respective nobateosst andonshe Behober amfancekanplepetat toenbhadi npat & dfed .a
case of douinP% the.data rate desired bg the r spectivg nobi | e . §%ions
f t . g

and for a case*of TWAtVi Wy F5PSGEn Fat B°F&t &SP G8sSridhay. transmi

10 and receiving is enabled, assuming that the receiving
of the signal from the mobile station is performed in
a case that a variable controlling is appropriately
performed.

(A fifth embodiment)

15 Incidentally, while in the first
through the fourth embodiments the data rate of the
transmitting signal from the mobile station is assumed
to be constant, it 1s also possible to change the
comb tooth-shaped sets orthogonal to one another in

20 accordance with data rates desired by the respective
mobile stations.

Below, as an example, are embodiments for a
case of doubling the data rate desired by the
respective mobile stations and for a case of halving

25 such data rate are .described.

First, +the embodiment in which the data rate
desired by the respective mobile stations 1is doubled
is described wusing FIG. 14, FIG. 15A =and FIG. 15B.

FIG. 14 is a schematic diagram of a

30 configuration of a mobile station according to the
present embodiment. Needless %o say, as the
configuration is n parallel, the data rate would be

multiplied by n.



First, the enbodinment in which the data rate desired by the respective

nobi l e stations is doubled is described using FIG -14, FIG 15A and FIG
15B. FIG 14 is a schematic diagramof a 30 configuration of a nobile
station according to the ,oresent enbodi nent, Needless to say, as the
configuration is n parallel, the data rate would he nultiplied by n. -32 In
FIG 14, the nobile station conprises a—38erial-to-parallel converter 201,
spreadi ng-code generators (C 1 through Cn) 202-1 through 202-n,

mul tipliers 203-1 -through 203-6, scranbling-code 5 generators (SC-1 through
SC-n) 204-1 through 204iIn, FIthi plfepdthet i vebild t st205e11 chmpugheR05- n,

mobil e station-specific se sequence (P51, through,.P-n) enerators 206-1
t hrough 206- n,*>Snd ét(Q,o%f'?r@Te%ZO?gnﬁretesr(erlzé}’-t596§?gf‘?%lcoc%nverter 201

serial- 10 to-gaHedtelrscomrar t shadudgmpatnpyzoghisemiened sOasto convert

to n sequences. The respective parall el | sequences out put from
seri al -t o- par él“‘}leﬂlpt,l&ﬁgért@?‘éOlth]%PrU@?%mg%{g%o'i eacﬁq%ihﬁtrf‘?écg Feadi ng codes

(G 1 through Gyerdur@ereratgdiatthftagPr eading-ocade geneighors262-1 15
through 202-n and. then with the scranbling codes (SC-1 through SGC n)
generated at tHElsTEREBLIERYD codétsgerteradt oblsramh 129 hrbughobdlen-

205 1t hr ough S EEBERL” t RE2S5r B3 g Codls “and"50 The  S&f anbl 1 ng. codes
nul tiplied to gdreersopectiléel stlusnges2hfyn he andnmon covdéeseor 2di7f.f er ent
phase. il t1 pl i od with | AGCpHoSE MSeqUBREES (P ToCHFoLEh FOR) Gonérated at -
t he nobi |l @025 sd-addenlepecidnverpbasen sequencegmpebersdfrenc206sd as to
convert to n sequences. The respective parallel symbol
sequences output from serial-to-parallel converter 201
are multiplied with the spreading codes (C-1 through C-
n) generated at the spreading-code generators 202-1
15 through 202-n and then with the scrambling codes (SC-1
through SC-n) generated at the scrambling code
generators 204-1 +through 204-n. Thereafter, the chip
repetition is performed at the chip-repetition units
205-1 through 205-n. Herein, the spreading codes and
20 the scrambling codes multiplied +to the respective
sequences may be common codes or different codes.

The respective parallel symbol sequences after
chip repetition are phase-multiplied with the phase
sequences (P-1 through P-n) generated at the mobile

25 station-specific phase sequences generators 206-1
through 206-n so as to be combined for outputting at
the combiner 207. Herein, the phase sequence used in
the phase multiplying is shifted to another comb-tooth
set so that a multiplying of a different phase

30 sequence every n sequences 1s needed.

Such chip-repeated sequence combined at the

combiner 207 comprises a fregquency spectrum on the

frequency axis as illustrated in FIG. 15A and FIG. 15B.



t hrough 206-n so as to be conbined for outputting at the conbi ner 207.
Herein, the phase sequence used in the phase multiplying is shifted to

anot her conb-tooth set so that a nultiplying of a different phase 30
sequence every n sequences i s needed Such chi p-repeated sequence conbi ned at
the conbiner 207 conprises a frequency spectrumon the frequency axis as
illustrated in FIG 15A and FIG_ 15B. -333FIG 15A and FIG 15B are
schematic diagrans of an exenplary frequency spectrumof a transmtting
signal in which the data rate desired by the nobile station is doubled 5 As
illustrated in FIG 152FIfn &&as@dofFIG@oubPPnyre hecaarat+at 61desaped by the

nobi l e statio ( t r C | AG-4k0 e_pr L Qgi ment ,
t he hat ched cgﬁ%-%gofﬁgﬂgg%ggt?%%?ﬁ%?egsqﬁ%gﬁlugsc% easH§%§% égﬁg-?oothed
spectrum set arignalO asswhhed ttheondat@biragestddsiordsabas the tmeEridm t

different data synbols. for ﬁgg espective sets. Hereby, a transmtting of a
transmitting SiGHaPRf rioim 8°HBbRPe station at the data rate double the data

rate A as sindicated inpkl GilSAdrstenabiedr1dS Next, an exargle eF a case in
which the data rates desired at the respective nobile stations is halved

i s described $SWgippGthes, dete xprR Aesired Y 17182 THEPIGLI FE25I% i on
according to t p e 2 dié?%?r i caLl ane
configuration Qg)tﬁgécg%¥398?%?$g§?of t edgggiﬁg§s?a%iéﬁ%§§nﬁlIustrated in
FI G- 14. Ther efpogimanter dihe ohatdeed agemnooteshe@ni tirecthe sage @i | - ends)

are assigned (0.t el GRRNt 5 50.q 2840 pMdnddhe. desariptiop inGaddition to
descri bing 25 below the differences tromthe enbodl nent as descri bed

10 assigned to one mobile station so as to transmit
different data symbols for the respective sets. Hereby,
a transmitting of a transmitting signal from a mobile
station at the data rate double the data rate A as
indicated in FIG.15A is enabled.

15 Next, an example of a case in which the
data rates desired at the respective mobile stations
is halved is described using FIG. 16, FIG. 17A, and
FIG. 17B.

The mobile station according to the present

20 . embodiment has basically the same configuration as the
configuration o¢f the mobile station as illustrated in
FIG. 14. Therefore, numerals of the same column (with
the same tail-ends) are assigned to 1ts elements so
as to omit the description in addition to describing

25 Dbelow the differences from the embodiment as described
above, referring to FIG. 16, FIG. 17A, and FIG. 17B.

The difference between the mobile station as
illustrated in FIG. 16 and the mobile station as
illustrated in FIG. 14 1is that the input symbol

30 sequence is not serial-to-parallel converted, but
rather parallel-copied. In other words, according to

the present embodiment, the duplicator 211 is wused in

lieu of the serial-to-parallel converter 201 so as to



above, referring to FIG 16, FIG 17A, and FIG 17B. The difference between
the nobile station as illustrated in FIG 16 and the nobile station as
illustrated in FIG 14 is that the input synbol 30 sequence is not
serial-to-parallel converted, but rather parallel-copied. In other words,
according to the present enbodinent, the duplicator 211 is used in |I|ieu of
the serial-to-parallel converter 201 so—-a4-to -34 duplicate the input synbol
sequence to n sequences. Hereafter the same process as the nobile station
as illustrated in FIG 16 is perforned. FIG 17A and FIG 17B are schematic
di agranms 5 ofdugliersapltieof imbl‘etflseqbehcweﬁpleotﬁummf na setqu@nsnfistti ng

signal with t edatf%rat%ldesued t he }Ile stg};L htta ved

ilTustrated i AFEFEI-E7B, -1 ﬁarﬁ%\sé) FE>Rhald nt th&°fars raaé:la’@slﬁ’séd by the
mobi |l e stationiil@taeesndiing Foct haepreseperepbaed ment, the hatched conb
toot hed spectrum set as well_ as the shaded_conb- toot hed spectrum set are

all ocated to one nobi | eF18t atTon 388 &G0 WPandth t SEhe™3kife HaP83)bol s at

the respective sets. E)@g & eSS RNOf Sk imansm gting signal of
the nobile station at a halved data rate relative to the data rate A as

illustrated iWwaRsGitiingi signabl ethithA Ehansisitet | Fathadepgredickhy r8sundancy
enabl es char agt grih st i & 140V qdue to a frequency-diversity effect. 20
Furthernore, as another exanple of a configuration of a nobile station

whi ch hal ves the data RatelldesitredeBy itheFm®bi 11§Bst atnh om (¢asd¢ hefdata rate

bl 16 stati o ayi3s | TiusErated T HEs B | & con | BOA 1y SeRBIT ng ¢ he

10 accordlng to the present embodiment, the hatched comb-
toothed spectrum set as well as the shaded comb-
toothed spectrum set are allocated to one mobile
station so as to transmit the same data symbols at
the respective sets. Hereby, a transmission of a

15 transmitting signal of the mobile station at a halved
data rate relative to the data rate A as illustrated
in FIG. 17A 1is enabled. A transmitting having such
redundancy enables characteristic improvement due to a
frequency-diversity effect.

20 Furthermore, as another example of a
configuration of a mobile station which halves the
data rate desired by the mobile station (to the data
rate C), a configuration as illustrated in FIG. 18
may also be possible. The mobile station as

25 illustrated in FIG. 18 1is comprised Dby combining the
frequency—-domain spreading with the time-domain
spreading (two-dimensional spreading). The configuration
of the mobile station according to the present
embodiment is basically the same as the configuration

30 of the mobile station as illustrated in FIG. 16.
.Therefore, herein, the difference from the mobile
station as illustrated in FIG. 16 1is described. The

mobile station as illustrated in FIG. 18 multiplies at



frequency-domai n spreading with the tinme-domain spreading (two-dinensional
spreadi ng) The configuration of the nobile station according to the present
enbodi ment is basically the sane as the configuration 30 of the nobile
station as illustrated in FIG 16. .Therefore, herein, the difference from
the nmobile station as illustrated in FIG 16 is described. The nobile
station as illustrated in FIG 18 nultipBdes at -35 the nmultiplier 203-7 the
spreadi ng code Cfreq generated at the Cfreq 212 before the
serial-to-parallel conversion to the synbol Sequence so as to serial-to-
paral | el convehe thdtdpléadi MPsignahe Swssedient I9pdeheCHrsanecproeess as in

the nobil e stgrtl Oeatsﬁ'?%%at%rlgzt eg? %Pe FLG, 16 l%lp_%f?#@ﬁ As descri bed

above, according I on accor ing to th enbodi nent, a
change of cotherordrhogonathe oslgmbodt Ireghaped set szal [mcaseridlo-t@- 10

nobil e station accordin tothe data rate desired py the respective nobile
stations and QaFFi%’gl ¥§F§nrﬁ=ﬂﬁ P EHe at algﬁ?ﬁ' i ﬁugﬁ‘é‘éﬁ?{&ﬁr@e Weh a
change i n 4 heseQEMKYILRLLONSs €AV I ORETERbLOf e t NG HBBHI &5 Stalhonrwkid e

obtaining the MAT reduction effect is 15 enabl ed. Mdreover, while the
exenpl ary casés ofIG.ddébl ivg kerdomaedi ng the data rate desi r ed by the

nmobi | e station accordi nﬂst%eEQ§1%l65t'L %Odl% rn% gsg%b%b teher
abl rtRer

mul tiplying factors nay al so be applc nore, the ¢
pattern. and shetphasecceediésgace;o orhe he ifficbquenimyd imend , (vmethemgenewghbori ng

or the orthogonal comb tooth-shaped sets allocated to a

10 mobile station according to the data rate desired by
the respective mobile stations and a flexible
assignment of the data rate in accordance with a
change in the communications environment of the mobile
station while obtaining the MAI reduction effect 1is

15 enabled.

Moreover, while the exemplary cases of
doubling and halving the data rate desired by the
mobile station according to the fifth embodiment are
described, other multiplying factors may also be

20 applicable. Furthermore, the chip pattern. and the phase
sequence, or the frequency band (whether neighboring or
distant) may be changed in accordance with the
communications condition of the respective mobile
stations. An use of proximate frequency bands by

25 neighboring mobile stations enables a reduction of
inter-channel interference which impacts the
surroundings. In addition, further enhancement of the
frequency-diversity effect is enabled.

