-1- TITLE OF THE | NVENTI ON MOBI LE STATI ON, BASE STATI ON, AND PROGRAM FOR
AND METHOD OF W RELESS TRANSM SSI ON 5 BACKGROUND OF THE I NVENTION 1. Field
of the Invention The present invention generally relates to a technol ogy
for wireless transm ssion, and particularly relates to a nobile station, a
base 10 station, and a progran1for and a nethod of wireless transm ssion.
2. Description of the Rel ated Art The deVel opment of a fourth-generation
nobil e comuni cations nmethod, which is the next- generation 15 nobile
conmuni cat i ons _net hod bﬁgond | MT-2000 (International Mbile

Tel ecommuni caftd underway. A fourth- generation nmobi | e

pommn! cations rret hod (%@f(LE,bl ¥Tﬁf rt lBagE a#lg cel qu:tOR

including a cellular system as We as an’i so cel Fb\enw ronment such
as a hot - spot ADeaMEFRCIANOY | MIGELESAVI TRRNEBMIISSIONAS 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 ourt h- gengr atheRGROVED eoc aprunieatiromg Which is applied to a link froma
nobile station to a base station referred to as an uplink below), DS-CDVA
(Direct Sequence-Code Bivikd¥sh aMultheplBvaREEYs) is considered to be

prom sing fromthe poi ngyof yése%%lg hatehtibs g")@nél:aarl.l'ycﬂe?&asr s\ table for the

cellular system DS-CDVA multi es to a transmtting sign a spreadi ng
code so as toaspteeshhelkray mfdebandeéegaaﬁuﬁmwnussaqsnlsgdon (refer to

bel OWidentifip%%t%@ﬂiggifmrelates to a mobile station, a base

10 station, and a program for and a method of wireless
transmission.
2. Description of the Related Art
The development of a fourth-generation mobile
communications method, which is the next- generation
15 mobile communications method beyond IMT-2000
. (International 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 area 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 moblle communications which is applied
to a link from a mobile station to a base station
(referred to as an uplink Dbelow), DS-CDMA (Direct
Sequence—-Code Division Multiple Access) 1is considered
to be promising from the point of view 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 forx

transmission (refer +to below-identified Non-Patent



-2- 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 Miultiple Access) is enabled. Therefore, it
is easy to inplenent a reduced power coAsunption which is one of the

i mportant desired conditions for the nobile station. Second, while there is
potential for a reduction in a required transmtting power by a 15

coher ent - det ePPFBRERE| g dEBF c&SFPHR) ot channel s, assuming that power

level s of the pilot chappgls,areniheysamn DS CROMA, ti t uch met hods
as OFDM and MC- COMA has a (?%r g;%r api | ot - chan% powe%ﬁ%%r fégr r{f%e?

Theref ore, anradtiraekl clravisbnpstht namicdndsngashieo @€l lsuippr esgstdre required
transmtting %%\éerd%\%:e’% | ow Jevel is enabled. Third, in the multi-cell

envi ronnent, even bl?éji ng"cAfriers havi ng the sane frequency in

nei ghboring cells, DS CEMAsenakl esugpSedidic@sséOn the ASedintterbopeage fromthe
nei ghboring cells (referred to as -other-cel|l interference" below) due to a
spreading gaPRYEBt BiHe® byCsi ea8FngeVider B3 At veanteasdy wisplasfent ation of
one-cell frequepeysr guseehi ¢hingl loc ablmayal labl g spectral-cbands to
the 30 respective gells fg ena%?%dé'ﬁ%ﬁ%ﬁore, relgtive to QT%W%F(Tine

Di vi si on Ml t ispick AzeeSSPMwh|@tthdigrndés Ritdqueaexi |Bbtisiopectral bands so as

to allocate dil"lﬁzfl%g.sﬂéxing) and MC—-CDMA (Multi-Carrier-Code Division
10 Multiple Access) is enabled. Therefore, it is 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 power 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 <ransmitting power to a low level
is enabled.

Third, 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 bands so as to allocate different

spectral bands to the respective cells, an increase in



spectral bands to the respective cells, an increase in -3- the spectral
usage efficiency is enabled. However, as DS-CDVA is a W rel ess access

nmet hod suitable in the nmulti-cell environnment, there is a problem as
descri bed bel ow as a cause for concern. 5 In other words, in the isolated
cell environnent such as the hot spot area and the indoor environment in
whi ch an effect of other-cell interferente is usually small, the advantage
of reducing other-cell interference by spreading is low Therefore, in
DS-CDVA, 10 a |l arge nunber of signals of sinultaneously accessing nobile
stati ons needthe bﬁxada@mmmmﬁgaiéﬁfbmﬁaﬂatoiaaGMEBWedthe sanme | evel of

spectral usage efficien i g exanpl e,. en the respective
nobi | e 15 stations trang%ﬁvetr'ang % L M‘él grral V\ﬁﬁsﬁuqucﬁﬁsed
spreadi ng codgstMbdh sspreading f aghor n@ﬁt&ceibeenw@a&ﬁ@é@' ORndad a siat e
becones 1/ SF so that with DS- CDMA there is a need to acconmodate the

si gnal s from aSPPFRibige 3% atdesAsibad omgdpWt Esachi eGﬁeJStehef@amOheeeh 20 of
spectr al a ef n T ac el ess
P usagenefdiel.e \%’ré? EF(A% }"ﬁ%ﬁﬁtécpe@ 11 %5 Eeﬁ@ék

propagati on environmnent, ccess (MAI) in
whi ch the sigealthdr bm:t haeportesaneeal wednodrd emd@mi OaSvirdSIIt.rﬁd.fIﬁEr enw th one
anot her due to_di ferenc in 2? co d|t|o ation fromthe

he®

respective moBPFE séinatF %Cfto J(Fr%re((’l'ES ePRRt dfceUSYiidyagat i on

del ay tine, ckaage, ofther opagaid=er Cbﬁn&ehhcbﬁ@omaerpe@ﬂpm nant. As a
result, the spectral usage efficiency normalized by the spreading factor as
descri bed abovBtSHIPESHCRIBE] SPE3RBE 26 36°Ber ABRFSLEFE t héTot PETC¥End,

| FDVA (I nierl gavegdrge number of signals of simultaneously accessing
mobile stations need to be accommodated in order to
achieve the same level 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 rate becomes 1/SF so that with DS-
CDMA there 1is a need to accommodate the signals from
SF mobile stations in order to achieve the same level
20 of spectral usage efficiency as TDMA. However, in an
actual uplink 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 propagation from the respective mobile
stations to the base station (for instance, propagation
delay time, change of propagation channel) Dbecomes
predominant. As a result, the spectral usage 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) 1is being studied as

a wireless access method which enables a reduction of



Frequency Division Miltiple Access) is being studied as a wrel ess access
nmet hod whi ch enabl es a reduction of -4- the MAI as described above (for
exanple, refer to belowidentified Non-Patent 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 nmultiply a nobile station-specific
phase to a transmtting signal for trangsai ssion. |FDVA reduces the MAI as
the generation of the predetermined synbol pattern and the multiplying of
the nobile station-specific phase set the signals fromthe 10 respective
mobi | e stati onhto N¥I assanfesttrdbetiheabdvrequeney exempll t heifleroves | appi ng one
anot her. Furggirm)r a study of a transpission tim n%control as anot her

net hod of red Hﬁ_égé’ﬁt o NP SR pPBT e He dpect SHRLIAT i ci ency

i s undervway 45 {$oexaepbei i elgotoabglagwi%%ilfi@ Ngn-{Rat ent Docunent
3) FIG 43A and G 431B are diagrans which respectively illustrate tine
charts for a B&5SECEHR SppPYFHRT atPr agrmREEiconat inredgtevnined isymanlupl i nk

and for a cas t l yin ontr or_di [0 £ r d art.
po i 11 ust ra ol kePl, ARECE I hIHIBIETR T BopfeelRalioh p it (PN
control is nab appluredsmiheisy gsdbsalr aftem trensiissbonhe IARSpecti ve

recei vers 200 through 220 e non-. coincident recejved timngs at, the base
station 100 degﬂge?o %ﬁe Qﬁ{f &Sentige IR PSR oP%prUb%\gnga%t?’amq base
station 100. Ihepeforgattkrnh iMe thansfhssiOR inki MMIrEONHPilet he

transmtting timngs of the respective nobile stations 200 through 220 are
control | ed soStRALORhEPERLSECt PhesSsi §ifdl sthe afdaneted £30™f ridifi t he respective

mobil e stafiongs2ROtiPEOWHRi1220 station to be arranged on the

frequency axis without overlapping one another.
Furthermore, a study of a transmission timing
control as another method of reducing such MAI so as
to improve the spectral usage efficiency is underway
15 (for example, refer +to below-identified Non-Patent
Document 3). FIG. 43A and FIG. 43B are diagrams which
respectively 1illustrate +time charts for a case of
applying a transmission +timing control in an uplink
and for a case of not applying such control according
20 to the related art. As illustrated in the case 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
300 from the respective mobile stations 200 through 220
are received at the same timing at the base station
100. Such performing of transmission timing control

enables reception of signals at the base station 100



——are received at the same timng at the base station 100. Such perform ng of
transm ssion timng control enables reception of signals at the base
station 100 -5- fromthe respective nobile stations 200 through 220 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, inprovenent in the spectral->-usage efficiency is enabl ed.
Furthernore, a study of a technol ogy which suppresses, for a received
signal affected by nulti- 10 path interference, nmulti-path interference by
si gnal processfrgn atheheresmreitior ihidder sieytiohsnul @0 - gatrbughnt220f eaence
cancel ler (for_exanmple, refer to_bel ow identjfied n- Pat ent cunent 4) as
Tl st rated | aoang, LE] ot o, T doBnad Perly B9 oo 15
i dentified Nontfad enttRegUNBNt Bheasad | kystidimfd £BdE! GthedSredid R
frequency-domai n equal i zer (for exanple, refer to be[owtidentified
Non- Pat ent Docth@mls) faem jtheusEibieEntn Frepede var anelipeesehbbionge
exampl es. Ehe gl o pat buderLerenaansansel | af 20has shbinstraledoin FIG 44
estimates and generates at multi-path Interference signal estinmator 351 a
signal conponent redusengthmil MAIpatHeriebyer fiswpeovengnef ey eth¢ 0 spestaal
mul ti-path replica be%gm%.and subtracgé_the estimated nulti-path
interference r&pt9taaS aaEery béd B 34S¥e from a received signal. Hereby, a
reproduction of a receimettisirgnak, havi sgudy r educed teghhoidmt hwhiibher f er ence
effect is enabl ed. The 'chigFe ual i zer as illustra%%d in FIG 45 generates

at a channel - nRtPY5C S er af 1°8CThithefional afiected by multi=

10 path interference, multi-path interference by signal

processing at the receiver 1is underway. 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 Dbelow-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 to
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 1is 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 to
" derive from the matrix at a weighting factor estimator

362 a weighting factor which reduces multi-path



30 matri x which shows the anobunt of change through a propagati on channel of
a received signal so as to derive fromthe matrix at a weighting factor
estimator 362 a weighting factor which reduces nmulti-path -6- interference
fromthe matrix and to multiply at the <chip equalizer 363 the weighting
factor as described above and the received signal (this operation is
referred to as an chip equalization)- Heteby, a 5 reduction of an effect of
multi-path interference is enabled. The frequency-donain equalizer as
illustrated in FIG 46 converts a received signal at a tine-to- frequency
converter 371inntofarémeguénoy- ddveni masrpnakndl ts0 asltbpihenmtdetieve at a

wei ghti ng-factor estimator 3 a i ght.i factor which reduces | ti-path
i nterference, Cgﬁa t ] ygét Fﬁg 3?%@3&&89- 9T %ﬁuzgleﬁféib%g:s a
wei ghting fackebvbo ddie treeierdivbReaepey- dopmid shepatisP ag to convert

to the time 15 dommin at the frequency-to-tine converter 374. The
perform ng of r&GERTBPertat | dhs FnabhEe sauediueabpof- Hpeelyfedt of

mul ti-pathsi n&%ﬁﬁ@%?ﬁgﬁgfygﬁP%%@Etm&'nﬁﬂit%—sﬂ_ét}f‘t %@ép'fer%ce/*bfé a, and M

Sawahashi, 20 "Broad et wrel ess access appropriate tor high- speed
and hi gh- capaenepledir oughput, " | EEE VTC2001- Spring, pp. 566-5?0, May 2001
now i deband mul 11 pl o- abBEs < TEHERE! THIm U RIPE NEBT] € conpil CATEn
systens, " Eurapeanids a6 con@ariel ecorsudivdETEignd®l at0, aNaimé-top. 417-427,
frequency converter 371 into a freguency-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 received
frequency—-domain signal so as to convert to the time
15 domain at the freguency-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 VTC200l-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), Vo0l.10, No. 4, pp. 417-427,
July/Aug. 1998

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.