Next, a program for performing the

30 process of generating a transmitting signal from a
binary data sequence is described. As illustrated in
FIG. 19, a wireless transmission processing program 310

is stored at a program storage area 300a comprised in



di stant) may be changed in accordance with the comrunications condition of
the respective nobile stations. An use of proximte frequency bands by 25
nei ghbori ng nobil e stations enables a reduction of inter-channel
interference which inpacts the surroundings- In addition, further
enhancenment of the frequency-diversity effect is enabled. Next, a program
for performng the 30 process of generatBfAg a transnitting signal froma

bi nary data sequence is described. As illustrated in FIG 19, a wireless
transm ssion processing program 310 is stored ‘at a program storage area
300a conprised i pec@6ldEng epeddimg 3A€di AN 800cleani tebkrsrissiamsni ssion
processing prog ram 310 cq Ori ses ﬁomai n nmodul e 311 _.whi chdgj]u%egmtends t he
process of gerﬁD rﬁﬁﬁﬁéng PENEM t 'ngcgrl”%rn%ﬁe,s a® cikihel TTot g dule 312, a
5 data nodul atihorhmosiuberi3t3nda sypiecagiagesnder rmadddrpkyhgg arodul e 314, a
chi p-repetition nodul e 315, a Ehase-nultiplyin nodul e 316, a

bandwi dt h- | i MYPRGTLFDURY e S38721a @ar FIRRRS Y &fGensy TRAMSDI 914g Rodul e 318,

and a contgol ling rmgube3e atoddie ekesents. s30..the f upgti ons i npl enent ed
by executing the channel-coding nodule 312 are the sane as the functions

of the channe@idddeisg1modpie Fl4,and Fhishrenetivishl | Bodeke i dAs. 102 20,
15 correcti on hodse Sk 25 The Tar bo and t e Sonuol ey an " coqds to the
i nput binary dedalseqliEhceascayirg-feaabirecianmekecpltyiog ofodies 318,
channel - cod 19,8 08535 RSN RS LAY o0 T fungtigpe, | o erent od by
the data modul ators 12, TR2, Bctiand 4Znpllemeatbér bpor esecitisigdathe nodul ati on
modul e channel-coding module 312 are the same as the functions
of the channel-encoders 11, 21, 31, and 41 of the
mobkile stations 10, 20, 30, and 40. In other words,
the channel coding module 312 applies the error—
15 correction codes such as the Turbo and the convolution
codes to the input binary data seguence so as to
enable an execution of +the channel-coding process at
the mobile station. The functions implemented by
executing the data modulation module 313 are the same
20 as the functions of the data modulators 12, 22, 32,
and 42. 1In other‘ words, the data modulation module
313 enables at the mobile station an execution of the
process of modulating channel-coded data.
The functions implemented by executing the
25 spreading-code multiplying module 314 are the
same as the functions of the spreading-code multiplying
at the mobile station as described above. In other
words, <the spreading-code multiplying module 314
multiplies the spreading code to modulated data so as
30 to enable an execution at the mobile station of the
process of generating a spreading chip sequence. The

functions implemented by executing the chip repetition

module 315 are the same as the functions of the chip-



313 enables at the nobile station an execution of the process of nodul ating
channel - coded data. The functions inplenented by executing the 25

spreadi ng-code mnultiplying nodule 314 are the sane as the functions of the
spreadi ng-code nmultiplying at the nobile station as described above. In

ot her words, the spreading-code nultiplying nodule 314 nultiplies the
spreadi ng code to nodul ated data so as 397to enabl e an execution at the
nobil e station of the process of generating a spreading chip sequence. The
functions inplenented by executing the chip repetition nodule 315 are the
sane as the faapetohsonf unhéschid - 37, r edet i 21dn4dni tl) 14thed, wd4dsand 44.

In other word t he chi etition dul.e 315 rfaor chip repetition to
t he spreading%gﬁi5B§%hugggégﬁ%¥xh E?%ng%ePﬁﬁnéﬁ”H%ﬁﬁgeﬁzd#’r§%%?|%?%%% S0 as
to enabl e thetoobile 5pstatiin thipxemthencke fmocesrefdegenriasdng a

predeterm ned chjp pattern. The functions ippl enented executing the
phase-nultipl?PWégﬁD eT HEHEFheSRarfé dggtﬁgagﬁﬁné$¥bn@g%#“?he phase
mul tipliers 18ta2bon3%o avgeddtalOtRE it o®eiI | & stahéedkiafy dascri bed above.

In other words, the phase nultiplying nodule 316 enables the nobile
station an exBEGERERTBIGheChtBCc@SS 6L nul ti plyi ng the nobile

station-specific phase @ﬁétiﬁ%npgggpquhkﬁgﬂengg§ Eyncggéyy%ihﬁplgmgnted by
e

executing 15 the bandwidth-limting nodule are the same as t functions of
t he bandwi dt hphiesetewstig .vizg, Beiulend3146 axfe t hlee msbinke &t athen as

descrt e, 200¥gne oAl "8, MK Spngh IS AANIIRGLD: {12 T o, 317 En o
limting 1 thé pliasempulilépldtedionhigs paeseribed above. In other

words, the phase multiplying module 316 enables the
mobile station an execution of the process of
multiplying the mobile station-specific phase to the
chip pattern. The functions implemented by executing

15 the bandwidth-limiting module are +the same as the
functions of the bandwidth limiters 16, 26, 36, and
46 of the mobile station as described above. In other
words, the bandwidth-limiting module 317 enables the
mobile station an execution of the process of

20 providing a bandwidth 1limiting to the phase-multiplied
chip pattern.

The functions implemented by executing

the carrier-frequency multiplying module 318 are the
same as the functions of the carrier-frequency

25 multipliers 17, 27, 37, and 47 of the mobile station
as described above. In other words, the carrier-
fregquency multiplying module 318 enables the mobile
station an executing of the process of multiplying the
carrier frequency to the chip pattern for +transmission.

30 The functions implemented by executing the controlling
module 319 are the same as the functions of the
controllers 28, 38, and 48 of the mobile station as

described above. In other words, the controlling module



The functions inplenented by executing the carrier-frequency nultiplying
nodul e 318 are the sane as the functions of the carrier-frequency 25

mul tipliers 17, 27, 37, and 47 of the nobile station as described above. In
ot her words, the carrier- frequency nultiplying nodule 318 enabl es the
nobile station an executing of the process of multiplying the carrier
frequency to the chip pattern for transmi§sion. 30 The functions inplenented
by executing the controlling nodule 319 are the sane as the functions of
the controllers 28, 38, and 48 of the nobile station as described above-

| n ot her word$1% henaglo¥ry olchpngnaridel est88 B 9arnayeesting wdbi teestati on an

executing of t r.ocess.of . i ab)l | i t r.eadi ct of
t he spreadingF%% gggnd§ hggﬁﬁ%§£¥ g%*%%?g£§§ e#ﬂ?i5%§€%%6§§o¢%gﬁ£%he8£

W rel ess transiieSSkprepdiocessbg ndpr oige amuadOr muyf behgonkiegut i oms a
manner such that all or a portion of that programis transmtted via a
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20"to the si xR ARBSA G0 Th pr crBOET y LASRE bed BADO T EALES conpri es
a nobil e 3baticdmcaAndiagbasestallation).

While the embodiment as described above is
for a case of applying only chip repetition at the
mobile station, hereafter the embodiment for a case of
a combined use of chip repetition and transmission

15 timing control is described.

(A sixth embodiment)

A configuration of a wireless
transmission system according to a sixth embodiment is
described. The wireless transmission system according

20  to the sixth embodiment as in previously described
embodiments, comprises a mobile station and a base
station, the mobile station having the functions of
chip repetition and transmission +timing control. On the
other hand, the receiver of the base station comprises

25 the functions of a multi-path interference canceller, a
chip equalizer, and a frequency-domain equalizer., A
summary of +the functions of the mobile station and
the base station according to the sixth embodiment is
provided below.

30



station,

transm ssion timng control.
station conprises 25 the functions of a nmulti-path interference canceller,
and a frequency-domai n equali zer.
the base station according to the sixth
provi ded bel ow. 30 -39 | NEERFERENCEI NTERFERENCE SI GNAL FROM
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station. A description of an operation of chip repetition applied to the
nobi |l e station which has already been provided is omtted, In FIG 20, the
nobil e station conprises as 20 a transnmitter a transmtting-data generator
221, a pilot-channel generator 222, an adder 223, a spreadi ng- code

mul tiplier 224, a scranbling-code nmultiplier 225, a chip-repetition unit
226, and a transmtting-timng control+4&0-227, and as a receiver a .

recei ving-data 25 denodul at or/ decoder 228, and a transna-szion-tim ng
control information detector 229. Bel ow an operation of the nobile station
is 30 described. (An operation of a transmtter) The pilot channel generated
at the pilot- channel generator 222 and the -transmtting data generated at
the transmitting data generator 221 are added at the adder 223 so as to be
mul ti pl exed, and -41 then spreadi ng-code multiplying at the spreadi ng-code
mul tiplier 224 and scranbling-code nmultiplying at the scranbling-code
multiplier 225 are perfornmed. Then, chip repetition is perfornmed at the
chip-repetgtion 5 unit 226 so as to generate the conb toot h-shaped
frequency spectrumas a transmtting signal. Such generated transmtting
signal is transmtted at a transmtting timng controlled at the

transm ssion timng control unit 227. The transm ssion timng 10 control
unit 227 controls the transmtting timngs of the transmtting signals
based on the reporting from the transm ssion-timng control information
detector 229 to be described bel ow 15

10

Next, a configuration of a mobile station
according to the sixth embodiment is described. FIG. 20
15 is a schematic diagram of a configuration of a mobile
station. A description of an operation of chip
repetition applied to the mobile station which has
already been provided is omitted.
In FIG. 20, the mobile station comprises as
20 a transmitter a transmitting-data generator 221, a
pilot-channel generator 222, an adder 223, a spreading-
code multiplier 224, a scrambling-code multiplier 225,
a chip-repetition wunit 226, and a transmitting-timing
controller 227, and as a recelver a receiving-data
25 demodulator/decoder 228, and a transmission-timing
control information detector 223.
Below an operation of the mobile station 1is
described.
(An operation of a transmitter)
30 The pilot channel generated at the pilot-
channel generator 222 and the +transmitting data
generated a3t the transmitting data generator 221 are

added at the adder 223 so as to be multiplexed, and



(An operation of a receiver) The signal received at the nobile station (the
received signal) is input to the received data denodul ator/decoder 22B so as
to be output as decoded sequence data after being data denodul ated and
dat a- decoded in a case of the received signal being a 20 data signal.On the
other hand, in a case that the received signal is a controlling signa

which includes the transmitting timng-4hformation, the received signal is
sent to the transmssion timng control information detector 229 via the
recei ved data denodul at or/ decoder 25 228. The transm ssion timng control

i nf ormati on deheot sp22Qidgtectis avflrapspity i pg tire ngrreddimptdas fromt he

received signal .so as to._report.to th transmtti tim.ng controller 228
of the transnﬁygifp?kﬁ&tgzg conti §ar %#%ﬁPQﬁC%gebdggggﬁﬁPFS% éﬁ:a§§8rding to

the sixth enbediraRplihg-cRECTinbedipHldz 215 iagea sehRymidc dragiam of a
configuration of a base station. A description of an operation of a

nul ti-path i REEPF TR teRRcel ePeTECEMD BGuathefNiRmePRELIfion
frequency-domaincequad i 281 Al regdygdpserkbedecehd itSotAikhbigds In FIG 21,
this base station conprises a transm ssion-timng control information
generat or 111fregugney afPRicCteing-asi ghaltigesBi 5t org 1F29Nahd piddessors  113-1

t hr ough 113-ngg%e?ﬁ@gaet§%%%§?g§i%gtE&gﬂg Ns AS4he qeafigurations of the

processors 11 rough of "the nobile stations a through n are the
sane, an exenplrangmibhingurating afontthelpedcegsorhd 13réndbisdidrhe nobil e

tati isd i_bed. .Th 3-1,0f th bile stati
Conpr 1 Ses as COARRL (TFE OB OLbcel AG! U ohe A NG (TFHG Kata gener at or

114 and am adderrdl5 wid as27 eeen¢ioUs proeesstdtgrfitehyonSimings of
the transmitting signals based on the reporting from
the transmission-timing control informetion detector 229
to be described below.
(An operation o¢f a receiver)

15 The signal received at the mobile station
(the received signal) is input to the received data
demodulator/decoder 228 so as to be output as decoded
sequence data after being data-demodulated and data-
decoded in a case of the received signal being a

20 data signal.on the other hand, in a case that the
received signal 1s a controlling signal which includes
the transmitting +timing information, the received signal
is sent to the +transmission timing control information
detector 229 via the received data demodulator/decoder

25 228. The transmission timing control information
detector 229 detects a transmitting timing information
from the received signal so as to report to the
transmitting timing controller 228 of +the +transmitter.