July/ Aug. 1999 30 Non-Patent Docunment 3 Een-Kee Hong, Seung-Hoon Hwang, and
Keum Chan Whang, "Synchronous transm ssion technique for the reverse link
in DS-CDVA terrestrial nobile systens,"” pp. -7- 1632-1635, Vol. 46, No. 11,

| EEE Trans. on Conmun., Nov., 1999 Non-Patent Docunent 4 Kenichi Hi guchi,
Aki hiro Fujinmura, and Manoru 5 Sawahashi, "Milti-path Interference

Cancel l er for Hi gh- Speed Packet Transni+3sion Wth Adaptive Mdul ati on and
Codi ng Schene in WCDVA Forward Link," |EEE Sel ected Area Communicati ons,
Vol . 20, No. 2, Feb. 2002 Non-Patent Docunment 5 10 A. Klein, "Data detection
al gorithns spelc63§t-ﬂ§35de§40g}ned4$ or Nehe downEERK Gfra€BVA erbbCbemuradi o
systens", in li\’{ ] VTC 97, pp_ 203- 207, may 1997 Non- Pat ent Docunent 6
15 D_ Fal coner, Vgl AFlyaV| S|takul A. Benyani n- Seeyar, and B. Eidson,
"Frequency donaln equaINaaLPQﬂanfODosmﬂghg qarrler br oadband wirel ess
systens", |EEE Commun._Mag.,. Vol. 40, No. pp. 58-66, Apr. 2002. However,
because there is no spr88BiAgt g&LAUCDD, | ﬁ‘kllPDMA B imgirpec esdar Yamarwi vi de
al | avail abl e 5.5R865ha! u;i%lsBaE‘ﬁ togbroral S debhes ey SREgt fly, _bands to
the respective cells. Therefore, even when opt1ng suc Wi el es access-
met hod, it is S@IefGﬁI cka ¢kett o Tsemkniss lomc rieade RdaphevespeflodHMtusagand

A e Mg LI RS TR I AR r@w. crErky Sefertatos the

nunber of nobidreast@drmmnsications, Vol. 20, No. 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 1597

Non—-Patent Document 6

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

Commun. Mag., Vol. 40, No. 4, pp. 58-66, Apr. 2002.
However, because there 1is no -spreading gain
20 in IFDMA, it is 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 is difficult
to seek an increase in 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



whi ch can be accommpdated in the base station at the respective cells so as
to achi eve an increased 30 conmuni cations-link capacity. Furthernore, as the
rel ated-art technol ogies as described above are technol ogi es concerni ng
single elenments within a wreless transm ssion system in -B- order to
actually build a wireless transm ssion system a study on a specific
configuration of a base station and a mfbile station as well as on an
overall configuration and also on a specific controlling nethod 5 of these
si ngl e-el enent technol ogies is needed. However, as a sufficient study
concer ni ng t heep@Emt so ascesdiybashidhbve hdxeletsbegrenspestbonedyisaenat e,
there is a demand f a specific conflguratlon of a base station and a

nobi | e stati orf sfﬁgéumlﬂ GPEHE HONVERE (TR LPE PlgeRe@SSobF BREISF t he

present invendddnat Gnd¥iad dg+at Wi e|a§53wélrla”§§‘ SH OBn JIRRLLE station, a

base station, a programfor, and a nethod 15 of a wireless transm ssion that

substanti al | y ehiigteatspe (ﬁndfmﬁésm ol etrs sewgsddchycamigol L g ameghsdand

di sadvant ages of thesLelats et_Le L. | |tgfr§1 ﬁioc%)fgs Q.Lrob g@ fps descri bed

above, it is a nore parti ui%ar 6b | ect £ resen I ivention to

provi de a nobile stati orhlowaevlaase maal osrufflaclpnogrsatmdyor and a nethod of a

W rel ess transn155|on q} achle es an incre sgg ggaC|
% a

f
conmuni cati ons=° enrl?linﬁ bo E’&lf’ anAS offent €T %‘éaoé'i?o ePFoR

conducting Corﬁiﬁﬂ"ﬂdlmbdonﬁo byiaBe-, COMRerFULS her NBERand he&o25 Hr egepiridiventi on

relates to a nobile station, a base station, a programfor, and a nethod of
a wirel ess configuration 'of a base station and a mobile station.

10
SUMMARY OF THE INVENTION

It is 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 a wireless +transmission that substantially obviate
' one or more prcblems caused by the limitations and
disadvantages of +the related art.

In light of the problems as described above,
it is a more particular object of 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 c¢apacity is achieved by

30 one-cell reuse.

According to the invention, a mobile
station which wirelessly <transmits to a base station

by DS-CDMA a signal which 1s spread by multiplying a



transm ssi on whi ch achi eves i nprovenent in the spectral usage efficiency,
for exanple, in an isolated cell environnent as the increased capacity is
achieved by 30 one-cell reuse. According to the invention, a nobile station
which wirelessly transmts to a base station by DS-CDVA a signal which is
spread by nultiplying a -9- spreading code includes a chip-pattern
generating unit which generates a predederm ned chip pattern by perform ng
a chip repetition for a predeterm ned nunber of repetitions to a spreading
chip sequence, and a 5 nultiplying unit which nultiplies to a signal
including theppesdei@r rdceied Ghtpu@ed t er n cipebatsegenefeatedt byg tieit
generating unit & a phase specific to the nobile station. A nobile station in

an enbodi ment "BfEhe LENFIRIET i 0F enRPPESTE M AFECt i 6APn tPaRs®AR ti Ry

signals int eE_E?EBPzQizY@t B ong RNeLPEt i+ Ash t BEr f L aYElEY SREGEHUNBRfer t he
respective nobile stations are frequency-domain orthogonal even in a case
of multiple nobil gepeaitdmes stqula arsasAdingonabipi ngeweendss sand base

station. ch o] |.t i pl e-ac. i nt erference.increases the
spectral EgaggagFéﬁg?%%%yGP%EaQHP§%Ia1%§8§§$%seﬁ%fr8n§%‘ &l nlﬁﬁf% 5h

ef fect of suchhent prédeesrririedl daMipanpastens thicachiieveganeracseased | i nk
capacity. As a result, when conmunicating by DS-CDVA, an applyi ng of
one-cel | frequBficy 920°Fa6LRI usPiyt onfy BRFERIFRRFHOC usthg p P §tion
and also an appkybpg of chip repetition in an isolated cell environnment
enabl es an inplenmentation of an increased link capacity in both cel

envi ronnents. Accordi ng 2 o"8RétReftasivect inf apheenrAdmensn, oL 24hg nobil e

station wy chiwiegkess!y dANYY 1Sal - RA98n 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

15 reduction of multiple-access interference 1increases the

spectral usage efficiency in an isclated 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 isolated cell

environment enables an implementation of an increased link

capacity in both cell environments.

Accoxding to another aspect of the invention,

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 base station among timings of
receiving from mobile stations approaches zero.

A mobile station according to an embodiment

of the 1invention enables an increased link capacity



station by DS-CDVA a signal which is spread by nmultiplying a spreadi ng code
i ncludes a high-precision transmssion timng control unit which controls
transmtting timngs of transmtting signals so that a 30 tinme difference at
the base station anong timngs of receiving fromnobile stations approaches
zero. A nobile station according to an enbodi nent of the invention enables
an increased |link capacity -10- without_hgving to set at the nmobile station
individual wreless interfaces for the respective cell environnents by
setting the wireless paraneters of the spreading factor of the spreading

code and the pYRREHLOMALNNE repetiat Qttoch% Crﬁ?&lglﬁe nbg%rﬂ{:? s mMres v BE %l on

spreadi ng factor of the spreading code an repe
may be vari abbjretessr ohtedfarasedoan taese:Espéc‘cm‘é razd 1l rea@vh_lﬁfbﬁ:dhﬁﬁti ay from a
source exter nal %o thﬁ nobi | e stations s(;&ﬁhe base  stations and the

P SR

net wor ks whi cRStHie"Ho Fewé’fﬁjt?%?nspaa?aé“el n§Preadimdi Facmi%on is

enabl ed an apphyi ngrehdong- eshb fah@qunw&e o a&%@mlao etding of
t he opti nal factor and the nunber of chip repetitions |ch t ake

readi n
i nto accouht §géﬁg@ffgéf§h%1§“qlﬁe reWuCTHIHRIGRIVARCEYT  ef| ﬁhﬁeperﬁ@dmg An
increase int S fi n o] n creased
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link capacity is enabled. r nor e, swt | 1"=Speci

user- specifi costrabbed r‘igamyﬁ@sl aarse tholfi Icenstallmu} &pﬁ@lrfnatlpﬂnasleom a
sequences bas th |nf rnatlo fron1the exter urce is
enabl ed. The gg%@?r eg&%ﬁnae efPi & gnéT;‘/ | Zﬁtagﬁ%’lsea‘s% a?st O%Wﬁﬁant an
i ncreased capamatyonﬁ\cmﬁdlm t etwietiber wAspecithel ndid lenvetdtiiohs ardase

station ch is enabled t nicate with a _nobile station includes a
control | :Aﬂ&g i ﬁPBPﬁﬁ?f‘%‘?ﬁ) Y %gmt PR AT i suiPehied A1 AR Y5t RE PRBT | e

station cell frequency reuse in DS-CDMA and a setting of the optimal
spreading factor and the number of chip repetitions which
take into account such effects as the reduction of MAI by
chip repetition. An increase in +the spectral wusage
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 enabled. The spectral usage efficiency is

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 1is transmitted from the mobile station,
based on the set of controlling information, via a

variably-controlling process of a spreading factor and



25 as a set of controlling information, an information set indicating an
environnent of a cell which is resided by the nobile 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 transmtted fromthe
nobi |l e station, based on the set of controlling information, via a

vari ably-controlling process of a spreading factor and -11- the nunber of
chip repetitions. A base station in an enbodi nent of the invention enables

a receiving ofcheonftritbéd Ngti NdrapTALESE: 1 filHy.t he base station or the network
connecting to the base 5 station so as to variably control the spreading
factor and the nunber &f &S repBriidronsibasad oremiesligentr oldf ngthe

i nfor mati on. - Fyrihespnr e orbiecbase ALLAAS S enahladad 1 nbeasieLind L, Lhe

transmtting signals fromt nobi l e statrons ave“undergone
vari abl y- cont riglom ripe bser stasion Agcahgi ngtivorknotirerctdsgett thet hase

i nvention,. a prqgramfor w.reless ansm Ssi.o i npl enents' _in.a nobile
station whtch %a(r%g‘fjgss?f)y 3Fr &fs F‘ﬁa&aﬁgy aCPAEEL rs]ti}bet :?&Feg?lﬁg EtviC R %’b(?eadi ng
signal nultiplied bymigerl Sospr@agi ngepeade d oasChijzdgatder ehgeranhabngisgnction

of generating a predeterm ned chip pattern by performng a chip repetition
for a predet erifeBakiifber FOFtheERRY®t i 38 toA%e spEeBEhgliehignaddgdente, and

a mitiplyingdasncingh of Mild | REXhGRLECA, 51086180 $06 UhR0 hBB:1e
predeterm ned chip paftern ich 1s generate y the chip-pattern
gener ati ng furciatdena phask spwes f ivndergone nohel evatiblyrcoAtppbdgiman f or
W reless £6an%rrrioscseisgp in an
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 numpber 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 by 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 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
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-



enbodi nent of the invention enables a reduction in 25 transmtting signals
interfering wwth one another as the frequency spectruns of the respective
nobil e stations are frequency-donain orthogonal even in a case of nmultiple
nobi |l e stations sinultaneously connecting to the sane base station. Such
reduction of multiple-access interference 30 increases the spectral usage
efficiency in an isolated cell environogat in which an effect of such
interference is domnant so as to achieve an increased |ink capacity. As a
result, when comuni cating by DS-CDVA, an applying of one -12- cel

frequency reuse,ysifeQhky SHIRA Nk Bl USndseilurenald thong andigl so an

applying of chip repetitions in an 1scolated cell environnent enables an

i npl enent at i orepktahionncardsalss i ak apphacing dfn didph regelkithwis oimeants. 5
Accordi ng to another ,aspect of .the inventio a_met hod of, wi.reles

trans S9i on, AASPEFA 5 otobi T S80aE bn SUAPLE vePerEBLFSANION (& (¥ a base
station by D$ncbbAsadslimalcapaicihtyl snspseaddly eHbiiphddiig .a spreadi ng
code, includes a chip-pattern generating step 10 of generating a )

predet er mified chip patt e*FFIRAINger £6r MIRFIRETChRPPeEhelLt | Uit f dRvgntion,

predet er m ned jnu& o507 JFepPelithQas tQran AN GRlRSFAUENCRL AW 2
mul tiplying step of multiplying to a signal 1 ncluding the predeterm ned

chip pattern wtiaghohs yhhehatetdrdieskiyt hargoamits i ntp steep basghassasperific
to th bi | takl PR A f w.rel t ] SSi [ .enbodi t
0 the nobil ey, BISL@?%AS aamtsggg?ﬁ? Widh €33 %ﬁx{%@n?go%ﬁlﬂcﬁlﬁxﬁ% ogll men

of the invention ena reddction in trans i gnal's e?fering
W th one anot B@readihfe 2d,r euehegespect chim-mftidra r gspecttiing nebep

stations e frequenc -gpnain arthogonal _even in a gase of multiple nobile
stations érruloténeo‘ifé'i%ta dfiffect i*hg t‘gfetd%ée%e%asec ip  pattern’ by
performing a chip repetition for a predetermined number
of repetitions to a spreading chip sequence, and a
multiplying step of multiplying to a signal including
the predetermined chip pattern which is generated by
15 the generating step a phase specific to the mobile
station.

A  method of wireless transmission in an
embodiment of the invention enables a reduction in
transmitting signals interfering with one another as the

20 fregquency 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 1solated cell

25 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 wusing chip.
repetitions ana also an applying of chip repetitions in an

30 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




station. Such reduction of multiple-access interference increases the

spectral usage efficiency in an isolated cell 25 environnent in which an
effect of such interference is dom nant so as to achieve an increased |ink
capacity. As a result, when comuni cating by DS-CDMA, an applying of one-
cell frequency reuse using only spreading not using chip repetitions and
al so an applying of chip repetitions in 29 30 isolated cell environnent
enabl es an inplenentation of an increaséd |ink capacity in both cel
environments. O her objects and further features of the present invention

wi || becone ap nent fro follo alled escrlptlon en_read
i n conjuncti onfoqwof"ﬁngheéga ang?ﬁﬁr%ﬂ%%n e%RIrlflé DESCRIFTPHERCOEC R HE
DRAWNGS 5 Fl Gith ish@ sehenpbheih adrawisgs an overall configuration of a

nobi | e transm ssion systemand a configuration of a nobile station
according to a first enbodinment; FIG 2 is a schematic diagram of major 10

oper ations of ﬁ@bbhgcﬁﬁi&@ Oa}cqgrﬁdbﬁg,q%b%§ first enbodinment; FIG 3 is a
schemati c di ag 0 uency spectrum of a signal
transmtted by a nnblI§I§tailbﬂ-ac§Ghdmm@p¢odaa@rthOénbvdlnﬁﬁra115 FIG 4
S 8 sohemat | & lARLAT0Ln AR OVET Hlbs 1£0N JULALEORA T Aty SLESS

transm ssion sys a configuration a tion accordlng to a
second enbodi menifighk&tidni ofa scfmﬂﬁtlec shagoam afcardiogerad i an f26stf a

Wi reless transnission systemaccording to a second enbodinent; FIG 6 is a
schemati ¢ di agFRIMeRh” over al

FIG. 2 is a schematic diagram of major
10 operations of a mobile station according to a first
embodiment;

FIG. 3 is a schematic diagram of one example
of the frequency 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 third

25 embodiment;

FIG. 7 is a sequence diagram of an operation
of a wireless +transmission system according to a third
embodiment;

FIG. 8 is 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 configuration of a
nobi |l e station according to a third 25 enbodinent; FIG 7 is a sequence

di agram of an operation of a wireless transm ssion systemaccording to a
third enbodinent; FIG 8 is a schematic diagramof najor 30 operations of a
nobil e station according to a third enbodinent; FIG 9 is a schematic

di agram of an overall configuration of_jg.w reless transm ssion system and a
-14- configuration of a nobile station according to a fourth enbodi nent;
FIG 10 is a sequence diagramof an operation of a wireless transm ssion

syst em accor didwrfcfurdtachowst h serdashinent +a bz éécb?dﬁ)déchénaé! ¢ di agram of
a configuration of a base station according to a second, a third, and a
fourth enbodi femith FeEpodImenta schematic diagram of a variation 10 of a

configuration of a bas atison.accaqrdi o] on thir and a
fourth enbodi nent; FI GGEI?S ilg gss%h%e ?gcéi aograg%gg‘f cgfno?ﬁero g‘}ar%lc’%f a
configurationodf aa baselsdxat koananisyidinngsyotan seeonding thirgd, and a
fourth engodi pent ; 15{9@@, 14 is a schematic diagramof an exenplary

conf i gur ati ont R nEBPPLIEL i on  according to a fifth enbodi nent with the

data rate doubled; Fl@igl5A1a0d El GenlrBrake Scheart igr diagrams 20 of an
exenpl ary frequency spectrumof a transmtting sSignal with the data rate
doubl ed: configuration of a base station according to a second,

a third, and a fourth embodiment;

FIG. 12 is a schematic diagram of a variation

10 of a configuration of a base station according to a
second, a third, and a fourth embodiment;

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 mobile 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 a2 schematic diagram of an exemplary
configuration of a mobile 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. 19 is a schematic diagram of a
configuration of a wireless transmission program

according to the present invention;



FIG 16 is a schematic diagram of an exenplary configuration of a nobile
station according to a fifth enbodinent with the data rate halved; 25 FIG
17A and FIG 17B are schematic diagrans of an exenplary frequency spectrum
of a transmtting signal with the data rate halved; FIG 18 is a schematic
di agram of anot her exenplary configuration of a nobile station according

30 to a fifth enbodinment with the data.pate halved; FIG 19 is a schematic
diagram of a configuration of a wireless transm ssion program according to
the present invention; -15- FIG 20 is a schematic diagram of a

configuration of a rmb|FIIg spation, aceRbdl o tdg_agrgltnxtgf gnbodi ment; FIG 21
is a schematic diagramof a 5 configuration of base station accordl ng to a

sixth enbodiamefigurrGloR? dfs a swirddet | statiiayr aacadfrdimgexenphkar yixtiobi | e
station accorg di ding..ta a fifth enbodi ment which changes scranbling code
according to externaln 10 control | i ng information; FIG 23 is a diagram which
describes an operatioFIcf. ainpbid eserbitan &H.Q@Ii:di'nngbﬁ 0aa sixth enbodi ment
whi ch app%| es c p repetition after multiplexin Itiple chanpels; 15 FIG
24 is a stherf&lf &%‘F&SFB% Gt af RBE PR YT ?‘F%Eﬁ N%ntef 2 fbbFle station
according tQmddifdehtenbodi nent whi ch changes a nobile station- specific
phase sequence according to a set of controlling information from an

out si de source; 20 FIGFIg5 £3 &s h axghemakhrcigesam sefs ghe exemplary

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

10 controlling information;

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

15 FIG. 24 is 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 information from an outside -source;

20 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 seqguence diagram of an operation

of a loose transmission timing control performed in a



concept of a loose transm ssion timng control which is perforned in a
transm ssion systemaccording to a sixth enbodinent; FIG 26 is a diagram
whi ch describes an 25 operation of a nobile station according to a sixth
enbodi ment which inserts a guard interval per a predeterm ned repetition
pattern; FIG 27 is a diagramwhich describes an operation of a nobile
station according to a sixth 30 enbodinent which sufficiently |engthens a
predeterm ned reuse pattern; FIG 28 is a sequence diagram of an operation
of a | oose transm ssion timng control perforned in a -16- wirel ess

transm ssion o ' .0,a Si i t i FLG IS a schematic
di agram of a ?lyfé?ég%xg%ﬁq%@%%%ﬁf i gﬁ%‘%}? o%gg?g%i%{;b??e %t gtg?%llr]] according 5
to a sixth enbododemntwhi ch applies chip repetition and tinme-nultiplexes

pil ot channels; FIG 30_j schemati ¢ di agram of a segcond _exenpl ary
configuration of a rmbiﬁg's?éat ilﬁnaacsccg‘leﬂ‘laggc PRI x?ﬁ énbbti Hent whi ch

appl i es chip ee@fpldipncoddiqivdiiore- 58 b phé@e Phtotidghappebsgidd G 31 is

a schematic diagramof a third exenplary configuration of a nobil®e station

accordi ng %t o &osiat RizkbogmeeAimeRt cWhaphl iaRPliRsp AB.mr epepetitgonand

e e R ATaEL R TP hgpeteternt o 0y of an

whi ch neasures recei vedr1d.ni3ng ibya pstlodmatdfrandbdgrarhi b appsycetd p

repetition; exemplary configuration 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 station
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 received
timings of first paths of the mobile statioms;

FIG. 34 1is 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 1is a schematic diagram of a
configuration of a base station according to a seventh
embodiment;

FIG. 37 is a diagram which describes the



!

20 FIG 33 is a diagram which describes a transmssion timng control in

accordance with received timngs of first paths of the nobile stations;

FIG 34 is a schematic diagram of an operation of a wireless transm ssion

system according to a sixth 25 enbodi nent which perfornms transm ssion

timng control using a common pilot signal; FIG 35 is a schematic di agram

of a configuration of a nobile stati on_@:cordi ng to a seventh enbodi nent;
o}

30 FIG 36 is a schematic diagram of a nfiguration of a base station

according to a seventh enbodinent; FIG 37 is a diagram which describes the
-17- concept of a strigt transm ssion timng control perforned in a

f
wirel ess tranSATEEY on O3y st e ReCor dity ="t 5 53 R evetiSenB3ditient : FIG 38 is

a schematic dpagrermed an exepmhalyssS tgaAEMIHEAIA ORyOted RRBLEGiSGati ON
according to a seventh enbodi mnent which changes scranbling code based on a

set of controlPirfy FAVERHAt iFWORivRAPEN outside source; FIG 39 is a
schematic diagram of anpgver Iis 10 gﬁ\rg‘n{agﬂga&kggrg gfw’g el 8§§m;£faar m ssi on
e station accor el §ﬁ

systemand a configuration of a nobi ing'to an th
enbodi nent3 Feé&nfifurstimrf | ofichmar tnodbhle h sichkiish r alcesrding oper a&i onal

procedure of a nobjle s atdi.on cc r.d'hng to 15 an eighth enbodi ntc'1 FIG 41
i s a schemati 854FAY? afBPaR DY e A" OHAGSr at ¢ ng {398 elase
transmissi on systemsand ¢¢ eoAtrgUI Blg ONnobrmatiRR | ersh atihon@ehQdi ng to a

ni nth _
source;
FIG. 3% 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. 432 and TIG. 43B are schematic diagrams of
2 time chart for a case of applying a transmission
25 timing control in an uplink and a case of not
applving the controlling according to the related art;
FIG. 44 is a schematic diagram of an exemplary
configuraticn 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



enbodi nent; 20 FIG 42 is a flowhart which illustrates an operational
procedure of a nobile station according to a ninth enbodinent; FIG 43A and
FIG 43B are schematic diagrans of a tine chart for a case of applying a
transm ssion 25 timng control in an uplink and a case of not applying the
controlling according to the related art; FIG 44 is a schematic di agram of
an exenplary configuration of a relatedrgrt multi-path interference
canceller; 30 FIG 45 is a schematic diagram of an exenplary configuration
of arelated-art chip equalizer; and FIG 46 is a schematic diagram of an

exenpl ary configundd i eny9fe@ fargquency-domai n equal i zer according -le- to
the related art. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS I n the

foll owi ng, enbodi nents of the present S invention are described with

reference to qﬁ%ﬁﬁ@ r aw . LLSt i t) First, a
configurationbgﬁAgﬁﬁﬁre essP%gpgngﬁq@%?&ﬁ&§§%%%§1%@%%ﬁ§?§ggto a first
enbodi ment is 10 descrimbectheAs fidllusting} edmbedimettsl, of W€l gsesent
transm ssion system 1 includes a_nobile station 10 and a base station 100.

The mobi | €@ st APVERTAP t r afShi t s SE5SHPEess Hitdnal 8By mitd i pbFi ng
spreadi ng codgccompenyDhl | erahdhgon 10 includes a channel encoder 11, 15 a

data nodul ator 12, a spreadi ng-code nultiplier 13, a chip repetition unit
14, a phase nmultiplier 15, farsganefwdadtimenithi ter 16, and a carrier-frequency
multiplier 17. First, a configuration of a wireless
transmission system accoxding to a first embodiment is
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 seqguence. 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.



The channel encoder 11 perforns channel coding 20 by applying
error-correction code such as Turbo code and convolution code. The data
nodul at or 12 nodul ates the channel -coded data. The spreadi ng-code
multiplier 13 multiplies spreading code to the nodul ated data so as to
generate spreadi ng-chi p sequence. The chip-repetition 25 unit 14 perforns
chip repetition for a predeterm ned nuer of repetitions to the

spreadi ng-chi p sequence so as to generate a predeterm ned chip pattern. The
phase nultiplier 15 nmultiplies to the chip pattern a phase specific to the
mobi | e station 10. The fasdw 8pbr3Qidrismi s£r the pheviXtessbavim dt h-1i miting
to the phase- nultiplied chip pattern and the carrier-frequency nmultiplier
17 mul tipliesl® EECPFERNGr defliehBy tRFSSEBL HIVESaClerdF s ofge??%&%?ﬁssi on.