Next, a ccnfiguration of a base station

30 according to the sixth embodiment is described. FIG. 21
is a schematic diagram of a configuration of a base
station. A description of an operation of a multi-path

interference canceller, a chip equalizer, and a



a recei ved data denodul at or/ decoder 116 whi ch renoves 15 nulti-path
interference, a received data denodul ator/decoder 116, a chip repetition
reconstruction unit 117, and a received timng detector 118. Below, an
operation of the base station 20 configured as described above is
described. The signals fromthe respective nobile stations (nobile station
a through n) received at the base stati4@r undergo at the correspondi ng
processors (the processors of the nobile stations a through n) 25 113-1
through 113-n the processing of the received signals. The received signals
fromthe respecidueacynobinden stegbedhnsen taireadh mdsgpabefr drarehe processors
113-1 t hrough l]{%ﬁr. of the respective nobile stations 30 a through r, are
mul tiplied wi Fh g'm)bi | e station- specific phase sequences conprised in
the nobile stations alnhreugh 21 SotAsst Gadrdesgirialh tda@nediises repetition
reconstruction unit 117 an operation which -43 restores chip repetition.
Her eby, such deffiPEFPFXEP  SIGREI S TR hehfeSddrry FsRFiaterst Bt ons a

through B underggnbhe:fsmmvalyngh mddd-~Rat hint erfgrenceatorihe received
dat a denodul at or laecoder 116g§o th@égt trhae 5 transmtti %i%dgt aogre

reconstruct ed¥orl othpeegh ngldsn tdfe wekbbed s§atiosequenterou@h the ot her
hand, the recel ved ! imng o delector 418 uses L. recel yed_pi gL gagnnel s
Re Fespeci 9 g

transmtted from I'Vvé ndbilTe Statifons a t Afdugh h ' so”as to
perform the det3ecti of dfhe heobikbcestetdibdhsi rgsthidergh nn tdre detect ed

received tim 2%% i nf or nmat i“\%ﬁ i s sent_.to the t_ra%sn%ssi OQOELQ“'SQP (‘ﬁgt_EoI
i nformation gehbratdP FIERHEFE (HETIEREN SR &F t I nd
10 of the mobile station a 1is described. The processor
113-1 of the mobile station a comprises as tranmitting
processing functions a transmitting data generator 114
and an adder 115 and as receiving processing functions
a received data demodulator/decoder 116 which removes
15 multi-path interference, a received data
demodulator/decoder 116, a chip repetition
reconstruction unit 117, and a received timing detector
118.
Below, an operation of the base station
20 configured as described above 1s described.

The signals from the respective mobile
stations (mobile station a through n) received at the
base station undergo at the corresponding processors
(the processors of the mobile stations a through n)

25 113-1 through 113-n the processing of the received
signals.

The received signals from the respective
mobile stations a through n input from the processors
113-1 through 113-n of the respective mobile stations

30 a through n are multiplied with the mobile station-
specific phase sequences comprised in the mobile
stations a through n so as +to undergo at the chip

repetition reconstruction unit 117 an operation which



control information such that the received timngs at 15 nobile stations a
through n coincide with one another s generated Such generated

transm ssion timng control information is sent to the adder 115 so as to
be added with the transmtting data generated at the 20 transmtting data
generator 114 for transmssion to the transmtting signal generator 112.

The transmtting signal generator 112 i4&tudes the transm ssion timng
control information as .described above for reporting to the respective
nobil e stations. 25 As described above, in the wireless transm ssion system
accordi ng to tRetSrRs h cédBodigraii tioppbilaredat i vimh pdefokmalexgddition to

chip repetitiqe o] I 1] transmitiin Longs so. th t he
recei ved tini%ggng%gtEékgaégﬁgtg%ﬁ%%g%%$%c§§%£%%e%t%kgbgg f?a%%?éqqh ng
signal s are seanturideddee base retavadn,of emabti-ngth fimtdefereeductaton of the

effect of mul Hapl e-access interference as the frequency spe%trum of the

respective nobifFe St&iVEfs PR ConBEM P T4 8S6PERbgonal 3% t FBhe Hifot her on

the frequency taxhsmitfid hest®r &reat ridh Pasersatican, oLf@nsdd i 89 signal s
with a conbined use of chip repetition and the transm ssion timng control

recei ved 5 fitBm tIREIFSHI | €25t afPBRSN@F e multi-plied with the phase
sequences correspondi nggf orde Egspeglioue ’?@'?eéé?&é@nﬁiﬁﬁn s to restore
h i al for e

the repeated chip pattern to the original mto demultip into the
signal s fronmdehecrespddffi vesembiche stemeilynd. piHery, thowelB0 denul ti pl exed

signal s of the.Lespecliye Uphi |6 otaLlons .are aopld ed Lo, ghe qulti-path

interference cancelTer,” the chip equalizer, an the requerncy-domain

equal i zer10 as thktbughr at edoi skl &  4ritbtaugthedbdéteotiter 66 the
received timings. Herein, the detected zxreceived timing
information i1s sent to the transmission timing control
information generator 111 where the transmission timing
control information such that the received timings at

15 mobile stations a through n coinclde with one another
is generated.

Such generated +transmission timing c¢ontrol
information is sent to the adder 115 so as to be
added with the transmitting data generated at the

20  transmitting data generator 114 for +transmission to the
transmitting signal generator 112. The transmitting
signal generator 112 includes the transmission timing
control information as described above for reporting to
the respective mobile stations.

25 As described above, in the wireless
transmission system according to the sixth embodiment,
mobile stations perform in addition to chip repetition
a controlling of +the transmitting timings so that the
received timings at the base station coincide when the

30 transmitting signals are sent to the Dbase station,
enabling a further reduction of the effect of

multiple-access interference as the frequency spectrum

of the respective mobile stations becomes fully



renove nulti-path interference caused by the nmulti-path 15 propagati on of
the own transmtting signal so as to reduce the effect of nultiple
interference. In other words, the receiver of the base station which
performs the renoval of interference caused by its own nultiple signa
enables a sinplifying of the base station 20 receiver configuration relative
to the configuration which renoves nmult44le-access interference from ot her
nobile stations. In -the wirel ess transm ssion system according to the
present enbodi nent, the nobile station conprises 25 a function of changing
t he scranbl i ngrtiedgomll t wpthedrted atdrehspr eaditig chrpgseguenseis Bel ow an
operation of the nobile station as descg%b d above is described. In FIG

22, the data-synbol sedUENCETERul t3pl it a5he Sttt ier 242-1 with the

spreadi ng 30tefdenpeneiat edyad1d heispr eadBgnosie gepersdt okh2dl so as to
be multiplied at the multiplier 242-2 with the scranbling code- The
scranbl i ng coBePEsEI™ BRE GHE | EFPRSIHTIOR t BN afBPFHY cageci¥edised by

45 SWHLCTH NOc Bl | RESCHAUPIL NG cGosSWELeN!o GRNLEa! i UAL! gedaeCe one .
of the cell-specific scranbling code and the user-specific scrambling code.
| n the presenseqesherl meprrespendigranbbi ndrecodesmarittiols ngoleidi rol ling 5 unit

245 perfornms switching_hased on the exter con | i nf.armati on which
i nstructs thes)é\é\}vlgjf(g(.:| i nSO of° t hé s%:ersatr%el ngﬁ%oéeepe%g%lhe&g% eéér:l’ta “*Controll i ng
information, the wal | eenqfngur &ian donf demel ¢ il dxndisad | ngeoneigpfalishe

multi-cell enyironment and the 10 isp]Jated cell enyjironnent, or one of the
cel | -speci fi ct*FAd Uer SSRITFVE sBPRNT i AG2EOWRS | $PGBed T &ccor dance with
the i nformati gemsuetpiasiddestgdes of Siduktapestisie/- EPIRSt ishELIBRs | e
stations in agrlejplatp%kl'ied to the multi-path interference canceller,
the chip equalizer, and the frequency-domain equalizer
as 1illustrated in FIG. 44 +through 46 in order to
remove multi-path interference caused by the multi-path
15 propagation of the own transmitting signal so as to
reduce the effect of multiple interference. In other
words, the receiver of the base station which performs
the removal of interference causad by its own multiple
signal enables a2 simplifying of the base station
20 receiver configuration relative to the configuration
which removes multiple-access interference from other
mobile stations.
In the wireless transmission system according
to the present embodiment, the mobile station comprises
25 a function of changing the scrambling code multiplied
to the spreading chip sequence. Below an operation of
the mobile station as described above 1is described,
In FIG. 22, the data-symbol sequence 1is
- multiplied at +the multiplier 242-1 with the spreading
30 code generated at the spreading-code generator 241 so
as to be multiplied at the multiplier 242-2 with the
scrambling code. The scrambling code used in the

multiplying of the scrambling code is used by



Subsequent to the scranmbling code multiplying, the 15 chip-repeated sequence
is output via chip repetition at the data reuse unit 243 and the

mul tiplying with the phase sequence generated at the nobile
station-specific phase sequence generator 244 (nultiplied at the multiplier
242-a) . 20 Furthernore, in the wireless transm ssion systemaccording to
the present enbodinent, the nobile statdsen nultiplies spreading codes
different for the respective channels so as to multiplex nultiple channels
and then to performchip repetition. Below, 25 an operation of the nobile
station is desciidiedyg aefate ngetantlliGe 28dd nsFLGEhP8; aomukblplng ng at

the nobile statio f different. spreadi codes_havin F=2 to the
di fferent syn‘ﬁ’&tsgégenE%SOBF c%nﬁé?s y qgﬁapﬁf:l@rc 36° ﬁ‘%?l%@? <o "and (bl ,

b2, -) enabl esn@ cede-usar-tipRlcexh Ry RHradeihno Huennels ehet hersquraadi ng
chip sequence "al, 111, "al,21', |laz2j", ~Na2,2", ---, "bl,111, [|kbl,2-",
'b2,1", "b2, 2embodimeRtgor Hitig SEFUREL T e SOAE -G tEhBBEI rASMTLOd 1388 or ni ng of
chip repetdtin.to c - mul.tJ hipy sequ els A and B
CREGY Gl 33?’1%?%%2“,52-%&%gr§'\‘%a o SBIE | She b pl exi ng of

di fferent chaoeetsolMiinigi nitfermednions wioioth- $haped-tspethe umwiBesildgs, for the

channel nultiplexing, there_may b faqr anple, a case 0 I tiplexing
mul ti pl e dat aoghgzﬁlﬁel ssc)lrarlr’%%%(:l(r:lgr d%%cgée' V\,?‘Fhetﬁ ee‘a%?ranaf raﬁgrrlr{:lé%lﬂjolnngf ate and a
case of nmultiphextmgioa,datiee clhandetormhinaataptr adrdfioxgacthannel . 10

Furt her nor e, :iLn a w.reless transm ssi n.sysiem accaording to hh resent
enbodi nent, a %b?%,%emé;t at?on C%‘%I’I “33 a Fﬁ]ﬁcﬁ o 8Pm8ﬂ'gn@"r?g g %’Dbl | e
st ation- 1gpecifsTattiseesbquentechaset, ot t bReexf erRal cell-specific
and user-specific scrambling codes is wused in
accordance with the information such as the number of
simultaneously—connecting moblle stations in an uplink.
Subsequent to the scrambling code multiplying, the

15 chip-repeated seguence is output wvia chip repetition at
the data reuse unit 243 and the multiplying with the
phase sequence generated at the mobile station-specific
phase seguence generator 244 (multiplied at the
multiplier 242-a).

20 Furthermore, in the wireless transmission
system according to the present embodiment, the mobile
station multiplies spreading codes different for the
respective channels so as to multiplex multiple
channels and then to perform chip repetition. Below,

25 an operation of the mobile station is described,
referring to FIG. 23.

In FIG. 23, a multiplying at the mobile
station of different spreading codes having S$F=2 to
the different symbol sequences of channels A and B, or

30 (al, a2, *°°) and (bl, b2, ") enables a code-
‘multiplexing of the two channels of the spreading chip
sequence “al,l”, “al,2”, “a2,1”, ™aZ2,2”, ., “bl,1”,

“bl,2”, “b2,1”, “b2,2” ... According to the present



controlling information. Bel ow an operation of the 15 nobile station is
descri bed. The description of the process up to chip repetition according
to the present enbodinment which is the sane as the process according to
the enbodinent as illustrated in FIG 22 is omtted. 20 In FIG 24, the
external controlling information is input to the nobile station-specific
phase sequence generator 255. Accordi ng-4&~-the present enbodi nent, an
inclusion as the external controlling -information of the phase sequence
information to be 25 used as the information for reporting fromthe base
station to thembespeeit veanobidferstiayi s ehapl expatideser ronasuan of -the
nobi | e station-specific _phase sequence based _on that report%gg i nformati on.

Fur t her - mor e, CPHe Tt Hed S5Fd ettt APAYSEFe MSbi FePnS1sSt &4 6R%specific phase
sequence is notyiim tedythe- meihod~as dgsori bed) akaygiedon: exaapige it may

’

conprise an aspect such that the respective nobile stations autononouslv
det er mi ne t heMwpbipkexing | 6f- sHddierretpidwaned? segidacetly &opPedet er mi ned

met hod. As de I&#@%Mesgé&m_ﬂ%ggﬁgeg he schi Py J epgated signals at the

respective nobile stations orthogonal to one another in the frequency
domai n, the Smubktiplestind,m higsrat melie dbase foratd-mmpde, t e skgaals fromthe
respective ”D§i£€'5t§§£§"5 nfgd fo ﬁo%nchgg. o hus, in_the mﬁrelgs§

transm ssi on s‘;’ Je‘?r]i ACCOT dfmﬁg %t 8 6res A Ceftbodi n’%ﬁf?rq‘_ﬁéceoasé 1%tati on
conprises a tnactdaya otrpesdiysiiony Bat®O0SAdt ransakét idfy mibt iiglekingont r ol

of the respective nobi]e stations so that %he of fsets anong the received
timngs at the mRAHA eCPaRRtt 0A8%re EBRLAEPhEHT o WPERFH a predetermined time

di fferenge, Furthermore, in a wireless transmission system
according to the present embodiment, a mobile station
comprises a function of changing a mobile station-
specific phase sequence based on the external
controlling information. Below an operation of the

15 mobille station is described. The description of the
process up to chip repetition according to the present
embodiment which is the same as the process according
to the embodiment as illustrated in FIG. 22 is
omitted.

20 In FIG. 24, the external controlling
information is input to the mobile station-specific
phase sequence generator 255. According to the present
embodiment, an inclusion as the external controlling
information of the phase seqguence information to be

25 used as the information for reporting from the base
station to the respective mobile stations enables a
determination of the mobile station-specific phase
seguence based on that reporting information.
Furthermore, the method of determining the mobile

30 station-specific phase sequence is not limited the
method as described above. For example, it may comprise
an aspect such that the respective mobile stations

autonomeusly determine the mobile station-specific phase



Bel ow, the concept of a |oose transmssion 15 timng control perforned at
the base station is described, referring to FIG 25. Herein, for the
brevity of the description, the target nobile stations for the transm ssion
timng control are limted to the two nobile stations of the nobile station
| and the 20 nobile station 2. According to the present enbodi nent, the

| oose transm ssion timng control is ref€ffred to a |oose control of

transm ssion timng so as to contain the tinme difference T-D between the

received timngs 25 of a received synbol |1-1 at the nobile station | and
that of a recervednsyniyl §-2ratiethemiwhl | methadion 2 to within a
predeterm ned tine di ffgsr eré%%trlgég SLcel V?idn tine di ftEgrten&ee T-c%)ineeds only

to be atine difference necéssary for obt ai Rl ng aeﬂequency-domal R 30
ort hogonal i ty reeeneen tshenabbi | sthti arspandivay moeileonsiadenad, Hor
exanple, to be one or around a few blocks of a repetition pattern. Such

base station REEBPEPTRE t 6Ot HPSr BRRREST 48 Penbiitli AERTUYMADI 88M31 % ed (8 on of

the controfling.Logey hYmBREEOrAH NGnLT aRSE SSHN dr NLAY tRNTL DL Ofs the
respective nobile stations while, allowing for the tine difference T-D of

the received tiraingsie Srespedeimeal ngbile stessensf ngppl yingceohecidoose
transm ssion tim.ng .con | .as ri th ase in
whi ch nul ti pl terl-hg'(S:(:eslg1 %%%eﬁ‘lerreg%%g n%%q}g%gg%g%% §’ﬁ’%r5§¥1g}{c%?d§ﬁ‘§ rgocei ved
ti m ngs anongthee prdddng sémbodimsnat, ttiee bhseestatatdonlCagmuses st he

frequency-do :uncggtrpo%%nal ilt_]yo ofi t he cq_if%-serereaat eqt%iignalts at the
respective no |Ine S?atl nsp?o rbnénlgOS?- has, nr} e W I’%| esl? Prgansm SSI1 on
system attor diongrdd tdfe phesertpenbbdd mewrbilethestmbiohe sfat tbat the
offsets among the receilved timings at the mobile
stations are contained to within a predetermined time
difference.
Below, the concept of a loose transmission
15 timing control performed at the base station 1is
described, referring to FIG. 25. BHerein, for the
brevity of +the description, the target mobile stations
for the transmission timing contrel are limited +to the
two mobile stations of +the mobile station 1 and the
20 mobile station 2.
According to the present embodiment,
the loose +transmission timing contrcl is referred to a
loose control of transmission timing so as to contain
the time difference T-D between the received timings _
25 of a received symbol I-1 at the mobile station 1 and
that of a received symbol j-2 at +the mobile station
2 to within a predetermined time difference. This
received time difference T-D needs only to be a time
difference necessary for obtaining a frequency-domain
30 orthogonality between the mobile stations and may be
considered, for example, to be one or around a few

blocks of & repetition pattern.

Such base station according to the present



conprises a function of adding a guard interval so 15 that the chip-repeated
transmtting signal are fully orthogonal in the frequency domain. Bel ow an
operation of the nobile station is described, referring to FIG 26. In FIG
26, an exenplary case of generating 20 a guard interval by duplicating the
respective portions of the tail-end and the head of the chip pattern
generated by chip repetition to the tai48nad and the head of the
corresponding chip pattern is illustrated. Wile the base station receives
fromthe 25 respective nobile stations such signal having the guard

interval as desePRBBENBbGVELIGded trﬁéuehwnr@gea*%f&j cephFRlSirgr terd

respective nohj Stad age aived Wk Leguencyrdomal n
orthogonalityga%:% tﬁ%bfﬁﬁ% d?§ eré%gé Tﬁ%)gﬁﬁt%e received timngs due to
the 30 | oose toespspisseomdabiitiengs conitarsl weikablleels) i Yert oche heinet al

| ength T-G of {, uard interval generate d . as,described above. In other
wor ds, even iﬁﬁg%SQSECeoﬁnébp?giﬁgmh ?%E%#YT%a§%$ﬁ%¥Ton timng control, -49
reduction of nultipl e-agaessehtdilEnf er ence: i saemablfedagyylyimsethéng at the
nobil e station the guard i.nterval as descrjbed above.cgﬁg%gernnre, t he

mobi | e st at i ort 28 deSTH BEF S 8 aboVE " onpriEey a®f urfési S8%Fng t he

length of thanehep-figpeateds ChiaBepaid ennibRNgRItipas-ddecdd me difference
at the base station of the received timngs of the respective nobile
stations from@YSEERESRFS Widdw ¥FCHeddéi P nafEFpt eCdccers FREEYRE ence.

Bel ow an 10 op&rahben SforddetABbile;skatiQitionsdescr ihed pd&f ecringy to FIG
27. In FIG 27, thé nobilée station sets the chip-repeated chip pattern
| ength T-50todswses the frequency-domain orthogonality of the chip-
repeated signals at the respective mobile stations to
be lost. Thus, in the wireless transmission system
according to the present embodiment, the mobile station
comprises a function of adding a guard interval so
15 that the chip-repeated +transmitting signal are fully
orthogonal in the frequency domain. Below an operation
of the mobile station is described, referring to FIG.
26.
In FIG. 26, an exemplary case of generating
20 a guard interval by duplicating the respective portions
of the tail-end and the head of the chip pattern
generated by chip repetition to the tail-end and the
head of the corresponding chip pattern is illustrated.
While +the base station receives from the
25 respective mobile stations such signal having the guard
interval as described above added, the chip—-repeated
signals of the respective mobile stations are received
with a frequency-domain orthogonality when the time
difference T-D of the received timings due to the
30 loose transmission timing control is small relative to
the total length T-G of the guard interval generated

as described above. In other words, even in a case

of applying a loese transmission timing control,



sufficiently longer than the time difference T-D of 15 the received timngs
at the respective nobile stations. Hereby, reduction of the effect of

| osi ng frequency- domain orthogonality of the signals of the respective
nobil e stations and of nultiple-access interference is enabled.

Furthernore, according to the present 20 enbodi nent, inprovenent in

transmi ssion efficiency is enabled by ndt-performng the inserting of the
guard interval as illustrated in FIG 26 so as to reduce redundant data.
Next, a specific exanple of the transmssion 25 timng control perfornmed in
a wrel ess trarsHrssPon cfsyBibMbledeserFbediterépoeriag itso emmlssubyice

diagram in Fl 28ind n Kl 8, . 4Mm:95 sighal r qgg rhng..at the
base station fgéetﬁén%if?éf%ﬁ%egwgﬁégg%?ﬁgg§8 Fe%p cﬁﬁge]ho ?&glsté%ions
70-1 through @ésnrobed heborveceived timngs are transmtted fromthe

respective nobile stat%on 70-1 thrgggh 7gﬁ-n. xp%.base station, %20
receives the signals as GescriBed ab fPRASRI (TEE B0 55 ofitthe P& pect i ve
mobi | e stadi oapo¥e- dofnriiegh Z0-funciQoads 40 Eeasiti@ the reaejthedoti m ngs of
the respective nohile stations. In 552, the base station 100 conputes the
5 transnittinéhFid5H§§5§Peﬁﬁ§drégﬁébtP%Et%ﬁbiF%n%%%1¢5ﬁ§ 761 thPdugh 70-n

so that the reg@iryedntd MRgstd Bhee rosRach ¥e MR | BesdAIdONS:HPrds t hrough
70-n coincide so as to transmt the signal reporting these transmtting

timngs to thefrcEprcrevbeabbie e MobaLE orfsatdore- ok ouglPoiotn.ofThe
et oA, et et Lnande TR Ol e s onel g deser b
stations 10 operation of the mobile station 1s described, referring

to FIG. 27.

In FIG. 27, the mobile station sets the
chip-repeated chip pattern length T-S to be
sufficiently longer than the time difference T-D of

15 the received‘ timings at the respective mobile stations.
Hereby, reduction of the effect of losing frequency-
domain orthogonality of the signals of the respective
mobile stations and of multiple-access interference is
enabled. Furthermore, according to the present

20 embodiment, improvement in transmission efficiency 1is
enabled by not performing the inserting of the guard
interval as illustrated in FIG. 26 so as to reduce
redundant data.

Next, a specific example of the transmission

25 timing control performed in a wireless transmission
system is described, referring to the sequence diagram
in FIG. 28.

In FIG. 28, in 8§51, the signals for measuring
at the base station 100 the differences among the

30 respective mobile stations 70-1 through 70-n of the
received timings are transmitted from the respective
mobile stations 70-1 through 70-n. The base station

100 receives the signals as described above +transmitted



70-1 through 70-n transmt the signals based on the 15 transmtting tim ngs
obt ai ned after denodul ati on as descri bed above- Hereby, the base station 100
enables reception of the signal so that the received timngs of the
signals fromthe respective nobile stations 70- 1 through 70-n coincide. 20
Thus, the base station 100 according to the present enbodi nent generates
the transmission timng control informa®fon for the respective mobile
stations 70-1 through 70-n based on the differences anobng the respective
nobil e stations of the received timngs. In 25 other words, a_setting of
nore coarse résBTuttleh &£SPeEEH'S r BASHL €t iSt§ L PR ng OrAf oftigdn &bl es

i mpl enent ati op,of,loqse tLansyd ssion LJJu;ngyc rQ i ch,bandl es an
operation as aostep-IQT ke operati o}rllg ré?@tlhgdo?ﬂ'erl Egn‘(’f}f alesetti ng of finer
resol uti on of rddpebeivaf oobaleorsttibhe.transmtting timngs to be reported

to the respective nobil e stations _enables an_ .inpl ntati on of re strict
transnission timng co ?roﬁ%%'-Sgh%%aégcrﬁ%&OQboﬁdg FREPDEER §g§ti on
accordi ng 4 0 thenphesenig erbpdhgentorCotRE | SespkBeivd URebi DA efafgagyri ng the

recei ved tim'ngs of the respective nobile stations for _re_portinflg
transm ssi on BUTinmi HeFH r 69~ % nf6r net3on T8 tIFe i 88Pe it 8IfD T ethe

stations. As @a.sp@palasefdphior NBasYHRg 1dUiS kREShHEd 7oLl MG ncaqRi | Of
signal may be considered. In other words, using the wreless transm ssion
syst em accor dFRg 2% o tohet st Ehdodilgeatl, T9ReTvdbBE| Ehesati on conpri ses 10

a function of t?‘éh&{n@k@i&&é‘gt'ﬂihgg ttroanéﬂé”:jeggeéi;%' moBiPL | Qt s¢RaR0el
havi ng a known anplitude” and phase so as to performchip repetition. Bel ow
t he met hold of 70mll tthteighng70+re. piThet odrpacelivat rdid Leobsta: istngt | 001
and 70-n demcdulate the signal as described above
reported from the base station 100.
In §53, the respective mobile stations
70-1 through 70-n transmit the signals based on the

15 transmitting timings obtained after demodulation as
described above. Hereby, the base station 100 enables
reception of the signal so that the received timings
of the signals from the respective mobile stations 70-
1 through 70-n coincide. ‘

20 Thus, the base station 100 a;COrding to the”
present embodiment generates the transmission timing
control information for +the respective mobile stations
70-1 through 70-n based on the differences among the
respective mobile stations of the received timings. In

25 other words, a setting of more coarse resolution of
such transmitting timing information enables
implementation of loose transmission timing control
which handles an operation as a step-like operation.
On the other hand, a setting of finer resolution of

30 the information on the transmitting timings to be
reported to the respective mobile stations enables an

implementation of more strict transmission timing

control.



is described, referring to FIG 29 through FIG 31 15 (A first nultipl exing
nmet hod of pilot channel) FIG 29 is a schematic diagram of an exenpl ary
enbodi ment in a case of time-nultiplexing a data channel transmtting a
data chip and a pilot channel 20 transmtting a pilot synbol. As illustrated
in FIG 29, the data synbol input fromthe data synbol sequence input port
and the pilot synbol input fromthe piloti1-synbol sequence input port are
tenporally switched at the switch 260 so as to be input at the multiplier
25 262-1 and then to be multiplied at the sanme nultiplier 262-1 the
spreadi ng code gener at efds atddske ibsfr eadiveg- cade gener attaridfl. Thereafter,
as described above, scranbl ed-code multi IyLng and chip repetition are
performed so 35°P5I5YE pi° aEh?hQréﬁ?BtréﬁgﬁpéH néo?@@&ﬁgﬁﬁ%.t@ﬁ second

nul tipl exi ng pehhedoRf ¥ | Atashanne! nEl GecdQuvb8 anNm@xg8PIar yrggbodi nent in
-52 a case of assigning different spreading codes to a data channel

transnitting AAREALEYRbAICPARE #YFTHEDS chanmnePPeFlind HERRYI & PiFot synbol
S0 as to Capdeuw&hgl Rl AS {dddishhated {0 LG AQpthe,datarsyabol 5 i nput
fromthe data sy | sequence 1 nput port and the pirlot synmbol 1 nput from
the pilot synbbktsegsiends &nmignportusade fespeastisvelyg mihtispl Fecktibed he

different spreading codes @bre sgﬁcifgpagéy, t he dgtg s%nbol LS

mul tiplied bytﬁﬁéngpré%dpﬁéocoéégae erdted’at ¢ ﬁglf %prea&iﬁﬁvgﬁde

generator forwdatia, syHioly 27de whiilreléhe thiahetnisyidol systaml taqebiradndy t he
spreading code | ggnerated at the spreadi ng,code ganerator, for pilof__synbol
10 a function of multiplexing to the +transmitting signal
a pllot channel having a known amplitude and phase so
as to perform chip repetition. Below the method of
multiplexing the pilot channel at the mobile station
is described, referring to FIG. 28 througﬂ FIG. 31.
15 (A first multiplexing method of pilot
channel)

FIG. 29 is a schematic diagram of an exemplary
empodiment in a case of time-multiplexing a data
channel transmitting a data chip and a pilot channel

20 transmitting a pilot symbol. As illustrated in FIG. 29,
the data symbol input from the data symbol sequence
input port and the pilot symbol Iinput from the pilot
symbol sequence input port are ‘temporally switched at
the switch 260 so as to be input at the multiplier

25 262-1 and then to be multiplied at the same
multiplier 262-1 the spreading code generated at the
spreading-code generator 261. Thereafter, as described
above, scrambled-code multiplying and chip repetition
are performed so as to output as the chip-repeated

30 sequence.