-19- Then, opg{alionggof; iy iclie st akkgn 10 ageording.tp pregent
i nvention are es%’ri bgd.l E‘l?srg%ttegs ﬁl ust@fatzgd ‘lg‘rel F‘?‘& %‘B %étcntqﬁgc 3
spreadi ng- codsulmipltiiea i &8, 13 het heodmwihteslt etiphi yegequeencas as a 5

transmtting signal. (dl, d2, ...) ,i,s multipljed by readi hg_code having a
spreadi ng ¥ acﬁ{) B B"I sﬁig%iltddz)en at e"‘!a sPr e@‘dfﬁgp%ﬁ‘ﬁdpgg%quence,

"ol 1", el dpreadihdl” cod€2,Faving. - a ( Spipad Shpseguest| s t Be xchip-
repetition unit 14 applies chip repetition having 10 the nunber of
repetitions CRE=A% 09EReTaY? eddi TRF CIHPI sERenEBIUTRHEH, ( Reér Ehi p-repetition

unit 14 sortswthe;~ chivgor gpeat@d ohi p seqyence sQRsqhenfaye the sane
sequential order as the spread sequence (S13). Herein, stands for Chip

Repetition Fagchtp: ISPEfipipepeutidd thi prodgeencdsrcontpdtsdion thaving
frequency @xi subT SUUENGY SPeYLUTR.BMED Relhose LhbULabadhin G 3 A
sequence. Then, the chip-repetition unit 14 sorts the
chip-repeated chip sequence 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 1s 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 freguency
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 oxrthogonal on the frequency axis to

the frequency spectrum of the other mobile station so

as to reduce interference caused by the respective



descri bed above is a signal conprising a predeternlned chip pattern, the
frequency spectrum becones a conb 20 tooth-shaped spectrum The position of
the conb tooth- shaped spectrumshifts as a phase specific to the nobile
station 10 is added at the phase nmultiplier 15 to the signal conprising a
predeterm ned chip pattern. Therefore, as illustrated in FIG 3, the
frequency 25 spectrum of the nobile statéfn 10 and the frequency spectrum
of another nobile station 200 (refer to 1) do not overlap with each
other. Therefore, even in a case of nultiple nobile stations 10 and 200

si mul taneousI% connecting to the 30 sanme base station 100, the, frequency
spectrum of on&2REBLFEIRY attgR2tS: ofithB4Bna™ SR tHE fF%ﬁ%‘Fﬁﬁ/ 5inEngy  the

frequency spegtr upnof Holig AtharoRobide skatimn §9anﬁﬁt%qn%e%a1@terference
caused by the respective -20- transmtting signals. Herel en the

recei ved tim dgom athe hgebpeetbiat nohll90 statidmrs t Adnsarid t £AG :anynal s from

the respective,mbile, st gplons 10 and 200 are, the same, the frequency

spectrum of one no sta ion r tthogona e freq uency "t o that
of the other ispborehsiatalonon Thihe afpepiency detial | ed |trmat:heoff|théh t hr ough

t he ninth enbodi ments hus,. in the rel ess transm ssji on system
according to toﬁ Br dNRHLS nYERI SN, rl\f\%ias nB5PFE stlastia %G’dyolnusq t he

chip repetitignrapd th@RpasendubtihphyidMbpodenaktes a generating of a
transmitting signal having the frequency spectrumorthogonal to that of

the other nobile statioRhRsucHnasthhewibpless SrabsoisAOD) . sTheFefdre, in an
upli ok Tn whi GRcA2aTHLt il ecphile shat|aa-acs, ol Lt AgAdY Voepnngeted  to

the base statio a reduced transmt
10 10, wusing the 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 4uplink in which

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



interference and an increased |link capacity are enabled. (A second

enbodi nent) While an exenpl ary aspect of applying 20 on a fixed basis SF=2
as the spreading factor and CRF=4 as the nunber of repetitions is
illustrated in the first enbodinent, in a wireless transm ssion system
according to the present enbodinment, a nobile station conprises a function
of variably controlling spreading 25 factor of spreading code and the
nunber of chip repetitions. A wreless Yansni ssi on system 2 according to
t he second enbodi nent has the sane basic configuration as the wreless

transm ssi on st 1l as detaniled in 30 the first odi nent her ef or e,
nuneral s of t es?r%“co? TROEh tHe SahES a{?-gﬁgg)gaﬁré&aggggnéd to the
mobil e station and its El@MeNts S0 stthedhdtal tdidtgamdeser apt | ®reMdlill e

detailing below the differences from-21- the first enbodinent, referring to
FIG 4 and FIeenElapagion | of g thehefailesd a§Fammissantoverdign 2 - and

configurati on, of ek ess to4ansm.sShan . 25@n igquration of
a nobile st atlaoncoténgqg\({:y&%? ?ﬁg'otft gQSIHtO Z“%r e%%%l%emnb%gi %S?IS% %lgnt roller
28, whichSs ahe gresent sgewidimento tThe nobhteokliext | 28, 20thivar i bl gn

controls the spreading factor of the spreadi ng code d the punber of chip
repetitions b&SFFHN gﬁ&‘”‘%bﬁt rtg‘i’l I% B‘ﬁgﬂﬁﬁaﬁt&jﬁ@@n%'r offft base station
as 10 an ext erfptraPPakabusspraigngontddldd ngsi RiHRr ngd i righcdigles the

spreadi ng factor and the nunber of "chip repetitions to be applied to the
nobi | e st ati oAN20.thBe| BWIPeRf OFfr | fijIt orgPSeyukite BRRF afPi ntheFI G 5, an

operation of LHg.WifIRSS1hEFARM ST O0entdd SR ML bisdeSqhihe: as
10 an external apparatus. This 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 1in
FIG. 5, an operation of the wireless transmission
15 system 2 1s described.
In S21, the spreading facter and the number
of chip repetitions to be used by the mobile station
20 1is reported from +the base station 100 to the
mopile 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 according to the same procedure as the
generating of the +transmitting signal in the first
30 embodiment (S11 through 513 as illustrated in FIG. 2).
The generated signal is sent from the mobile station
20 to the base station 100 via a wireless channel

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



In S21, the spreading factor and the nunber of chip repetitions to be used
by the nobile station 20 is reported fromthe base station 100 to the
nobil e station 20. Such reporting may be by 20 controlling information sent
as broadcast information to an indefinite nunber of nobile stations, or may
be by controlling information sent to a specific nobile station 20. In
522, at the nobile station 20, a 25 transmtting signal is generated based
on the spreading factor and the nunmber %4 chip repetitions reported in

521. The generating of the transmtting signal is performed according to
the same procedure as the_ generating of the transmtting signal in the
first 30 enbodPfert (SFMCTRIRGh TP KNG | B3t thfeFREPEALDY actpie

generated sig 1S, S€ &F% he i i he e ation 100
via a wrel esgﬁéhat}nel H %%;T]OSFhecn, th!égg?%%all&gecé%/%%ebr ofrr%)ﬁetgése
station -22- hB6ei stidriodul Hitediac@nldi(8g41 0 the spreading factor and the
nunber of chip repetitizgns re orte(ﬁj fromthe .base station 100 in 521 (S24).
As described above, usithy CRECHIPES eS5°VE: t USRI sion"LyRt%Hi 2 according to

the presers ewbpghi®iton t Bost@Pi be sdaiBRL0cHergeatiesantt ransmtting
si gnal based on_the spreading factor of the sgr eadi ng code and the nunber of
chip repetiti 6A8odiNentot hERewdidpslet htafdsa stGit 6ReI8E®Nabl es an 10

appropriate changiRg:ofnd hgﬁ&fi’éfa%ﬁgdf agt ofnand theqs uinker of Jp p

repetitions to be used i'n the signal generating at tﬁe nobi e station 20.
Therefore, a thenesrmdaddngf codea amsim the ngusbgmalofusehigp t hepet itdloess
parameters SUiI%abol‘&Jrorw})PSs,re%RgCtﬂa\/s% Cg a!ltion 100 enables an
10 appropriate changing of the spreading factor 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 using 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.
Thexefore, a reduction of interference in a .
transmitting signal in an uplink where multiple mobile
stations 20 and 200 simultaneocusly 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 1in the second embodiment, the mobile

station comprises a function of variably controlling



15 environnments w thout providing at the nobile station 20 individual
wireless interfaces for the respective cell environnents is enabl ed.
Furthernore, this transmtting signal conprises the frequency spectrum

ort hogonal on 20 the frequency axis to the frequency spectrum of the
transmtting signal fromthe other nobile station 200. Therefore, a
reduction of interference in a transmtting signal in an uplink where

mul tiple nobile stations 20 and 200 si?ﬁﬂTaneously connect to the base 25
station 100 so as to increase the |link capacity in an isolated cel
environment is enabled. (Athird enbgginent) VWil e an exenpl ary aspect which

variably conth8l SRHEPPeddiTTr athGr thRd TR SKundler C88Pchip 30

repetitions beéﬁétpﬁsrrse spEeading frRet eerandiheopmaher Qbochil reRgtitions
reported fromthe base station is shown In the second enbodi nent, the

mobi | e st ati Ghecdfma setatidrunéni oieof wikeliels ytrammisisiong system he
spr eadi ng facg%ogﬁl%ﬁs h@onuﬁeergggs& i penﬁgg%(j}r’%' ons based on the cell
e 'n

envi ronnent reporte rom ase Statihon e Wi rel ess transni ssion
system acctording to the priesdnstserthradisnestiord Aysteel Essatcardifisston

system 3 according.to, the third enpodi nent has the same basic configuration
as the wirel egget %}Hfr‘i s%’?%‘?&%‘if?t%n"@ dePSi 1S nPRFEC  SRRERIVEHHOH ment .

Therefore, nugerajse otq_iwﬁessgalneraﬁ%m&ws}@t&he Sagerd fidg €9HS) iy e
assigned to the 10 nobile station and its elfenents so as to omt the

description aseaenf gFbgdfmertng herefcrhe dimtrzbnced thonsame second
embodi ment, rggfﬁﬁuﬁng(wtlQhFlﬁe 655{]&0[{%}11—%}1(@3) 8'are assigned to the

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. & 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
38, which is an element specific to +the mobile
station 30, wvaxiably 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 environment. 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-cell frequency reuse 1is achieved so as to increase
the link capacity.

On the other hand, in a case where the cell



FIG 6 is a diagramof an overall 15 configuration of the wreless

transm ssion system 3 according to the present enbodi nent and a
configuration of a nobile station 30. The controller 38, which is an

el ement specific to the nobile station 30, variably controls the spreading
factor of 20 the spreading code and the nunber of chip repetitions based on
the controlling information indicating4de- cell environnment transmtted
fromthe base station 100 as an external apparatus. Mre specifically, the
controller 38 perfornms a controlling operation which 25 sets the nunber of

chip repetitiensibynidiec chhpehr epet i hdwin dinktaBdort 0301"fdNsa wagad hat the
cel | envi ronment whi ch_ the nobile station 200 falls within is a nmulti-cell
environment. BA cAheisabrBRd relis epsirogpentt hdthet heorhigdlegpetd tion is not

per for med so 30 thats onbyLhey st eafling fagtarcls il KGRSY, oEhepgne- cell

frequency reusSe iIs achieve a to Increase nk capamty t he
ot her hand, i mepetatsmnmewhlldae deelrleas:?ﬂg ehel rspwerdinghi £dctdre nobi |l e
station 30 falls_within olate envi rqnnent, .the controller 38

performs cont PEREFREP cﬁ}S‘F §§s ¢ Cﬁb?rberrep(?ftl(‘fHPBS Pépettti Rs whil e

decreasi ng thgespsqpad ngofa;ct@r: i ef esAabkyamphe rupbess obrebhd® 4,
repetitions is set to be equal to 1 or nore, for exanple CRF of around 4,

S0 as to decr 68serY h&OnmRARTFEE othe hBagpreads ngt e OFPEFAYATDr the number
g]::cgmj:on;eltogt If%lc?ﬁg fi ré’fbgﬁa ta%gl s%%ng%dweégom Qﬁg%f‘%or gqﬁﬁ%;éﬂy
spectrum of the nibi tbestwiiedies30, trandntilsationf sytsemnopbidterdingt itn 300 where
the mbilfOSt %Emieonéirst and the second embodiments, the frequency

spectrum of the mobile station 30, and that of the

mobile station 300 where the mobile stations

simultaneously 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 wusage efficiency due to multiple access
interference is especially large.

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

25 reported to +the mobile station 30 from the base
station 100. Such reporting may be by 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 532, a transmitting signal is generated

at the mobile station 30 based on the spreading

factor and the number of chip repetitions which



si mul t aneously connect to the base station 100, are orthogonal to each
other so as to reduce interference 15 between the transmtting signals from
the respective nobile stations. Such controlling is nore effective in an

i solated cell environnment in which the reduction in the spectral usage
efficiency due to nmultiple access interference is especially large. 20

Bel ow, an operation of the wireless tramsgsm ssion system3, referring to
FIG 7, is described. In 531, the cell environnent which the nobile
station 30 falls within (one of a nulti-cell environnment and an isol ated

cel | environnesfiedppndd f&Pehked-d10 t BRvIRRideatst Addted0 {fomsyhe base
station 100 _ Such reporting may be by controlling ‘information sent to an

i ndefinite nufrer geherabing oft athonsrepsobiddast $¥drerlnais oPeriormady be by
controlling i [ ion,_se to pecif] bLLe 0 i 0. Itn 532, a
Qéc?or[aqitng LS rJcthe sdfrn% t %%hééc?ruo EL tht% O%érg%tlagcra}:n o%

transmtting sign IS generate il e statl Seéd on the
spreadi ng facier taadshbetimgmbeignél clicgorédprg i tbonshenhifchst 25- correspond

to the cell enviragnnent reported in 53 The .gener ati ng ,of transmtting
si gnal issper‘fr?)t? F=Racc ﬁ]i O heS]éar@fsprl&gé’agF%t%_ tfle %ﬂﬁe ting of
the transmttig gbeaBahtSECRLGNAY 11 t heahdmittted eptodbmBptrL18LL t hrough 513
as illustrated in FIG 2). The generated signal is transmtted via a

Wi rel ess charimingly ofirethe thebi mebskeat S6AtBM t 60t H@ bbke basation 100 (S33)
cpr eadi ng 10 TGEUST a0t HE utbeR 0t cH'S PAgBR L1 FORE i hCoedr respond to
the cell envisonnent o(eporiseddémoduldteed based on the spreading
10 factor and the number of chip repetitions which
correspond to the cell environment reported from the
base station 100 in 831 (S34).
Below, a flow of major processes executed at
the mobile station 30 is 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, in a case where the
controlling information =reports a multi-cell environment,
P11l and P21 in FIG. B arxe applied as the wireless
parameters. As a result, the spreading code (SE
cellular) generated at the spreading code generator 33-
25 1 dis multiplied by +the spreading-code multiplier 33
and then the scrambling code generated at the
scrambling code generator 39-1 is multiplied by the
scrambling-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=1).
On the other hand, in a case where the

controlling information indicates an isolated cell



base station 100 in S31 (S34). Below, a flow of major processes executed at
the nobile station 30 is described, referring to FIG 15 8 The wrel ess
paranmeters set up at the spreading code nultiplier 33, the chip-repetition
unit 34 and the phase nmultiplier 35, based on the controlling information
input at the controller 38, are appropriately changed 20 In other words, in
a case where the controlling informatiei2a-eports a multi-cell environnent,
P11 and P21 in FIG 8 are applied as the wireless paraneters. As a result,
t he spreading code (SF cellular) generated at the spreadi ng code generator
33 25 1 is nulenyidbagghehy ,t HElSpnela@2Ag- Gedehel timpl FE6. 3B ame then t he

bl i d ted at th nbl i d t 9-1 .1
mul i pl i ed by SHE S r Al Tifg- EoHe-aAN t PBFFEFSI (ot 41 FBSEFht ed Bn FI G

6). Subsequentdpreddigigout il t igBHcksr@er her etk Wsbhesadimdd-Jaef or m ng chip
repetition at the chip-repetition unit 34 (CRF=[). On the other hand, in a
case where thegersratoal | Fogl | byortha | sArkadirateesicanmikirdtied cad| (S26-

envi ronnent., R R22. (hat ched.i n,Fl 8 e pRlJ he. wi rel ess
par anmet er s%’ Asﬁtélt rasre%g)u )t , l% hgnu(istﬁg%%%? n&ggod%hegrgngpgt e;;rgﬁb?fﬁ%éspﬁo\egaedi ng- code
gener at or 33- Ilgdnyeddteds paeadiheg- sotendhinig-pbder gdhetSEob IBO-1SpdE) 1S

mul tiplied and then the scranbling code generated at the scranbling-code
gener at or 39- MEIRhHSS: pI TREP - Tﬁgﬁ, “S‘H’@ cRERR et tYRAFSamhERE CRR >2% at

the chip-repetiid ornup-tepdtitider LRl fred4S0ias te fofiféter @be 4 sitgnal havi ng
e T N eenatd 5 Uibned Tisving "3 ‘predbtommined 2his ‘Bakdrn S
Hereby, the 9gener= gn g P P P
10 and to multiply an user—-specific phase. Hereby, the
chip pattern 1s kept constant.

As described above, using 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 bhased on the
cell environment. Hereby, an increased 1link 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 variably 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



chip pattern is kept constant. As described above, using the wreless
transm ssion system 3 according to the third enbodi nent, the nobile station
30 uses the wireless paraneters to 15 variably control the spreading factor
of the spreading code and the nunber of chip repetitions based on the cell
environment. Hereby, an increased |ink capacity wusing a single wireless
interface regardless of the cell enviroAdent which the nobile station 30
falls 20 within is enabled. (A fourth enbodinment) Wile in the third
enbodi ment an exenplary aspect which variably controls the spreadi ng factor
of the spreadisngtbederiardetbhe tmamsen sefoxnhsystespetd t kads 25dbasetedn t he
cell environnent i ch the nobi eﬁgta ion falls within is described, the

a

mobi | e station?i n*8% W5Ergs<2h WS sieBRogyRERT 4 ARBEFIRTRy to the present

enbodi ment  compiie3@3sa dtNehEonBle Vas1 @R Y (ROPh I @hbi Ngsmd hea spraading
factor and the nunber of chip repetitions 30 according to the nunber of
mobi | e stati ofFe sgpdgnrateots| yrheonfhelkiksl sdabidaseéndt atisonelamentswirel ess

transm ssi gn St fcC i to f h odi ta i t he same
bl o cont Pqurky S5 AECBRLEL Mol QadqlEr ipibhy wRTROCMIENL GOTRILREE |
detailed in tihe sécbhHiereammest hfrah ethedi swrting. Jiwbr ¢her echirduneral s of the

same colum (with the sane tail-ends) assigned to t nobi |l e station
and its el eme °§l§‘8n§§' t 5e?ﬁirflP‘ﬁe egﬁfﬁsptglso%nﬁhiqlg'dgﬁai ling below the
differences fromthe seggad andithes t BisgranB@digenbeerseferring to FIG 9

and FIG 10. FIG_9 is a diagramof an overall configuration of the
wirel ess transoddiggnasyeremts el wireless transmission system 4 and

10 the configuration of a mobile station 40 in a case
of wireless connections from the three mobile stations
40, 200, and 210 to the base station 100. The
controller 48, which i1s an element specific to the
mobile station 40, variably 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 the 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 Dbeing 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



10 the configuration of a nobile station 40 in a case of wreless
connections fromthe three nobile stations 40, 200, and 210 to the base
station 100. The <controller 48, which is an elenent specific to the nobile
station 40, variably controls the spreading 15 factor of the spreadi ng code
and the nunber of chip repetitions based on the controlling information

i ndi cating the nunber of simnultaneous cenpgections transmtted fromthe base
station 100 as an external apparatus. 20 More specifically, the controller
48 perfornms the controlling to decrease the spreading factor of the
spreadi ng codandrielsan tHwr epsetidl t heagenerielienepbidr@l stied i aaskconnect ed
to the base station 100 as well_as to increase the nunber of chip,
repetitions. ZBEPRRLEVHRF erfceXafvhl t RE tIRFFSFASE fRg BigynalRk f (GRREREY

respective mohj;g St @hhONS Jier easES AT e MR Phe TRBLLEL$tALI ONS

si mul t aneously connected i1 ncréases. Thus, the arrangenent®™ such that the

transmtting gsiclpidles $tamonsheis egmedbtiliede nobil e stations 40, 200, and 210

30 being cgnnect ed to the.,base station_ 100 are ant hogon on the frequency
0

axis to ond another witBSaR"’ i fd eSRETE TifbeP T of i BT Stions enables a

reduction of raddnsplies@acsesysiteiner{ enenceesérided Oby 28erkheif@se the _
spectral usage efficiency and the Iink capacity.As a result, an increase in

the 1ink capaci® yFI®hi}®@ suppressing interference anong the respective

nobil e stations is e”ablI%d-sh,Beltg)é‘ AlRer 8k i Q1 0f 1 LhS MR ess
transm ssion system4 is described by referring to FIG 10" In 541, the
nunber of simddraesddspy-mobile stations that 1s the number of
10 rmobile 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, oxr 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
factor and the number of chip repetitions which

20 correspond to the number of simultaneously-connected
mobile stations reported in S41. The generating of the
transmitting signal is performed according to the same
procedure as the generating of <the transmitting signal
according to the first embodiment (S11 through 513 as

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

30 the number of chip repetitions which corxrespond to the
number of simultaneously-connecting mobile stations

reported from the base station 100 (S44) .

As described above, according to the wireless



connecting nobile stations that is the nunber of 10 nobile stations
currently connected to the nobile station 40 is reported fromthe base
station 100 to the nobile station 40. Such reporting nmay be by controlling
information sent fromthe base station 100 as broadcast information to an

i ndefinite nunber of 15 nobile stations, or may be by controlling
information sent to a specific nobile station 40. In 542, a transmtting
signal is generated at the nobile station 40 based on the spreading factor
and the nunber of chip repetitions which 20 correspond to the nunber of
sinultaneouslyrennmésseah myisitkR s akcoosdirepotbedhen AdrthThe generating of

the t tt | f d ding to th
the gener at | nGTOPCRRENE artd (TSI GASTLOTacABr AT APY L RETRPLE SHifod ment
(511 through %%,%eaamaS fiddtest r g ednkn éﬂ@adahgT%ceeeaaatee Shﬁlﬂ@ér' S

transmtted via a wireless channel fromthe nobile station 40 to the base
station 100 (5%43)chimenrepehétiengniesedcanyethe r oPAE t?ésem%&??a]tq on 100 is

demdul ated | 1S Basean Ligoapr sadigaLagt oroand, A0pkhe uabepaof ohip

repetitions corres on er o simu aneously connectlng
nobi | e st ati ongiicheptitd edxoblimm téteathaee 41 at g orcchectbd4)to . AsHeleswyr,i bed

above, according to the wreless - transm ssion system4 accordlngtothe
fourth errbodl tmorfﬂlee nﬁﬁﬁFé"%té’u ot 4§n9gl?€bla§/‘ cHHTS156% Wt s pr eadi ng

factor of the c%@raea@yngg}coqha@dghglﬁ@x@ealr@iegﬁl pntepeldd i ons based on
the nunber of nobile 5 stations simultaneously connected to the base station
whi ch the nobidegagdaersn A0 tBecdiRfdeeBE ¢ L1HRBHECONMERE: nobi | e station 40

i's enabledgan increasedybi®K 5 configuration of the base station
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 cocmprises
a carrier—-frequency multiplier 101, a 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 signa; multiplied at the

30 transmitting mobile station to the original phase. As
a result, a signal having a predetermined chip pattern
is generated.

The chip repetition combiner 104 uses the



capacity by using a single wireless interface regardl ess of the resident
cell environnment. 10 Next, a configuration of the base station 100
according to the second, the third, and the fourth enbodinents is

described, referring to FIG 11.

transmtted

The base station 100 receives a signal
fromthe nmobile stations 20, 30, and 40. As 15 illustrated in

FIG 11, the base station 100 conprises—3&-—carrier-frequency nultiplier 101,
a bandwidth limter 102, a phase nultiplier 103, a chip-repetition conbiner
104, a despreading unit 105, a data denodul ator 106, and a channel decoder

107 20 The basewdhesti of G0 erersitirtions, a Wiiwdy yisddthe segpenes ftlan t he

recei ved signal,. according.t.0 an _ qppasite process, of nerating the
transmtting éuﬁaﬁ% at t he:L ProbiFe lgctlgﬁs’on]?eﬁo %(?tdhgf’ \?\@?%s, r?ﬁgmc%ﬁr?ger
frequency nul tmgBiley $@4tierfi pbi eSecdm@ahei efrdi egHeN@®igdalt cad he recei ved

chip repetiti

signal so as to conyert the received signal .into a_digital baseband signal
The bandwi dt h S§ITHAER 182°% ofi o‘é‘slpgrﬁagaﬁfﬁt FYFRLti S t & tFRSWdivgi Ral
baseband sisgnadprJdid righase: pulskhibhes 1Q3 gdieslAicds thee PhRSBreiatde signal
multiplied at the 30 transmtting nobile s?aplon to the original phase. As
a result, a siynl RAVI Myrliiplaget eyani hhe chilp psedwgnce | ShgersprgeddngThe
o) I 1 us he. - 30~. r chip petitign whi ch
g?%egnﬂﬁg%grc%‘e cﬁ%ﬁérg’%?%ﬂf ol#:gi%rgce:ﬁg‘rt't ed t (gﬁghesljtrre(ﬁ%g tting

is the sane as
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data before spreading. The data demodulator 106

demodulates the modulated data while the channel
decoder 107 decodes an error-correction c¢ode so as to
channel-decode data after demodulation. As a result of
the channel decoding process, the binary data sequence
input to the mobile station 4is 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
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, based on the controlling information sent
from one of the mobile stations 20, 30, and 40, may
determine the number of chip repetitions and the
spreading factor to be used in the xeconstruction
process of the received signal at the controller 108.