(A second multiplexing method of pilot
channel)

FIG. 30 is an exemplary embodiment in



Such spreadi ng-code nultiplied data synbol and 15 pilot synbol are

code-nul ti pl exed at the adder 274 so as to undergo scranbling-code

mul tiplying and chip repetition for outputting. (A third rmultiplexing

met hod of pilot channel) 20 FIG 31 is an exenplary enbodiment in a case of
assigning different frequencies to -he data channel transmtting data
synbol and the pilot channel transmttbng pilot synbol so as to
frequency-nultiplex. As illustrated in FIG 31, data synbol input from data
25 synbol sequence input port and pilot synbol input from pilot synbol
sequence i nput past¢ afe amdigrplrigeddin fdrertthesspradidiongcedses tgerner at ed at

the respective, spreading code generators 261-1 and.281-2, are. l'tiplied
with the scr&fBfi ng gléﬁl‘e\?‘gﬁ% R ?héiagﬁ r%@ﬁ’e"& i %%C%- § s‘r)]a]rﬁ)r%li ng- code
generators 282=inand 28dr=Ahittang thepitht psiepeat e abkst he resgscti ve chip-

repetition units 284-1 and 284-2 so as to be nultiplied by different
frequenci es @ tiRL§%cades HilusEraed 1. Fiken3P he Bpntfa s aswmbol

f requencysnulitiphkexed at +ytheyadde %,&5& f QL QUL Pt Linng gesgrd bed above,
accordi ng toltr{?g embodi ments as iF ustrat eg in Fl CliBZQ ?Eroug FIG 31, 5
the nobile stts opihet t ispibgées irpatpi foim chhanalidoso agitad appdyercts p

arrangenent RO Ao t freg ST Tare P om he rob o S afrone o e A
f requency- domrgimeadihogorsi.t yMose espaloliédcally Mortgevetataat syitieobase st ati on,
o e el Sl 5P 88 U gus,t B SRIPAYIE B0 otatl o
measuri ngot hespreeeiivgdcode generator for data symbol 271 while the
pilot symbol is multiplied by the spreading code
generated at the spreading code generator for pilot
symbol 272.
Such spreading-code multiplied data symbol and
15 pilot symbol are code—multiplexed at the adder 274 so
as to undergo scrambling-code multiplying and chip
repetition for outputting.
(A third multiplexing method of pilot
channel)
20 FIG. 31 is an exemplary embodiment in a case
of assigning different frequencies to the data channel
transmitting data symbol and the pilot channel
transmitting pilot symbol so as to freguency-multiplex.
As illustrated in FIG. 31, data symbol input £from data
25 symbol sequence input port and pilot symbol input from
pilot symbol sequence input port are multiplied with
the spreading codes generated at the respective
spreading code generators 281-1 and 281-2, are
multiplied with the scrambling codes generated at the
30 respective scrambling-code generators 282-1 and 282-2,
and then chip-repeated at the respective chip~

repetition units 2B84-1 and 284-2 so as to be

multiplied by different frequencies (in this case, f1



timng at the base station using the pilot channel as 15 described above is
described. FIG 32 is a schematic diagram of an exenplary configuration of
a base station which neasures received timngs of the respective nobile
stations by chip- repeated pilot channels. Bel ow an operation of the 20 base
station as described is described, referring to FIG 32. In FIG 32, the
base station generates a signal by nmultiptying the pilot synbols
corresponding to the respective nobile stations generated at the 25

pi |l ot -synbol pattern generator 291 with the spreading code generated at the
spr eadi ng- codengengrat oTh&93,theapgihdig carg- fepgheticprmaditiphexzed at

chi p-repetition u% 294 anfd nmul t%{)l yi.ng the nobile station-specific phase
generated at the Yo &bt itOA- spe yten hase- sequence 30 generator 295.

Correl ation of such gengsated-sighal apWth therecghved, stgpal is conputed
at the correlation operator 296 so as to detect the received timngs of
t he nobil e st &TbPeRdiferts hasr delfastivasepatins. F164 RBér efhroudhe PHi hslare

referred 1 the.lenpaakl Ve LiaNSHiL x%isgngﬂe%ymsicve&a%eape Rase

station via ferent propagation routes. He a nmeasurenent of - the
received tin ags of ehelyesphect i vepatpliiilos stat gensrstaisitig tdwemipi | ot channel

is enabl ed ev Lo S f l.yin ip. repetigion._ Next, the epbodi nent
in a case of gg?#%r%%}det g]éeg‘r?%gc m Egle%%‘% 'm ﬁar%l(%t rof o'?fr%aﬁlgerrngrslggcti ve
nobi l e stationg byrausmigttihe deigciied feoei ved tiobings dithtdbnthecarobil e

stations as described_above is described. FIG, 633 i,s a diagram which
describes a tF&Rsf s&F R TTR T EoMt r%’ft}ioﬁogé&bgﬂari@e W?lﬁ‘ge[dﬂe recei ved
timngs afo fimstepadhs at tée respectdté®@ion, a measurement of the
received timings at the respective mobile stations
using the pilot channel as described above 1s enabled.

Next, a method of measuring the received

timing at the base station using the pilot channel as
15 described above 1is described.

FIG. 32 is a schematic diagram of an exemplary
configuration of a base station which measures received
timings of the respective mobile stations by chip-
repeated pilot channels. Below an operation of the

20 base station as described is described, referring to
FIGc. 32.

In FIG. 32, the base station generates a
signal by multiplying the pilot symbols corresponding
to the respective mobile stations generated at the

25 pilot-symbol pattern generator 291 with +the spreading
code generated at +the spreading-code generator 293,
applying chip-repetition at the chip-repetition unit
294, and multiplying the mobile station-specific phase -
generated at the mobile station-specific phase-sequence

30 generator 295. Correlation of such generated signal
with the received signal is computed at the

correlation operator 286 so as to detect the received

timings of the mobile station for the respective paths.



nobil e stations. 15 In FIG 33, the left portion is a schematic diagram of
the received timngs of the respective paths for the respective nobile
station (herein, nobile station 1, nobile station 2) detected at the

recei ved- timng detector 297 as illustrated in FIG 32. 20 According to the
present enbodi nent, the base station detects for the respective nobile
stations paths conprising received powsg4-above or equal to a predeterm ned
recei ved power as effective signal power path. Then, based on the detected
result, the 25 transmssion timng control is perfornmed such that the first
pat hs of the rnesegac)i wRenubidtes shati arScared recetived raspeieisane tim ng.

For exanple, as il]Justrated in the right portiqon of FIG 32, the |
transmitting EFARFHStoNS helvespectreelvebi PE Sthn | BAE 3G TREEBntYA | ed so

that the recejyedotdm nﬁr_@faa%g'@iorfi kstepat hpatethe obLd L Slldnen drand the
received timng of the first path of the nobile station 2 coincide. In

other words, the Beseigesdtithmiagsoref nghebrasperiavpr ewditl cendor st
enabl es a §Up8£§§§! Oc'?leog%ff& ‘Eﬁgfx'ﬁél of, MLt bler a&?e%sihntaer fc%gncoef from
ations pl'e o q -

other nobile’s cording to thesprl nci f requency-donai n

ort hogonal i t yapbihirdi phippetddetaniby. 5 perform ng the transm ssion timng
control. While a case 011% meas‘lgj}:ji ng, hﬁ.rec ived _timngs J1Irom %he respective
mobi | e stations so as tO°~det &Fhi Ché™shbunt® of &8Rfrott i RGToPTTH

transm ssi on thenmdighshieribhe Higspectddrrrbidfe shat ixyzpebased on 10 the
measurenment result is described in the epbodinent as described above, the

wirel ess tran@APEst of ByiPBM BYecBFtihg M6 1HRFSarEdemeEHYSd neHR L Ghpr i ses
a functian obrautrenopeysly detzefiBhbi NG t BestF AN kbbRE is described,

FIG. 33 is a diagram which describes a
transmission timing control in accordance with the
received timings of first paths of the respective
mobile stations.

15 In FIG. 3, the left portion is a schematic
diagram of the received timings of the respective
paths for the respective mobile station (herein, mobile
station 1, mobile station 2) detected at the received-
timing detector 297 as illustrated in FIG. 32.

20 According to the present embodiment, the base
station detects for the respective mobile stations
paths comprising received power above or equal to a
predetermined received power as effective signal power
path, Then, based on the detected result, the

25 transmission timing control is pe'rformed such that the
first paths of the respective mobile stations are
received at the same timing. For example, as
illustrated in the right portion of FIG. 32, the
transmitting timings of the respective mcobile stations

30 is controlled so that the received timing of the
first path of the mobile station 1 and the received
timing of the first path of the mobile station 2

coincide. In other words, the base station according



timng of the own station. Below an operation of the 15 nobile station as
descri bed above is described, referring to FIG 34. According to the
present enbodi nent, the nobile station uses the conmon pil ot signal
transmitted to all nobile stations. This common pilot signal is 20 used for
such purposes as the estimation of the received power at the nobile
station, and the estimation of the changg-in the propagation channel. In
FIG 34, in 561, the base station 100 transnits the conmon pilot signal to
the respective 25 nobile stations 70-1 through 70-n. The respective nobile
stations 70- ltbhrgughpr@sent ecebvaihbet camablespid osuspxsdicso af tthe
determne the transmtting. timng based on that received timng. In S62,

the respecti vBIABBFI st BB BHRITGCEeS80 YhrHd§ReR6En FPInsHT®T he si gnal at
the transm ttjpg;1Li NG dekerdigdag descihbed,abevglewiid e the base
station 100 receives the timng-controlled signals from the respective
mobi | e st ati oAEeZRENCY TR 7Or thogEgRIThe pre8enchépbd@Prsatiou?y ke t he
met hod of s thecLeaRRMssiaR tldh:CaaLhol aa .l | Ustighed in FIG 20,
enables a sinplifying of the configurations of "the ase station and the
mobi | e stations as the Bhtbat eol tasry sifgregasugringepdrd i ngcehesd ransni tting

timngs fed bacgk. t es ti | J tations d t base .station is
not needed. o%lﬁﬁégatﬁgf&lhgﬁﬁ,&¥§8g??%%§dﬁfgg;§néga%ggﬂgngﬁb ?%e*%bbile
stations in tHeteeoéhyedhel mmgmnt wafl ecaonrsildéngd ofo e berkasgessial ati ve

to th mbodi t idJlustrated i |G 28, .i i.d t o .he | i cabl
Lo the loose “FRaRam St Eoht FFPREbH"S n ERELEorMAH-RC | PARRCCHN L he col |

radi us isy@nmlhe measurement result is described in the embodiment
as described above, the wireless transmission system
according to +the present embodiment comprises a
function of autonomously determining the transmitting
timing of the own station. Below an operation of the
15 mobile station as described above is described,
referring to FIG. 34.

According to the present embodiment, the
moblle station uses the common pilot signal transmitted
to all mobile stations. This common pilot signal is

20 used for such purposes as the estimation of the
received power at the mobile station, and the
estimation of the change in the propagation channel.

In FIG. 34, in S61, the base station 100
transmits the common pilot signal to the respective

25 mobile stations 70-1 through 70-n. The respective
mobile stations 70-1 through 70-n xreceive the common
pilot signal so as to determine the transmitting
timing based on that received timing.

In S62, the respective mobile stations 70-1

30 through 70-n transmit the signal at the transmitting
timing determined as described above, while the base
station 100 receives the timing-controlled signals from

the respective mobile stations 70-1 through 70-n.