Furthermore, as illustrated in FIG. 13, the
base station 100 may determine, based on both the
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

at ed.



code having the sanme spreading factor as the spreading factor reported to
the transmtting nobile station so as to restore the received signal to the
nodul at ed 10 data before spreading. The data denodul ator 106 denodul ates

t he nodul ated data while the channel decoder 107 decodes an
error-correction code so as to channel-decode data after denodul ation. As a
result of the channel decoding process~3the binary data sequence 15 input
to the nobile station is reconstructed The controller 108, based on the
controlling information transmtted to the nobile stations 20, 30, and 40,

variably cont rgireddiegspreadingtbadicorusédt Rg Sy eadidgseadsila be used at
the despreading unit 105 20 and the nunber of chip repetitions to be used at

the chip-repRIAGSF cOhbither 1oEivash edianral + hBerrise sthei dRSE00 as

illustrated i{ﬁ%ﬁf%n 1gg%PQ§8?e§ﬂ%&%§,ggg%ﬁg%kggge%Qfog tkggt%§911n$r0n1one

of the nobile i ons rm né tThe numper of chip
repetitions anthfidinatipheathaigniigectdr 40 hReusedils tdmtuieaonsithicthen

process of _the received sihjg_pfal at .the controller 108, Furtgeam)re, as
illustrated i FEEOMING YHEE1EP atTHRIY68 ey etRF nfR@11Based on both

the 30 controddddibd NEEr rMaitona t ARkt tAk t Sp&a®; ObchhErmEbide séations
fromthe base station 13 and the controlli ng]‘ Information transmtted from
the nobile st&Ri dHethRE Mtheyamfakdif pcrepedlitingnseandhehesRRA18Fr eadi ng

Hor eby, | the. bace "Lt aft an 00 1€ erablad S dol TaFLrs Ort he: cantiorT g

i nformation tramssiuchedan o ashechpbial enstat copumitd shensl cdreneiithing

i nfor mi“% ree(lzr?c;Vei\%cfe!i\gl%éh%smgrilalb%.ed, assuming that the receiving
of the signal from the mobile station 1is 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 is 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 is doubled
is described using FIG. 14, FIG. 153 and FIG. 1SB.

FIG. 14 is a schematic diagram of a

30 configuration of a mobile station according to the
present embodiment. Needless to say, as the
configuration 1is n parallel, the data rate would be

multiplied by n.



station so that a sinple and speedy confirmation as to whether the variable
controlling of the spreading factor and the nunber of chip repetitions is
performed. In such an aspect, a nore accurate signal transmtting 10 and
receiving is enabled, assum ng that the receiving of the signal fromthe
nmobile station is performed in a case that a variable controlling is
appropriately perforned. (A fifth enbodidzent) 15 Incidentally, while in the
first through the fourth enbodi nents the data rate of the transmtting
signal fromthe nobile station is assumed to be constant, it is also

possi bl e to change the mpnpIt oot shapednsel Seorsthagonalcamprasesanot her in
20 accordance with data rates desired by the_respective nobile stations.

Bel ow, as an eX@Rie;toaPeXakbeli MRV ERF #0lcastPTHRUIISFPRY the data rate

desired by thegef&speal vecibiche 4Rt ic0Rs agubfor tR-6age ebobal ving 25 such
data rate are described. First, the enbodinent in which"the data rate
desired by thenpksimldtarse abil etbrowdlong 0Bsédoutsiradblingdexts i bed using

FIG 14, FLG | G, 15B. 44s 2mat | [ agr of a 30
configurat#on %%ﬁ%ﬁﬁgﬁf e(g%gﬁigﬁkg% %ré*ﬁ8§to g? %ﬁg@l gg%o f ment .

Needl ess to saghigsrdgesitdenf ivnirtat i phs+5 rhpangh! @05-hhe nddtider at e woul d be
multiplied by n. -32- In FIG 14, the nobile statjon_conprises a

seri al - t o- par af FetisimpectéicoPhasgpr ee@hisiicode 1 géherPaelr £ 1 t hrough

C-n) 202-1 thrgugh: 2024, 2061 t kBkbBEE 20%-h thipuoh 203ufnescrampl i ng- code

The serial-to-parallel converter 201 serial-

10 to-parallel converts an input symbol sequence so as to
convert to n sequences. The xrespective 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 1is needed.

Such chip-repeated sequence combined at the
combiner 207 comprises a frequency spectrum on the

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



5 generators (SC-1 through SC-n) 204-1 through 204-n, chip-repetition units
205-1 through 205-n, nobile station-specific phase sequence (P-1 through
P-n) generators 206-1 through 206-n, and a conbi ner 207. The
serial-to-parallel converter 201 serial- 10 to-parallel converts an input
synbol sequence so as to convert to n sequences. The respective parallel
synbol sequences output from serial-to-parallel converter 201 are
multiplied with the spreading codes (C1 through G n) generated at the
spreadi ng- code generators 202-1 15 through 202-n and then with the
scranbling codes (SC-1 Fibrolgh 88dn)FI@enelaBesrat sthemstianbibgganode
generators 2040;1131 throeu}%h %4-n. r‘léhereeafter ttr}e chi re%eétniti. r%ii S
performed at tthe eHi p- é‘}? R ofn AESY SRETHRr ffgh2 2051 S r&f'fl, the
spreadi ng codesighad 20nt heiser atHY | agt&odesemdddiplededot 0 thbe ngspecti ve
sequences may be common codes_or different codes. The respective parall el
symbol sequencetdfreris cfiopPiefetiti on are phase-nmultiplied with the phase

sequences ¢P-1 through R-n);: t nmohbiske 25 station.specific
phase sequgnces gener at g“rss bgglr%tt%rqoa{g% gg% nqsga'as to be conbi %ed for
outputting at ddadrdimgnbtimer d20a. Addreei desided phmseheequericlee useation the

phase multiplyjng iis shifted to another conb-tooth _ set so that a

nul tiplying of l%ogd?:g?erc&ntta phak% %8 AR89Vt y tHe s FEfREs i s needed
Such chi p-r epeaimd iSRS NCEh<L ORBL Ciggl altoinbeto&HEA NEpe 2ZOAICOBPEI $8S A
frequency spectrumon the frequency axis as illustrated in FIG 15A and

FIG 15B. -33-"$Hilg 2i54Ahshdskresd 158MEr BodchatPecdi®yr 87 GFSan exenpl ary
frequencygpeciddigrly atdr apemddding stgpaldn | BoWhischrd hadakaitat e desired

by the nobile
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 1is 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 of the mobile station as illustrated in
FIG. 14. Therefore, numerals of the same column (with
the same taill-ends) are assigned to its elements so
as to omit the description in addition to describing

25 below the differences from the embodiment as described
above, referring to FIG. 16, FIG. 172, and FIG. 17B,

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

30 sequence 1is 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



station is doubled. 5 As illustrated in FIG 15B, in a case of doubling the
data rate desired by the nobile station (to the data rate B) according to

t he present enbodi nent, the hatched conmb-toothed spectrumset as well as

t he shaded conb-toot hed spectrum set are 10 assigned to one nobile station
so as to transmt different data synbols for the respective sets. Hereby, a
transmtting of a transmtting signal frofra nobile station at the data
rate double the data rate A as indicated in FIG 15A is enabled. 15 Next, an
exanple of a case in which the data rates desired at the respective nobile
stations is lkapblédats checribeat: usymgoFl GeqléncE&l Go 13A sequéncesG 17B. The

nobil e station accaording.to the present 20 epbodi nent has basically the
sanme confi guréiteirSﬁ%éErt&@e cOffF gkFREFDR 6F tE]ge nﬁ‘g’glliest%tai RAlas?s

illustrated inj)GkGradda Theret®reaenui@er aksrofndde same colum (with the
sane tail-ends) are assigned to its elenents so as to omt the description

in addition to descri bi E§G251 bel ewdt HeLGdi f1f78r exrses sthemtire dibodiment as
descri bed -abqye, _referri to- F I 17 FI 78. The
SEORC.of USRS 0 L Miadbhfiyl el 5 4

di fference between t he I'le’st on 'as | G 16 and the

nobi | e statiortrassmittisgr atigdailn WwE ftHei datthatrdatee dapitedyiiolthe3D
sequence i s not  serial -to.-opar | ] el ,converted, but rather parallel-copied. In
ot her words, g@@&ﬁ&i 3o nthgadp'}lecs,\%'ent enmbodi ment, the duplicator 211 is

used in lieu of the sepkal riqrfrazakhelirconyert amp?01i:$0 sascd 4k - 34-
duplicate the input synbol sequence to n sequences. Hereafter the sane
process as thé’l&#ﬂbiﬂge m%t figﬁaag;:ate desired by the mobile station

10 according 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 is comprised by combining the
frequency-domain spreading with the +time-domain
spreading (two-dimensional épreading). 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 3illustrated in FIG. 16 1is described. The

mobile station as illustrated in FIG. 18 multiplies at



illustrated in FIG 16 is perforned. FIG 17A and FIG 17B are schematic
diagrans 5 of an exanple of the frequency spectrumof a transmtting
signal with the data rate desired by the nobile station halved. As
illustrated in FIG 17B, in a case of halving the data rate desired by the
nobil e station 10 according to the present enbodi ment, the hatched conb

t oot hed spectrum set as well as the shadg8l-conb- toothed spectrumset are
allocated to one nobile station so as to transnmt the sanme data synbols at
the respective sets. Hereby, a transm ssion of a 15 transm tting signal of
t he nobil e st aheommditiplhalkvelb3-dat aheatsprredatgvedde t DEretat genateted as

illustrated in FLG Ais abl ed. A transmtting havi uch redundancy
enabl es char aéferti i &Fﬁ%r%ﬁ?gﬂﬁ% Tttgea Sefrrlé-‘_&ﬁgﬁwiaﬂ? sity effect. 20
Furthernore, asnegethei examphe @imBolCa¥quaueat ion gt a1oBbtea st on

which halves the data rate desired by the nobile station (to the data rate

C) , a configBrap)bnl aSonVRESt ridted SPReFERT 1810R0Y- alSsbspeugmislst bEbe The
TP oauency onai®, rdedato £8! 24, | 0nf) Gondfc: Scum Sgf B GeEBLILTD e

frequency-domarn's gwth Spreadi ng nsi onal
spreadi ng) Thenconfg guweat ion pexffolriiednobi | e station according to the present

enbodi nent is basically_ the sane_as the configuration 30 of the nopbile
station as illustrated PR FR8CTiEed -afpMSef oReSOFENG ntot AdeditIRiénce from

the mobile stabik@Bnasdddddghbatesl itReFl&Grtdb Lfvdlesedrddeds Thangaohid e
station as illustrated in FIG 18 nultiplies at -35- the nultiplier 203-7
t he spreadi ng t®6dec T icsPrgénefdfied 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 cbtaining the MAI reduction effect is

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 intexrference 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



at the Cfreq 212 before the serial-to-parallel conversion to the synbol
sequence so as to serial-to- parallel convert the spreading signal
Subsequently the 5 sanme process as in the nobile station as illustrated in
FIG 16 is performed. As described above, according to the nobile station
according to the fifth enbodi ment, a change of the orthogonal conb

t oot h-shaped sets allocated to a 10 nobiBe-station according to the data
rate desired by the respective nobile stations and a flexible assignnent
of the data rate in accordance with a change i'n the comuni cati ons
environnment ofa t hecopbid® metiatrhorz0ohi |2 ebtalesng trhesMdsieduction ef f ect
is 15 enabled. Mreogver, while the exenplary cases of doubling and hal vi ng
the data rat e PFOSPRE4NEy RIRITRDLT 4 & SPEPT BYFactortiiiy Teltire # (ii

enbodi ment ar%hlggscgﬁﬁgggngéar fad t pggégg %@Ct BYngl o be 20

appl i cabl e. Furthernore e chip pat ern. ase sequence, or the
frequency bandransetiieingeisglybedi ng ochaxﬂmesl-mud)xngayndwl(ehahg&ﬁ [=1g]

accordance_w t the ni cat i ition of the respective nobile
stations. An (€&%f™ &%gnﬁﬁie ??%Eﬁ% 3@ barfds *By~ 35 FeiGhbor i ng nobi | e
stati ons enabheStdpledHgt ifyawk 3n¢erachﬂn@ekepétﬂtiﬁfem@@uM@ignsinp@cts

the surroundings. In_addition, further _enhancenent of the
f requency- di vé’rhﬁsFymé‘leéEJcﬂ%g eRaBrER. 3éxt 2 aPpPeYEIHR M iérBor i ng the 30

process of ge%rd%tllengsevtr_%nswztlle&gf%bqe@ch}ramelpﬂmﬁrymgé\i@e sgqgence is

described. As illustrated in 9, a wreless transm ssion proce55|ng
program 310 |a§1dst@retprmr0élpnggrrmu$1160r3ﬂgb afedtd00alemnisi.sed in - 36-
10 The functions implemented by executing the

channel-coding module 312 are the same as the functions
of the channel-encoders 11, 21, 31, and 41 of the
mobile stations 10, 20, 30, and 40. In other worxds,
the channel coding module 312 applies the error-