(A seventh enbodi nent) 15 A configuration of a wireless transm ssion
according to a seventh enbodinent is described. The wireless transm ssion
-system according to the seventh enbodinent, as in the sixth enbodinent,

conprises the nmobile stations and the base station, 20 applying the
transm ssion timng control so that the received timngs at the respective

nobi | e stations of

according to the seventh enbodi ment 25 is provided below, 30 -57 INT
ERFERENC E SI GNAL FROM IHERE ¥s &R ERENGEi vl | EubTAdd ONBBY mé#dlot - PAT H TYPE
OF(M - LTI PLE- ACCESS | NTERFEPEW-E) PROPAGATI ON OF ER . R | NTERFERENCEE
TRANSM TTI NG RFE EREEMIRSINT TREDENCOSTERAL &8s 1llustrated in FIG.
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28, enables =a simglifying of the configufations of the
base station and the mobile stations as the
controlling signal for reporting the <transmitting
timings fed back to the respective mobile stations
from the base station 1s not needed. On the other
hand, the time difference T-D among the mobile
stations in the received timings, while considered to
be larger relative +to the embodiment as 3illustrated in
FIG. 28, 1is considered to be applicable to the loose
transmission control used in the condition in which
the cell radius 1is small.

(A seventh embodiment)

A configuration of a wireless +transmission
system according to a seventh embodiment is described.
The wireless transmission system according to the
seventh embodiment, as in the sixth embodiment,
comprises the mobile stations and the base station,
applying the transmission timing control so that the
received timings at the respective mobile stations of
the paths having the maximum receiving power coincide.
A summary of the functions of the mobile stations and
the base station according to the seventh embodiment

is provided below.

system

t he pat hs havi ng t hesgraxi mum recei vi ng power coi nci de.

A summary of the functions of the nobile stations and the base -station



FRWI TE R WWMJUM RMEI VED FROM OTHER(t OLL- Tl - PATH POWER PATHS PAT
HSMERFERENCE) REMOVAL OF MULTI - PATH APPUYI NG OF STPI OTI NTERFERENCE

APPLI EDTRANSM SSI ONAT THE E14S E STATI ON TECHNOLCCaESTIM [\ G

CONTROL( MULTI - PATH | NTERFERENCE CANCELLER, CHI P EQUALI ZER, FREQUENCY- DOMAI N
EQUALI ZER) 10 1-5 20 _58 Next, the corifiguraticn of the nobile station
according to the seventh enbodi ment is-dgscribed- FIG 35 is a functional

bl ock diagramwhich illustrates a configuration of a nobile station. 5 In
FIG 35, this nobile station has the configuration with the chip-repetition
unit omtted when conpared with the nobile station according to the sixth

enbodinment as illustrated in FIG 20. Thus, herein such description is
omtted. 10 Moreover, the bWEﬁFEﬁE%EW@Fﬁ@MQTHE@ BE¥EFERE@DBOI ment
is configured ajF in FIG 36 & TATIEeNGONT | gur atBhoMUhak-PAgH-t he

chip-repetiti on Ul b Qi t edqu_srlpgﬁﬁm@[ggsmmfgmﬁgengggb RRERAGATIABCOFdi ng to

the sixth enb0d| m ed |,1\ Firos, TReBMA T h
description is ¢m WEbF%@EI’xﬁ:E ?p FR%HQ}E E ezm%[%ﬁ—di ng| to
the seventh embodinent, the MULTI-PATH ,

INT ERFERENCE)
REMOI‘JAL OF Iv1[L£JLTI—F'ATH
NTERFERENCE
APPLIED AP’;‘-RQEN%S%’E}CT AT THE BASE STATION
TECHNOLOGIES (MULTI-PATH INTERFERENCE

TIMNG CONTROL | 5anGELLFR CHIP EQUALIZER,
FREQUENGY-DOMAIN EQUALIZER)

10

15

20



strict transm ssion timng control of the respective nobile stations so
that the received timngs of the 20 paths conprising the maxi numreceived
power at the respective nobile stations coincide. Hereby, a reducticn of
mul ti pl e-access interference caused by the maxi mumreceived power paths of
other nobile stations is enabled. Morreover, the multiple interference 25
cancel l er, the chip equalizer, and the fygquency-donmain equalizer as
illustrated in FIG 44 through FIG 46 are applied to interference due to
the own delay wave caused by interference fromthe paths of other nobile

stations having non-coipgidentytecgintadutbfidgs orHefigbyncBfi@ kedugtion of
the effect of interference is enabled.  Next, a specific exanple of the

strict transerssiong i ﬁpngtftﬁ)nﬁﬁ’oﬁn’ﬁerfewbﬁém%l’tt t he vResalxéoed.- t (FEai¥smi ssi on
systen1accord5§7 to the present EEQ%E”%”E =29 M%lgﬁscfiﬁﬁgraESLerr'”g to
i ch de

FIG 37. FIG is % |agran1 SCPiBes the “strict tTansm Ssion
ti m ng controkobhéigeertidre obbid emosikt i shatiemd the nobile station 2. In

t he prese 5 enbodi nen strict rans pon timng cont
|IIustrat2% in FIG 37, £¢e%§§s t%sp 6?n1n§ iﬁesqﬁ%%Q ﬁg?lnlng
control of th@oﬁED@u&@Ic&iiQﬂtl’l tded &rtnq;%pbk@tﬁdsrat Iu@['ltz so that the tine

difference T-D between the nmobile station 1 and the nmobile 10 station 2 in
the received PIMAFEYR FPSPheCTBATAGM ViEteithed POWBE patHs BecFrRY HMFost 0

(for exanple, +,thg dekay i ngpdif hepence Tegd%eér%@a the regeived symbol

i-1 of the nDblle station 1 and the receiv i-2 of the nobile
station 2 is §éu5t01ﬁ56u935$m51tdaﬁcnwpﬁuuall$oomnétédurth of the chip

length) s, as to coincyge .t recelved LinNgI Al JAeRAsE o Akhen 1

ot her mords as the basé statidn perfo
seventh embodiment 1is conflg-ured as in FIG. 36, for

example, the configuration having the chip-repetition
unit omitted as compared with the base station
according to the sixth embodiment as illustrated in
15 FIG. 21. Thus, herein such description is omitted.
In the wireless transmission system according
to the seventh embodiment, the base station performs a
strict transmission timing control of +the respective
mobile stations so that the received +timings of +the
20 paths comprising +the maximum received power at the
respective mobile stations coincide. Hereby, a
reduction of multiple-access interference caused by the
maximum received power paths of other mobile stations
is enabled. Moreover, the multiple interference
25 canceller, the chip equalizer, and the freguency-domain
equalizer as 1illustrated in FIG. 44 <through FIG. 46
are applied to interference due to the own delay wave
caused by interference from the paths of other mobile
stations having non-coincident received timings. Hereby,
30 a reduction of the effect of interference is enabled.
Next, a specific example of the strict
transmission timing control performed at the wireless

transmission system according to the present embodiment



the transm ssion timng control so that -the received timngs fromthe
nobile station | and fromthe nobile 20 station 2 coincide, a suppression of
mul ti pl e-access interference is enabled by setting the signals having the
sane received timng fromthe nobile station 1 and fromthe nobile station
2 orthogonal when the spreading codes applied to -the nobile -station 1 and
25 the nobile station 2 are orthogonal cogles. Furthernore, in the wreless
transm ssion systemaccording to the present enbodi nent, the nobile
station conprises a function of changing the scranbling code nultiplied to
t he spreadi ngichidescsegeancecefBiei3d0 mMabi Fecst @7i.on as descri bed above, is
configured, for exanple, as_in FIG 38, having the chip- repetition unit
omitted as conpared wi tH G he ndBi fe LHP8n w%brﬁ?ﬁ‘@mtpk??st h&R&i xt h

enbodi ment ass{ 4 dist kakedni Bsr 8P FLGrn@2.coHebel Metuwehar elnk SHebidescription
is omtted, As described above, according to the wreless transn ssion

syst em accor démtien t he sbetbh erbudienestatiarhe? noldinl etke abirenerhabl es an
om ssion q@f t chi repetition _process by applyi.ng _the_strict
% o&m‘?en‘r?: Qﬁ'\ s(t'&lé:itp.g&%ans léé%ﬁ’gn%{")”‘g\ﬁﬁ eccinr;;rtog

transnission “tining contror. S g stkth
enbodi ment asitlesctrdxedi abowa@En Fxenplkdeysf aiom pérfenmivigngtiidie i nterfering

10 signal fromother nobile stations with a conbined use of the chip

repetition antd M08 SEPHIP t FATRECT c &t r B aRAPERE t KE2S$d0BNth

enbodi ment anagxerplear yiobi s Ms@hti OOV Ngot RBaknteld eking siighakehe®m ot her
nobil e stations by applying the strict cransm _ssion 15 tim ng control are
descri bed, a Rﬂ?e&§§geﬁpan sEPBhLe sydeEAPACcor 8fhg W6 tH :%V%sent

embodi nenfty cogpLisgs 2 funehion-feiMard aplyi et 68l ldhrg hdeismrber of chip

received power paths becomes almost 0 (for example,
the delay time difference T-D between the received
symbol 1i-1 of the mobile station 1 and the received
symbol 1-2 of the mobile station 2 is set to be less

15 than or equal +to one-fourth of the chip 1length) so
as to coincide the received timings at the base
station. In other words, as the base station performs
the transmission timing control so that the received
timings from the mobile station 1 and from the mobile

20 station 2 coincide, a suppression of multiple-access
interference 1is enabled by setting the signals having
the same received +timing from the mcbile station 1
and from the mobile station 2 orthogonal when the
spreading codes applied to the mobile station 1 and

25 the mobille station 2 arxe orthogonal codes.

Furthermore, in +the wireless transmission
system according to the present embodiment, the mobile
station comprises a function of changing the scrambling
code multiplied to the spreading chip sequence. The

30 mobile station as described above, is configured, for
example, as in FIG. 38, having the chip—~ repetition
unit omitted as compared with the mobile station

according to the sixth embodiment as illustrated in



repetitions and the spreading factor based on the <controlling information
reported fromthe base station 20 in a case of applying chip repetition and
transmission timng control in an isolated cell environnent. FIG 39 is a
schematic di agram of an overall configuration of a wireless transm ssion
systemand a configuration of a nobile station according to the 25 present
enbodi nent. The controller 58 which is gp- el enent specific to the nobile
station 50 variably controls the nunber of chip repetitions and the
spreadi ng factor based on one of the controlling information indicating the

number of nobite sbat i ofifer#RRRI | & StALl 08,200 g8 Ehe: piesent Gxanle)
si mul taneously connected to the base station transmtted fromthe base

station 100 as an ext erAsal deappiret usbovhe eorbraing ngoi ntlor nwticehess
indicating th 61 .power of jinterference fraom suyroundi cells...and.the
control |ing i AFSFREIT O™ el CaT] ngCERE PTopasat FOR  THANMEl CareeIdts (for
exanpl e, the thebepbalemdtatiopatdisgoldr enspedcstical lof, the phdagess is
performed 5 according to -the flowhart as illustrated in FIG 40, Besides,
it is assuned EREtI NS CBRYTHIY ePYaldBditAg Y t RETPriesémeReRbott Ment has
al ready receivegidd oobnthe) base station 100 the controlling information
indicating the isolated cell environment. 10 Bel ow an operation of the
mobi | e station as desct beddhboverpsdgesetli bed, referring to the flowchart

N FG 40 (1) Acase gl jndigaldlo {Ne:0ughesaflentsi U LRAGOUBLY accessi ng
users 15 Besides, in FIG 40, the nunber of users and the nunber of nobile
st ati ons haveabdite same srawplrgy | fof Gof405enavigdl, theheinber fergtcat i on
10 signal from other mobile stations with a combined use
of the chip repetition and the transmission timing
control and in the seventh embodiment an exemplary
form of removing the interfering signal from other
mobile stations by applying the strict transmission
15 timing control are described, a wireless transmission
system according to the present embodiment comprises a
function of wvariably controlling the number of chip
repetitions and the spreading factor based on the
contrelling information reported f£rom the base station
20 in a case of applying chip repetition and transmission
‘timing contrel in an isolated cell environment.
FIG. 39 is a schematic diagram of an overall
configuration of a wireless transmission system and a
configuration of a2 mobile station according to the
25 present embodiment. The controller 58 which 18 an
element specific to the mobile station 50 wvariably
controls the number of chip repetitions and the
spreading factor based on one of the controlling
information indicating the number of mobile stations
30 (mobile station 200 in the present example)
simultaneously connected to the base station

transmitted from the base station 100 as an external

apparatus, the controlling information indicating the



recei ves the nunber of nobile stations within the isolated cel

si mul taneous |y-connected to the base 20 station so as to determ ne whet her
that nunber of .nobile stations exceeds a predeterm ned threshold val ue.
Moving on to S72 in a case that the nunber of nobile stations exceeds a
predeterm ned threshold value so as to be determ ned as -having a | arge
nunber of 25 sinmultaneously-accessing useis" (large in S71), the variable
controlling which increases the nunber of chip repetitions while decreasing
the spreading factor by an anount corresponding to the anmount of the

increase as desgribedr ahove ksrperd ormed. JuUrRLREIngWekdss i RN L0l at ed
cell environnent, with a large nunber of sinultaneously-accessing users,

t he nunber of cxsitmgllianeousifprastésri rigdisetsny s thedeofare@adney- domai n
ort hogonal so as reduce .mul ti ac sLnterference. -6 reby, high
C%afn%l%l glynae.\.tlolnts kgxd eg(%s{\%tl%é gthﬁern aned:, o% Frr%l%?

spectral usage 'efficCiency 1S ena noving on to S73
in a case thatpathke nundsy ebpetbbidasl 13t at tlows prscdes erimi neskcfaraiedt 0 exceed a

pr edet er m Eled threshold value (small in S71) ,Ht]e vari abl e control]ing which
decreases fhe 2GRAFHEPIof T ThiEper dpetichroh Vi | &1 Het S g’ hé 18pr et ng

factor by an gmuBksCori€spondidignied thest arBentcRfrbhe-deceasq: /s
descri bed above is perforned. In other words, in an isolated cell

environnent, tiwe theefdresenst sodipeatadesssalmady ereneevirecénes
relatively smal], wth.a saplLer 1rblbnbgﬁe Ofcfon%kgyi{r?]ig?ﬁwrﬁ@'gfo‘%ss' ng users-

Therefore, an increase 1n the spreading factor e es I nprovenent in the
interference iimuigktyngo @ t bsebdisalechl ghemvspeshewt. 1~ usage efficiency.