15 correction codes such as the Turbo and the convolution
codes to the input binarxry data sequence sc 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 modulateors 12, 22, 32,
and 42. In 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 2314
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-



a recording nmedium 300. A wreless transm ssion processing program 310
conprises a main nodule 311 which superintends the process of generating a
transmitting signal, a channel-coding nodule 312, a 5 data nodul ati on nodul e
313, a spreading-code nultiplying nodule 314, a chip-repetition nodule 315,
a phase-multiplying nodule 316, a bandwidth-limting nodule 317, a
carrier-frequency nultiplying nodule 31837-and a controlling nodule 319 as
its elenents. 10 The functions inplenented by executing the channel-coding
nodul e 312 are the sane as the functions of the channel -encoders 11, 21,

31, and 41 of rtpetitDbh | @nstatins 30, 20, 39nd and 40in | Brathenddsds, the
channel codin% modul e 312 applies the error 15 correction codes such as the
Turbo and t hetB8nvE1iR | BAPS D t Bothbe | Fpat BATESdati B edgPREETEPR as t o

enabl e an exegyti of. L nngl - codi rLocgss at Jmhi L egstation.
The functions inp eneﬁpe§§%§ﬁgexecati%% tngedata n%dJP%??Bn nnhgﬁe 313 are
the sane 20 asumherf wafct repstiofidnze dat asnptol a&nabdelzhe22moB2le and 42. In

ot her mord§, t he dat a nodul ati.on dul e 313 enabl es at _the nobile station
an execution SFoFR2Y ProocEEE-Bte rrﬁngﬁl FIG Ehatine PEREEREMAt & The functions
i mpl enment ed byredeedihinged hehigS psrteadi. ng- code nul tiplying nodule 314 are
the same as the functions of the spreading-code nultiplying at the nobile
station as described abbbe. funcsipes ImBLGRented T e¥RFRESHeth®l ti pl yi ng
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repetitiofn, mgulg, S15.85fet G338 a0 e Luncld 093,90 1 e ¢hkR,

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 217 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-
frequency 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. 1In other words, the controlling module



-37- repetition units 14, 24, 34, and 44. In other words, the chip
repetition nodule 315 perforns chip repetition to the spreading chip
sequence for a predetermined nunber of repetitions so as to enable the
nobile 5 station to execute the process of generating a predeterm ned chip
pattern. The functions inplenented by executing the phase-nultiplying
nodul e 316 are the sanme as the functionr3gef the phase nultipliers 15, 25,
35, and 45 10 of the nobile station as described above. In other words, the
phase mul tiplying nodule 316 enables the nobile station an execution of the
process of malibi peyisiged hehevhiohe lst adtariospest f iegepliafey t 6 £t hehe chi p
pattern. The functions inplenmented by executing 15 the handwi dth-l1imting
nodul e are t h®T®&RESasLh h&aTidpkt | 6A3LEPLEHRS bghﬁm%ﬁaﬂ-]ﬁgt drstes, ofs, 3e,

and 46 of thepwbile. siald OR.AS crihed . olen Gisher s orisne
bandw dt h-1im thi ng érodﬁlg%lgoena%ﬁgs %lﬁéee narrgglgfe Olgt aﬁ%ﬁ ge ex%%luotnltsdn of
the process of 20 provi Hoagowebandhedtwiddlesti myarsmiheiphapeonubsingi ed
chip pattegn. The functions_inplemented b xecuting_the carrjer-frequency
il L1 plyi ny Ba0PE=16 1 e ee PR aRER LTI { el UG { ARSh that
carrier-frequenay @b mul pbpti®l sok7,thht Brogedd 44 afrahbRite&dl eigtation

as descri bed above. In other words, the carrier- frequency nmultiplying
nodul e 318 endbl EE2RHBRLTHIAT MRt Ht | §HCAN FxeB utTHFUBLCIFHEPTSY 0£€8] 6P

mul tiplying the €85l rEESAHRNCYyt Ouf hen eHHR DR €544 f ehmbhl RS iS3son. 30
The functions inplenmented by execu¥|ng the controlling nodule 319 are the
sane as the f@@HPEsStof U edntEr ohdleike 28ergBnalandigs gkcphdin®bil e

station ags  (including installation).

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 1is 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 1in 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 bhase station comprises

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

30



descri bed above. In other words, the controlling nodule -38- 319 enables the
nobi | e station an executing of the process of variably controlling the
spreadi ng factor of the spreading code and the nunber of chip repetitions.
Mor eover, the wireless transm ssion processing 5 program 310 may be
configured in a manner such that all or a portion of that programis
transmtted via a transm ssion nedi umsygh as a comunications line so as
to be received by an informati on and conmuni cati ons equi pnment, such as a
nmobile termnal, for recording 10 (including installation). Wile the
enbodi nent as descri bed above is for a case of applying only chip
repetition at the nobile station, hereafter the enbodi nent for a case of a

combi ned use of [chip repetitidn and transm ssiof 15 ﬁh%ppgfgggkrol S

described. (A gixth enbodi ment) INTEGRRERGNCEL i on of rangm ssi on
system according to @& ¥gh enﬁﬁgNﬁhﬁﬁggﬁégggﬁcr
transm ssi on syst R, [ 2408 H h ¢ o evi ously
descri bed enbodingﬂls, cgﬁ%ﬁ?ﬁeémﬁtﬁﬁbEhﬁ3@E%E|oﬂ?an M@E%gggTngﬂg bn, the
nmobi | e station Having the fun&tingEBFEREHBﬁ)repeth Rﬁ@ﬁtﬂf $si on
timng control. pr4¢u;—4n4uy;Juuug—4¢uL44umu4mﬂ_Lﬁ_iﬁ;Lim&uL4§2L44;1
conprises 25 thg functions of [a nulti-path intejReEvMENSe CFaMUETHRATHa chip
equal i zer, and g frequency-dofai n equalizer. A |sumiTyERBERENBESf unc{i ons of
the nobile statijon and the baseCOMEININUSEEHT dij néT tTdiE BASESXARIGMbLodI ment

is provided bellow. &EPLIED- CHP REPEATING AND (MULTI-PATH
TECHNOLGGIES TRARBMISSION INT ERFERENCE
TIMING CONTROL CANCELLER, CHP
EQUALIZER, FREQUENCY-
DOMAIN BQUALIZER)

5
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| NTERFERENCE | NTERFERENCE SI GNAL FROM OTHER. BY MULTI - PATH TYPE OF MOBI LE
STATI ONS PROPAGATI ON OF | NTERFERENCE ( MULTI PLE- ACCESS TRANSM TTI NG SI GNAL
| NTERFERENCE) ( MULTI - PATH | NTERFERENCE) REMOVAL OF MULTI - PAT H I NT
ERFERENC E COMBI NED USE OF AT THE BASE STATI ON APPLI ED CHI P REPEATI NG AND
( MULTI - PATH TECHNOLOJ ES TRANSM SSI ON | NTERFERENCE TI M P' C CONTROL
CANCELLER, CH P EQUALI ZER, FREQUENCY IN EQUALIZER) 5 10 15 20 -40- 5
10 Next, a configuration of a nobile station according to the sixth
enbodi nent is described. FIG 20 15 is a schematic diagramof a
configuration of a nobile station. A description of an operation of chip
repetition applied to the nobile station which has already been provided is
omtted In FIG 20, the nobile station conprises as 20 a transmtter a
transmtting-data generator 221, a pilot-channel generator 222, an adder
223, a spreading- code nmultiplier 224, a scranbling-code multiplier 225, a
chip-repetition unit 226, and a transmtting-timng controller 227, and as
a receiver a receiving-data

5

10

Next, a configuration of a mobile station
according to the sixth embodiment is described. FIG. 20
15 1is 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 1is 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 unit 226, and a transmitting—-timing
controller 227, and as a receiver a receiving~data
25 demodulator/decoder 228, and a transmission-timing
control information detector 229.
Below an operation of the mobile station is
described.
(An operation of a transmitter)
30 The pilot channel generated at the pilot-
channel generator 222 and the transmitting data
generated at the transmitting data generator 221 are

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



25 denodul ator /decoder 228, and a transm ssion-timng control information
detector 229. Bel ow an operation of the nobile station is described. (An
operation of a transmtter) 30 The pilot channel generated at the pilot-
channel generator 222 and the transmtting data generated at the
transmtting data generator 221 are added at the adder 223 so as to be

mul ti pl exed, and -41- then spreadi ng-codejoultiplying at the spreadi ng-code
mul tiplier 224 and scranbling-code nultiplying at the scranbling-code

mul tiplier 225 are perfornmed. Then, <chip repetition is perforned at the

chip-repetiti ofeh Wiiiecd2Ags0ods hR16enerals Ghe oambsboolbrshaped

frequency spectrumas a transmtting sighal® Such generated transmtting
signal is tramshkipkient 234 tafrahsm:r@rnm]glrtg—mqqig contrigliydédgatat héhe
transm ssion _tim ng contr 227. ggstransrri Ssion i mflfg 10 control

|
unit 227 cont PSFEPHEY LR mxlfj“tr’] WP n AT RTINS ¢ ¢ g si gnal s

based on the eppprtidp@etfitash the peansm&si an- tind ngheprtswdtiitiionr mation
detector 229 to be described below. (An operation of a receiver) 15 The
si gnal recei vEBiat 44k ABbId% §Patqe<§‘r$ra(°?heﬂ“r%céP%d tsioghapiapedi nput to the

recei ved dat a ¢ -deppduy atslel-de6Rdes 228 t%%n@mwu@ L asggcoded

sequence data after being data-denodul ated and da ecoded in a case of
the received gegrartedi fgaaspdttma siignal. Gs theammﬂértehianélt i a case that

the received si, gnggmt_)fsogn%gm&{qg' ld o@&réigngl Ehe R gﬁgn%w% t he

transmttlngtlmn rved 5|gnal
transm ssi on tiiming conitrel iwiiy MARVON The transmlSSlon timing

10 contrxrol wunit 227 controls the transmitting timings of
the transmitting signals based on the reporting from
the transmission-timing control information detector 229
to ke described below.

(An operation of 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 configuration 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



detector 229 via the received data denodul at or/ decoder 25 228. The
transm ssion timng control information detector 229 detects a transmtting
timng information fromthe received signal so as to report to the
transmtting timng controller 228 of the transmtter. Next, a configuration
of a base station 30 according to the sixth enbodinent is described. FIG 21
is a schematic diagramof a configuration of a base station. A description
of an operation of a nulti-path i nt er fet%ence cancel | er, a chip equali zer,
and a -42- frequency-donmain equalizer already described hereinis omtted.
In FIG 21, this base station conprises transm ssign-tim ng congrol
i nf ormati on gERETURRTY-£PRaing emyaliger t%’?ﬁj"-dé’i ofecTgERer ;%?ﬁelﬁz}sa_nd
processors 1JR:sdeddirough 113-n of nobile stations 1 through n. As the
configurations of the processors 113-1 through 113-n of the nobile stations
a through n are the sake, Faf.eXenpltiny ceadd garatiam obmphiesesy ocessor 113-1

10 of the nobjl tati.qn.a_is.described. .The _processor 113-1 of nobi | e
station a con%)rftsrzagl Sglslgg r 8ﬁm§%rfu|‘nr% cﬁggE%JSsilﬁgo?rﬂ%tclﬁ%ngeréeﬁ]’?ﬁsm&?fl ng data
generator 5114a aixbdramiaddag-3idnaindgasef£664 VDY, Pla@EeSStdtgksisbagt i ons  a
recei ved data_denpdul ator/ decoder 116 which removes 15 nulti-path

i nterference, LA3TecéFodBat B3 dendHuMEPdle Fd@dders1ile, threwd mepetition

reconstructi ogsunie 1d&dn £ g2 ilpcei y£d tﬁmiem'c]ﬁ&gaséégfse%9r113118_t}§?c!\%‘9{’ an

operation of the base station 20 configure escri bed above 1
descri bed. Thélsignalfs themmod leesptedtions mpbitheough ani oxee (fbbi | e station

a through n) Egrﬁg! Veaqx a&xé&?lary configuration of the processor 113-1

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 receilved 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
116.