(2) A casgyin which thesgontrall i g JRfarmBe Qi rAme Bage: st ation
described above is described, referring to +the
flowchart in FIG. 40.

{1) A case of indicating the number of
simultaneously-accessing users

15 Besides, in FIG. 40, the number of users and
the number .of mobile stations have the same meaning.

In FIG. 40, in S71, the mobile station
recelves the number of mobile stations within the
isolated ;ell simultaneously-connected to the base

20 station so as to determine whether that number of
mobile stations exceeds a predetermined threshold value.
Moving on to S$72 in a case that the number of mobile
stations exceeds a predetermined threshold wvalue so as
to be determined as “having a large number of

25 simultaneously—accessing users” (large in §71),
the wvariable controlling which increases the number of
chip repetitions while decreasing the spreading factor
by an amount corresponding to the amount of the
increase as described above 1is performed. In other

30 words, in an isolated cell environment, with a large
number of simultaneously-accessing users, the numbexr of
simultaneously-accessing users 1is made frequency-domain

orthogonal so as to reduce multiple access-interference.



of interference fromthe surround3_ng cells In FIG 40, in SBlI, the nobile
station 20 receives the information indicating the power |evel of
interference fromsurrounding cells so as to determ ne whether that power

| evel of interference fromsurrounding cells exceeds a predeterm ned
threshol d value. Moving on to S82 in a 25 case that -the power of
interference fromsurrounding cLIls exgeeds a predeterm ned threshold val ue
(large in S81) , the variable controlling which decreases the nunber of
chip repetition while increasing the spreading factor by an anount

cor respondi ngydQrhe B0 RMuMLoE1t he decr sase-asicdesty | badoabgve is

performed. In other words, 'in an isolated cell environnent, with a larger
power of interference fOrorhsuretheni hgheel oyvingn dinckease3i M hé spreadi ng

factor increases the_:63.nei ghboring- l, ., in erence,_i Lty- r eby,
hi gher spect?%ﬁe UEESE e }fel cggﬁ%}ri %feﬁﬁ%hfléﬁ %%g{]hoé%gt gser rggeg%gwrrlr%%'ieng on
to S83 in a masetbhatxddwl pawesrafetieninenéer ahceshobin sulpeundinadl 5 cel | s

is determ_ned, ri 0 exceed a, predeterm ned, threshol d val ue (s | in S81)
the variabl e ”?:o%thﬁ)l'l i WXFEh&?Jchr §8§g}§°}ﬂ’é‘gﬂuﬁ§é?h oide(?ﬁﬁ‘bs‘g"? gggﬁi tions
whi | e decr easpi@dhecspraadi Nngepaes Bforbywiil e a@BUREaEDES espeNdi ng to the

amount of the increase as 10 descri bed above is enabled. In other words, in
an isol at ed TRIS2HEAG r HAFEPE , PAs The3BPFREt OFTPAPPRALH | Tomfhs pl e- access

interference igopedem Nl Wekbbe@se SHB! | spavBdevebof k8t efdarepea.from
surrounding cells, a reduction of nultiple-access interference is 15
enabl ed by selni @ghgrnumets of 18i rall t bgellsed ycatkessviingnmerster sthe

f r equencydongi . &7 t BRIQNA v; fRr eh¥e i Gh SRECHLAL. HsaGR£Tficiency is

enabl ed.
relatively small with a smaller number of

simultanecusly-accessing users. Therefore, an increase

in the spreading factor enables improvement in the

interference immunity so as to achieve higher spectral
15 usage efficiency.

(2) A case in which the controlling
information from the base station indicates the power
of interference from the surrxounding cells.

In ¥FIG. 40, in 581, the mobile station

20 receives the information indicating the
power level of interference from surrounding cells so
as +to determine whether that power level of
interference from surrounding cells exceeds a
predetermined threshold wvalue. Moving on to S82 in a

25 case that the power of interference from surrounding
cells exceeds a predetermined threshold wvalue (large in
S81), the wvariable controlling which decreases the
number of chip repetition while Jincreasing the
spreading factor by an amount corresponding to the

30 amount of the decrease as described above 1is performed.
In other words, in an isolated cell environment, with
a larger power of interference from surrounding cells,

an increase in the spreading factor increases the



(3) Acase in which the controlling information fromthe base station
i ndi cates the 20 propagati on channel conditions (such as the nunber of
multi-paths) In FIG 40, in S91, the nobile station receives the

information indicating the propagation channel conditions such as the

nunber of paths so as 25 to determ ne whether that nunber of paths exceeds a
predeterm ned threshold value. Mving onsto S92 in a case that the nunber

of paths exceeds a predeternm x~ed threshold value (large in S91) , the

vari abl e controlling which decreases the nunber of chip 30 repetitions while
i ncreasi ng t heesghpadimg-deAQt of nbyr sy en@BDUDIMGALyES BoRdbyg tieidhe anount  of

the decrease as described above is perforned. In other words, In an
i sol ated cel | SBRGEFBhmSEIoW ¢ i€ iCBFYe FunBBFPH#I~ 64 paths, an increase

the spreading factor enghl@s. ag+nobt 8j.RNg v iaky | Ber easeggyrulitipl e
interference imunity. On the other hand, noving on to S93 in a 5 case
that the nunbeesef tPuithsthe detern nledinderforanaeelrem psadeterdined

t hreshol d yal mall §n.S t he var i ahl ntrolli i.ch .i ncreases
nunber of ychgglégp%%if#%ﬁggéh??en&éc?%%s?ﬁgegﬁeE%p 5%9,5%g¥5§90r by an
anount correspandshgld o visheeanputtl 1of it he8ld, i nerecageraldescri bed above

performed. In other. words an isclated cell enviro

N t,,
of multiple- a588§§°H1Jfré?fé’Péhge RECERBES r 1S | VETREY anremcr%Wpt h a smal |

nunber of pat kepediteshuct wbn1ef dodvtebiphg- ateesspididamner eneed spenakl ed
setting a 15 nuirber of sinultaneously-accessing users frequency-donaia
ort hogonal - H&FEBY: HicfiFespertizy &Sage ef frerehcyli sthendbregase as

10 described above is enabled. In other words, in an
isolated cell environment, as the effect of intra-cell
multiple—-access interference 1is predominant with a
small power level o¢f interference from surrounding
cells, a reduction of multiple—access interference is

15 enabled by setting a number of simultanecusly-accessing
users frequency-domain orthogonal. Hereby, high spectral
usage efficiency is enabled.

(3) A case in which the controlling
information from the base station 1indicates the

20 propagation channel conditions (such as the nurber of
multi-paths)

In FIG. 40, in 891, the mobkile station
receives the information indicating the propagation
channel conditions such as the number of paths so as

25 to determine whether that number of paths exceeds a
predetermined threshold wvalue. Moving on to 892 in a
case that the number of paths exceeds a predetermined
threshold wvalue (large in $91), the wvariable
controlling which decreases the number of chip

30 repetitidns while increasing the spreading factor by an
amount corresponding to the amount of the decrease as
described above is performed. In other worxds, in an

isolated c¢ell environment, with a large number of

in

t he

is

as the effect

by



In the enbodi nent as descri bed above, while an exenplary aspect is
described in which the 20 respective sets of information indicating the cel
envi ronnment and of information indicating the nunber of wusers, the power of
interference fromsurrounding cells, and the propagation channel conditions
are individually received at the controller, it may of course conprise 25
an aspect such that the set of informatigpn indicating the nunber of users,
the power of interference from surrounding cells, and the propagation
channel condition is received when the set of information indicating the

cel | environmentnis neceiyedas30 {A nijat hyemedingentdc i lea8n.exepl ary

aspect of variably controlling the nunber of chi'p repetitions and the
spreadi ng factramindeofiolbid eistraedsad | muatiplse ohterbSrapy ying chip
repetition and transm ssion timng control in an isolated environnent is
described in %@ﬁ?n%fﬁhth enbodi nent, in the wreless transm ssion system
according to the presendn eifeodb st , hhhe , MayiggStat | 88 SSTPNMPHI SLS a
function of determ ning whether a strict transm_ssion timng control needs
to be appPi ed®edh3dn the B8WPFHI 195 gPEHEDrivat FBHETRIRGS el Fr & t he base

station regargkessy ofsy t Peedaidrimigeh! /HsQlabed 6Rlilue emyrhspl_nnﬁlats_c,sﬂaq FIG 41

is a schematic diagramof an overall configuration of a wireless
transm ssi on &9t eprdadla cUNTCdLLagi ohich alnfisdsesst B¢ oruBbeacedrding to

the mobi I o staton G0 Garar nob 18 \RSTRGr the Bt 1 P e raneh Saran timng
control needsbYo arbeapgerut edrbaspandmapnsoofthcheasetrst obLi nfler mat i on
i ndi Catiri% thz(?ngyerg)s?er %fs r@{)é)siclr%b%hatail?on\rse(E_Tgbipleez'\rformed. In other
words, in an isolated cell environment, as the effect
of multiple-access interference becomes relatively large
with a small number of paths, a reduction of
multiple-access interference 1is enabled by setting a
15 number of simultaneously-accessing users frequency~-domain
orthogonal. Hereby, high spectral usage efficiency 1is
enabled.
In the embodiment as described above, while
an exemplary aspect is described in which the
20 respective sets of information indicating the cell
environment and of information indicating the number of
users, the power of intexrference from surrounding cells,
and the propagation channel conditions are individually
received at the controller, it may of course comprise
25 an aspect such that the set of information indicating
the number of users, +the powef of interference from
surrounding cells, and the propagation channel
condition 1is received when the set of information
indicating the cell environment is received.
30 (& ninth embodiment)
While an exemplary aspect of variably
controlling the number of chip repetitions and <the

spreading factor at the mobile station in a case of



station 200 in the present exanple) sinmultaneously connected to the base
station transmtted fromthe 20 base station 100 as the external apparatus,
controlling information indicating the power of interference from .
surrounding cells, and controlling information indicating the propagation
channel condition (for exanple, the nunber of nulti-paths). Mre
specifically, 25 the process is perfornmgd_according to the flowchart as
illustrated in FIG 42. (1) A case in which the controlling information
fromthe base station indicates the nunber of sinultaneously-accessing

users 30 In Fé&lyﬁjm% | B 3] 0kepk e (O LEgStAld-QR: 58681 YeHihBe nunber of

nobi | e stations similtaneously- connected to the base station so as to
determ ne whetdigrolt han munmbesobitetbbihel seratandnsiexceedsihed 66n the

predet er mi ned_t¢ sh i or 5102 in a_.case that_ .the nunber
of nobile st a?%%h)r;\tgh e%@g%%{;}&%ec’p?/g%e&glrem Wt'elge]t Sg’es Ié)afndsmvlasl%ﬁé)nsos%lsstetmo be
determ ned ascddadiimyg wol ahge pusdzert oémisédimlehaneotlsd ymabtessisngtiousers”

(large in_S101) , .no strict transm ssign timn cqontrol is performed so
aftémc th ‘g

that the Same® “At3%n3 {hH8"r it Bt BEY EE pRr F9FHEE. 1 n ot her

words, with erddrgesivaberingihgusessirdinengédectoofbe PEpHRIEA NGalRE Stri ct
transm ssion timng control 10 di m nishes so as not to apply such

control ling. @h tUhe ofMErHAAEY rmoViafgashoro POZtRR £rofaskne h&@sehe nunber
of nobile stations.is ined.-nat .t £ ' t hreshol d
aé’&aOES‘xzb ) ::Q?%f‘c'ilrgé% of Nk %?i‘f:hec%lﬁ( Eégg‘?&a{c{ ”E%Eg

value (less in e conbi ned use o e relate and 15
the strict tremsmaggientsti m ng control is applied. In other words, with a

large nugper of users, ;e gTiect QLyBRLIQL MAGoBLLT Gl tLANYYS8IQN 1M NG

configuration of a wireless transmission system and a
configuration of a mobile station 60 according to the
present embodiment. The controller 68 which 1is an
element -specific to the mobile station 60 determines

15 whether the strict transmission timing contrecl needs to
be executed based on one of the sets of information
indicating the number of mobile stations (mobile
station 200 in the present example) simultaneously
connected to the base station transmitted from the

20 Dbase station 100 as the external apparatus, controlling
information indicating the power of interference from
surrounding cells, and controlling information
indicating the propagation channel condition (for
example, the number of multi-paths). More specifically,

25 the process 1is performed according to the flowchart as
illustrated in FIG. 42.

(1) A case in which the controlling
information from the base station indicates +the number
of simultaneously-accessing users

30 In FIG. 41, in S101, the mobile station
receilves the number of mobile stations simultaneously-
connected to the base station so as to determine

whether that number of mobile stations exceeds a



enhances so as to apply such controlling. (2) A case in which the
controlling 20 information fromthe base station indicates the power of
interference fromthe surrounding cells In FIG 41, in 5111, the nobile
station receives the information indicating the power |evel of

interference fromsurrounding cells so as to determ ne 25 whether that
power |evel of interference fromsurroungding cells exceeds a predeterm ned
threshold wvalue. Mowving on to S112 in a case that the power of

interference fromsurrounding cells exceeds a predeterm ned threshold val ue

(large in 51ld)sadiQrsdibeat SQ-ddr@nsm $siQn tighng, ceptral isgpperfpraed so as
to performthe related-art DS-CDVA operations. In other words, with a
| ar ge power ofaset &nkhér et PROPer sWir oueldikyy ebdtiong hexegddt aof

performng t i = trnansm ssion timng control .dim.nishes sp as riot
to apply su r%%e;\tte%r\llnig%g.t%lestkﬁzﬁot%aélru%aﬁ , ar?ov%%g B6n %{%tﬂjspeidlr)\ a case
that the powets ofhirtegf er edaegé r omrderr cahdishgul Sareehisiy-acdesermyned in

S111 not to exceed iredet erm ned threshold value (small in S111), the

conbi ned duse Si€the refEPRd-&r t S BEICDMRCartFHité stTARATL SEHQRs N ¥%ih ti ni ng

control is apghi®h) i AsOtSFMREES, so WithBra drar ggarp@ngeQLtimyggr ence from
surrounding 10 cells, the effect of performng strict transmssion -timng

control ~~nhaft®s r§éagsdta-appPyCBidh arconpenidumeg.. (B) Atbase Wardshich the
Cortrel Lot {PSELEPLLEL AmDe sl okndiaates dhe 19 propagat)on
t he nobil e stpgifmrming the striect transmission timing control

10 diminishes so as not to apply such controlling.

On the other hand, moving on to S$103 in a
case that the number of mdbile stations 1s determined
not to exceed a predetermined threshold value (less in
$101), the combined use of the related-art DS-CDMA and

15 the strict transmission timing control is applied.
In other words, with a large number of users, +the
effect of pexrforming strict transmission timing control
enhances so as to apply such controlling.
(2) A case in which the c¢ontreolling
20 information from the base station indicates the power
of interference from the surrounding cells
In FIG. 41, in S111, +the mobile station
receives the information indicating the power level of
interference from surrounding cells so as to determine
25 whether that power level of interference from
surrounding cells exceeds a predetermined threshold
value. Moving on to S§112 in a case that the power of
interference from surrounding cells exceeds a
predetermined threshold wvalue (large in S111), no strict
30 transmission timing control is performed so as to
perform the related-art DS-CDMA operations. In other

words, with a 1large power of interference f£from

surrounding cells, the effect of performing the strict



receives the information indicating the propagation channel conditions such
as the nunber of paths so as 20 to determ ne whether that nunber of paths
exceeds a predeterm ned threshold value- Mouving on to S122 in a case that
t he nunber of paths exceeds a predeterm ned threshold value (large in S121)
no strict transmssion timng control is performed so that the related-art

. 25 US- CDVA operations are perfornmed. |nre¢gt-her words, with a |arge nunber of
oaths, the effect of performng the strict transm ssion timng control

di m ni shes so as not to apply such controlling on the other hand, noving on

to S123 in a t2hEaseibhattidiegnuaherrafl pakhsidtesdeter msnefgot Nt§121 not to
exceed a predeterm ned threshold value (less in S121) the conbi ned use of
the rel at ed- ARPIDS- EBRA £i7FTrOhéi=Trict transmission timng control is

applied, In _68 other vprdse Wi 2 saBh! RAobiAberof cysangs the effect  of
performing strict transmssion tinmng control  @nhances SO as -to apply such

control | i ng. ¢as€¢ h&hsevetiteh modet hefei ghtdr femeode neimos: asur B wesog bed

above, whidle e | ary ect.s_are de | bed, i ich the determ nation of
whet her thc’e n%exlergr) o %:tgerrémflggl alrngeggiis?f‘gltl ?%\A%grg?%?msad at the .
control | er ofpitduetmbiinedst@idemhoitideyalive mMyyma&dNpLhsesllan ,aspest of

determ ning the nunber of users at the 0 base_station idg SO as,to report

such det er m neYPEEH t UED He Hobi FELaFadTon: AS~Heder ABEd v&tratkordi ng

to the ninth tmiARliRSs ol anSMirgsi Osn Syt e tdyp1rehi | errst athen weeakrol s the
nunber of chip repetitions and the 25 spreading factor in accordance with
such conditi ofisthase therdrinBeredf ofsekrtetifd ep6fert M | HeEFTErERGe from

surroundiing cellsy, apdet herguopagat banschamne! stHer€b%ransmission
timing control enhances so as to apply such
controlling.

(3) A case in which the controlling
information from the base station indicates the

15 propagation channel conditions (such as the number of
multi-paths)

In FIG. 41, in 8121, the mobile station
receives the information indicating the propagation
channel conditions such as the number of paths so as

20 to determine whether that number of paths exceeds a
predetermined threshold wvalue. Moving on to 8122 in a
case that the number of paths exceeds a predetermined
threshold wvalue (large in 8121), no strict +transmission
timing control is performed so that the related-art

25 DS-CDMA operations are performed. In other words, with
a large number of paths, the effect of performing the
strict transmission timing c¢ontrol diminishes so as not
to apply such controlling.

On the other hand, moving on to 35123 in a

30 case that the number of paths is determined in 8121
not to exceed a predetermined thresheld wvalue (less in
§121), the combined use of the reiated—art DS-CDMA and

the strict transmission timing control is applied. In



the nobile station enables suppressing interference to a mninmmlevel so
as to inprove as a result the 20 spectral usage efficiency. (A tenth

enbodi ment) In the wirel ess transm ssion system according to the present
enbodi nent, the nobile station conprises a function of switching the
operational nodes based on 25 the cell environnment reported fromthe base
Station. (An operational node 1) Multi-ggll environnment: DS-CDMA |sol ated
cell environnent: Based on DS-CDMA, the transmitter applies chip repetition
and |l oose 30 '"transm ssion timng control, while the receiver renoves the

Onn st ation nykhbrpaidiasi, gnadl ty aapphaliingntdieer maket iwoatd) | ther ferenee
cancel ler, the chip equalizer, and the frequency-domain equalizer as
illustrated i A 6%THCGEMIRG t FrGuth EF&smesiCmn ng i 6AAF Mode 2)

Mul ti-cell enyhfonREANt, edon t spi;tter applies strict
YhhORRENt < Based 4 %R%%QD% IRehan Ay

ch
transm ssion timng 5 control an e cell-specific sCranbling code
| sol ated cell environnmeht: tBaseskewrnidS- €DVA thet heightdnsaibe@inerps i @s chip

repet _~tion and loose., transm ssi.on timn ontrol, while the receiver
removes the OW Cg?%??oﬁ MiFt | %bltqﬁ s?@ﬂﬁ%ﬁ apPrST Ty £hE f%sr?ﬁll |e¥path
interference ganceiiddr, thbe epnagualozens askidie thequengyrdaymi n

equalizer as illustrated in FIG 44 through FIG 46. (An operational nbde
3) Milti-cell U8RVFr orimehETIBaSEd P Bs- eBMEerirsmere 3t afBRitter applies

strict trans rﬁc%ﬁic?é‘liélm g ©ant kebiand dtheiegl IsisReci {1 cqser %’&ﬁﬂﬂgsémde-
| sol ated cell environnment: Based on DS- ,
an aspect of determining the number of users at the
10 base station side so as to report such determined
result to the mobile station.

As described above, according to the ninth
wireless transmission system, the moblile station
controls the number of chip repetitions and the

15 spreading factor in accordance with such conditions as
the number of users, the power of intexference from
surrounding cells, and the propagation channel. Hereby,
the mobile station enables suppressing interference to
a minimum level so as to improve as a result the

20 spectral vusage efficiency.

(A tenth embodiment)

In the wireless transmission system according
to the present embodiment, the mobile station comprises
a function of switching the operational modes based on

25 the cell environment reported from +the base station.

(An operational mode 1)

Multi-cell environment: DS-CDMA

Isolated cell environment: Based on DS-CDMA,
the transmitter applies chip repetition and loose

30 transmission timing control, while the receiver removes
the own station multi-path signal by applying the
multi-path interference canceller, the chip equalizer,

and the frequency-domain eqgualizer as illustrated in



the transmtter applies strict transmssion timng control and the
cell-specific scranbling code. 20 (An operational node 4) Milti-cel
environment: DS-CDVA |solated cell environment: Based on DS-CDVA, the
transmitter applies strict transmssion timng control and the
cell-specific scranmbling code. 25 As described above, using the wireless
transm ssion system according to the tergdr enbodi nent, the nobile station
uses the controlling information indicating the cell environnments as
descri bed above to switch the operational nodes based on the cell 30
environnment . Feseby4 therdmdy | BISt atzison enables an effir-ient reduction of
interference so as to inprove the spectral usage efficiency. (A variation)
-70 Wh.ile the above entfBdi ARR¥3LERISEr i Bede ~2¢ forms of controlling the

-transm ssion timngs gjulttlg_gceﬁarbqﬂjitrto' g5l gpaksgqatod ekl e stations so

as to set the received tinings at the base station coincide 5 anong the
nmobi | e statiohse threnpmatent appéntsorstwogltd treotsménbyohe diminged to t he

above enbaqdi nent but .also ma onpri. a varli of variations.

Furt her nore iﬁo?ﬁreoke?ﬁgr K env?:%(l)g_ T Hail tscrtaér%éFgriﬁf{edn denand
(referred to as an ad- lts»1k@edet vl 1K) envifonase Bdsed t enmpsdcoirand a
termnal B having a small propagation delay tinme difference so as to be
enabled to cogh%ni éFémHFF%Etﬁngﬁﬁé B nBFPSA L Fele| &°PF&nsmi ssi on

timng controtrhéidMmidnont iy therhase §haléORnS0 AScdOrdreppédotdie
transm ssion 15 timng control 1 nformation as described above by this
ternmnal A cofffBni®at i R W PHETI B EMafiB2 HePBEDhyEPPYREIbase st ation i s

enabl ed am on§5t 0B t PEterference canceller, the chip equalizer,
and the frequency-domain equalizer as illustrated in
FIG. 44 through FIG. 46.
(An operational mode 3)
Multi-cell environment: Based on DS—-CDMA,

15 the transmitter applies strict transmission timing

control and the cell-specific scrambling code.
Isolated cell environment: Based on DS-CDMA,
the transmitter applies strict transmission timing
control and the cell-specific sgcrambling code.

20 (An operational mode 4)

Multi-cell environment: DS-CDMA

Isolated cell environment: Based on DS-CDMA,
the transmitter applies strict transmission timing
control and the cell-specific scrambling code.

25 As described above, using the wireless
transmission system according to the tenth embodiment,
the mobile station wuses the controlling information
indicating the cell environments as described above to
switch the operational modes based on the cell

30 environment. Hereby, the mobile station enables an
efficient reduction of interference so as to improve
the spectral usage efficiency.

(A variation)



process of transmtting a controlling signal to a nobile station

nei ghboring a nobile station to be a 20 target of transm ssion -timng
control so as to efficiently utilize the wireless resources. The present
application is based on Japanese Priority Patent Application No. 2003 196748
filed July 14, 2003, wth the Japanese Patent 25 office, the entire
contents of which are hereby incorporgteed by reference. -71 WHAT | S CLAI MED
IS: 5 1. Anobile station for wirelessly transmtting to a base station by
DS- CDVA a signal which is spread by multiplying a spreadi ng code,
conprising: a pilot-skgnak tfensabbienEnivadimeft £hdeattepe Kherul ti pl exi ng
to a transmtting signal a pilot signal having. K known anplitude and phase,
performs saifPrEms p°Feﬁ%¥Wﬁ?P5h?ng5 Y@ 2brggemission timings of the

transmitting signals at the mobile stations so as to
set the received timings at the base station coincide
5 among the mobile stations, the present invention would
not only be limited to the above embodiments, but
also may comprise a variety of variations.
Furthermore in the network environment built
temporarily on demand (referred to as an ad-hoc
10 network), in a case of a terminal A and a terminal B
having a small propagation delay time difference so as
to be enabled tTo communicate directly, the terminal A
receives a transmission timing control information from
the base station so as to report the <transmission
15 timing control information as described above by this
terminal A communicating with the terminal B. Hereby,
the Dbase station is enabled an omission of the
process of transmitting a controlling signal to a
mobile station neighboring a mobile station to be a
20 target of transmission timing control so as to
efficiently utilize the wireless resources.
The present application is based on
Japanese Priority Patent Application WNo. 2003~
196748 filed July 14, 2003, with the Japanese Patent
25 Office, the entire contents of which are hereby

incorporated by reference.
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WHAT IS CLAIMED IS:

1. A mobile station for wirelessly transmitting
to a base station by DS-CDMA a signal which is spread by
multiplying a spreading code, comprising:

a pilot-signal transmitting wunit which, after
multiplexing to a transmitting signal a pilot signal having

known amplitude and phase, performs said chip repetition.