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 undexge 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 stationsg

300 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



base station undergo at the correspondi ng processors (the processors of the

nobi l e stations a through n) 25 113-1 through 113-n the processing of the
received signals. The received signals fromthe respective npbile stations
a through n input fromthe processors 113-1 through 113-n of the respective
nobile stations 30 a through n are nultiplied with the nobile station-

speci fi c phase sequences conprised in thggm)bi le stations a through n so as

to undergo at the chip repetition recons ruction unit 117 an operation

whi ch -43- restores chip repetition. Hereby, such denultiplexed signals

fromthe resp 1,V bj S i . a through n_undergo the reppyal of
mul ti--path iﬁt%esrtfo%reggc%]k% tr%%%{’ elcoer}'veggﬁ%?%' dg%gul%mgﬁtfaégﬁ%%r 116 so
that the 5 tragisgrialtsi nfréhat &har erd @S EUGIR 160r s et st | 89 txSoulhe

decoded data sequence. On the other. hand, the received timng detector 116
uses the receiVed"grF8? HENnEPEOValLr aflnifttlédPRbM tiaderésperts vetnobil e

stations a 10 {{y oughe Do @SthO &é‘?io‘;cglrlg?cw?déj&%n | 99 Ofs ot hey, f e¢gEved

timngs. Herein, the detected receiv timng ormation is sent to the

transm ssi &n tirEnspicsangoldatianf aremirieccpngenectacr £t odMipustihg as

transm ssion tj,m ngecgﬁ&gr | . nfsor matni on such that the received timngs at
a

15 nobile stat?}bens roug R CHIHGEE with one another is gener ated such

generated transm ssion tinnithg cBMdrol handf ORABL i t¥tdivedentiniag he adder 115
so as to be added with_the transmtting data generated at_the 20
transmtting 2REGSTerator UBEE fidte t FRRRAYRS| BALPE tHe P flansnitting si gnal

generator 112.+d(6difR8BM £4d10the respective mobile stations a

10 through n so as to perform the detection of the
received timings. Herein, the detected received timing
information is 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 coinclide with one another
is generated.

Such generated +transmission timing control
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 base station,
enabling a further reduction of the effect of
multiple-access interference as the frequency spectrum

of the respective mobile stations becomes fully



signal generator 112 includes the transmssion timng control information
as descri bed above for reporting to the respective nobile stations. 25 As
descri bed above, in the wireless transm ssion systemaccording to the sixth
enbodi nent, nobile stations performin addition to chip repetition a
controlling of the transmtting timngs so that the received timngs at the
base station coincide when the 30 transngd4-ting signals are sent to the base
station, enabling a further reduction of the effect of nmultiple-access
interference as the frequency spectrum of the respective nobile stations

beconmes ful lyordfogH41h0goerl JMd haphienanobheren thegldRquensys axis.
Furthernore, at the base station, transmtting signals wth a conbi ned use

of chip repetition andtrtdhammersni st ofthei iasg cokatisinreceived 5 fromthe
mobi [ statiops. aLe il pLI gt ), Lhe Phasg,. seAugpges, cogg gspondi ng 1o

the respectivé no IONS Sso as to réstore the repeate hip pattern
to the origi nakpéoitidro dedultdtiepl exansrissilbe stymalss cobnunl heecesSpetti ve
nobil e stations. Then, those 10 depul tipl exed si.gnal s of, the respective
nobi | e st ioggomar eap‘B‘F%”e]aetStFﬁéorh%I BFEpdtH g?tléF er EBRCEPPER,  the

chi p equal i zekeqaagddie chieaueasyHOMBL N @RUaligfi 7% iddyisid ated in FIG
44 t hrough 46 ie% order to renove nulti-path in%rg{cf éLrence caused by the

mul ti-path 15spabpermtisen @f e DRdtancanths t repgateégnathivo pattesn reduce
(1 11 ot o (JULEADLEcL0LFEY U860 o] MR M U8yid NepfecBlyst ! The
mul tiple sigfiabmenald esespsdtiptd f yoDleof stheidase Thahi orchd@er ecei ver
confi gur afd Ond{eglz?%igfeéeod t Qggr(l:gf; i %'fr a{'Eljxeonrespective mobile stations
are applied to the multi-path interference canceller,
the chip egqualizer, and the freguency-domain equalizer
as 1illustrated in FIG. 44 through 46 in ordexr 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 othex
words, the receiver of the base station which performs
the removal of interference causad by its own multiple
signal enables a simplifying of the base station
20 receiver configuration relative to the configuration
which removes multiple-access interference from other
mopile 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 is
- 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



whi ch renmoves nultipl e-access interference fromother nobile stations. In
the wirel ess transm ssion systemaccording to the present enbodi nent, the
nobil e station conprises 25 a function of changing the scranbling code
multiplied to the spreading chip sequence. Bel ow an operation of the nobile
station as described above is described. In FIG 22, the data-synbol
sequence is nmultiplied at the nmultiplier 5242-1 with the spreading 30 code
generated at the spreadi ng-code generat_oqr 241 so as to be nultiplied at the
multiplier 242-2 with the scranbling code. The scranbling code used in the

mul tiplying of the scranbling code is used by -45- swtching at.the

scranbl i ng co?i‘é”sci}lﬂ"@hi Ay Coht r%‘FWW@ani EO9R5 SHH Lo Df CPﬁErE%JrJrQ%peci fic
scranbling cogde ¢ apdst he, UggL- speckhikc sonanbking; coderahb)iflg Rbgsent

enbodi ment, the scranbling code sw tching g%?t rol%i ng 5’3: uni tﬁg45 per forns

swi t chi ng baszt otheheussdat-epeall ficortqminbliggi rdagienat Imn thki chreéswsttr ucts t he
swtching of the scranbljng code. t he external .controlling,.information,
the cell - conf FHRTIEISHY /i n#%gnﬁf:ir&ﬂbf%agcaﬁogﬁg %W%c&rlnghecmrto?._l&ggl

envi ronnent amgh ¢ h@4510draisedswetdhiglyi b@sE@®Nbn OfheONex Béridle
cell-specific and user-specific scranbling codes is used in accordance with
t he i nf or mat i PSR 18 t HefrfierTof WhsFhuRpakEets] y Ihenfetitichg eobi | e

stations in age Uplenkscrahisequentad 0 Ghe &%aahkéﬂgalcoéenﬁyﬁjéﬂl%i ng, the

15 chi p-repeated sequence is output via chip repetition at ta reuse
unit 243 and imEormdtdion],yi Bee wiceh lthent phagd ioaqusrcamgéaenat ed at t he

mlb't: SI IStht izzgg,a§$ﬂfﬂg° oROASE IRYUGRLS: 192A8H At QL 133 RnERY! LR | g at the

10 isolated cell environment, or one of the cell-specific
and user-specific scrambling codes is used in
accordance with the information such as the number of
simultaneously-connecting mobile stations in an uplink.
Subsequent +to the scrambling code multiplying, the

15 chip-repeated sequence 1is output via chip repetition at
the data reuse unit 243 and the multiplying with the
phase sequence generated at the mobile station-specific
phase sequence 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 SF=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

-, “bl,17,
“bl,2", “b2,1”, “b2,2” ... According to the present

sequence “al,1l”, “al,2", \\azllnl \\32,2",



20 Furthernore, in the wireless transm ssion systemaccording to the
present enbodi nent, the nobile station 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
described, referring to FIG 23. In FIG 23, a nultiplying at the nobile
station of different spreadi ng codes haygy SF=2 to the different synbol
sequences of channels A and B, or 30 (al, a2, "') and (bl, b2, "') enables a
code- nultiplexing of the two channels of the spreading chip sequence

“al, 1", "al, Zemphoditeht, &2 r,fozm.mﬁ "of Bhig” n:ep@@rélon "B3: ek

Accor di ng to the present -46- enbodifent, a performng of chip repetltlon to
such code- mwdwmﬂe?dpdhkpdse@mcee@iemnnél smnaﬁ&ISBA(ém JB "x1, 2",

"a2, 1", "x2,2%, ) ena j, bl & Lt pI exing of diff channel S
within the coht™s % oot h* g gped ?B { t UM °BEST des go]terFe 2ha
nul ti pl exi ng, mbhieiel avngbeos f @i fgsaspt € chanaase Qflthmzﬂ tirR) eegbzﬂ@ mul tiple

dat a channel s in accordance with the data transnission rate and a case of
mul ti pl exing TP BT nBPe ™ cBeR 973 i n§OEhdMRel Sha®efurt hernore, in a

Wireless trangm SShikisuSt e ACCREGI NG torthe RREO! enbodisrent;, a nobile
station conprises a function of changing a nobile station- specific phase

sequence basedubviplkexioxt ennbtipleondats | |C|"mgnnni©r et | dcoxBelinow awd. Uper ati on

of the 15 nobj I £ i@l % éssngesscrol bed. a %{e}scr t i on .of ulhts RLQCess up to
chip repetiti n acco di hig 0 the°p pr esethet Bbduli ?ﬁ Wi &R Ré18ne as
t he process agcaiatiangchimwndlheanabedi sentr@blirld ushsmdedd in FIG 22 is

10 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 mobile station is described. The description of the
process up to chip repetition according to the present
embodiment which 1s the same as the process according
to the embodiment as illustrated in FIG. 22 1is
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 sequence 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
sequence based on that reporting information.
Furtﬁermore, the method of determining the mobile

30 station-specific phase sequence is not 1limited the
method as described above. For example, it may comprise
an aspect such that the respective mobile stations

autonomously determine the mobile station-specific phase



omtted. 20 In FIG 24, the external controlling information is input to
the nobile station-specific phase sequence generator 255 According to the
present enbodi ment, 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 the respective nobile stations enables a
determ nation of the nobile station-speci4ic phase sequence based on that
reporting information. Furthernore, the nmethod of determ ning the nobile 30
station-specific phase sequence is not limted the nethod as described '

above. For exappl.g,cdt b%yac%rdie%gm%@sgg%gguch that the respective
usl

nobi | e stations ™ autono etermne the nobile station-specific phase
-47- sequence by a predrkterdusgedbadt labdvAs descpirbed ahete,then ohdpr t hat

the chip- repeated signals at the respective, nmobil e stations be r t hogonal
to one anot heFSPREERS fsllé’(ﬁ‘égﬁcftdoﬁg?n,retsﬁécgl?’%cé‘lo\?é&etiﬁﬁar’?dgnit Q}?%e base

station of thershghahsl ibOMAdNENEEREEL IiVe FRDI IF@eghdldPNBNESH, t @he
coincide. Thus, in the wireless transm ssion systemaccording to the
present enbodiresaived hdipasgsstalt | bhecdmse sekatbionf upkt itde ofigrexlisor ming a

| oose transm tting timng. 10 control. of t re cti nobi | e.stations so
that the offsté:fjg\gat engr?ﬁ%e?%cveel vré‘b#?ri r%satégg héleégbifroe Cgf'%(ff% s are
contai ned to whtubi, n in ptedetweiraleed tirmnsmdiskienengateRel aworidiagconcept of
a | oose transm ssion 15 tini ng. control gegorrred at, the base station is
descri bed, ref&fr iNFIBFI %’-.“b‘?%.m%'ei Hhe f §RSEne TOYi (SPTRTISRS 2
description, tfh@ctdecgetofOpelostdly ORS loose transmitting timing

10 control of the respective mobile stations so that the
offsets among the received 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 is
described, referring to FIG. 25. Herein, for the
brevity of the description, the target mobile stations
for the transmission timing control 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 control is referred to a
loose control of transmission timing so as to contain
the time difference T~D ketween 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 dJdifference 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 a repetition pattern.

Such base station according %o the present



for the transmssion timng control are limted to the two nobile stations
of the nobile station 1 and the 20 nobile station 2. According to the
present enbodi nent, the | oose transm ssion timng control is referred to a
| oose control of transmission timng so as to contain the tinme difference
T-D between the received timngs 25 of a received synbol -1 at the nobile
station 1 and that of a received synbot4-2 at the nobile station 2 to
within a predetermned tinme difference. This received tine difference T-D
needs only to be a tine difference necessary for obtaining a

frequency- domeinBodOment hegabakst \a betdeenidrheofiolilee spwtralisnandleemy be
consi dered, for exanple, to be one or around a few bl ocks of a repetition
pattern. SuchPBasRehiies abEBrHis§ies t herifidesetitods- °&ntfd@ ment enabl es

a reduction of, oL rglbling | - fru n, poo b anseyssign timdg
control of theeg-?gg%ecti \E/he rm%i Isg@a;ttlgpl\éoﬁ?gﬁl e g?lloﬁ]ngb?or&t he{tigr]re
di fference T-Bidferbhrce e@eDvedlf t ithiengseces vadci tiamitradsl.y, in a case of

applying the |oose transnission.timng control as descri.bed above, there

may be a cgse in which ﬁ{iﬂﬁ%ﬁtea-rl&é’ces%‘g int &7 er 8§ceaprpa B8cuf"as an of fset

of the receivedosti ntfggsrasBAgnt e riply | €ost il oas alesthebbasabsiati on 10

causes the fre%uency-donai n orthogon_al ity of the cth- repeated signals at
T

the respecti vél#BBi %t 88i chs 88 b | BREC! TRUS TIPHTHE AT el ess

transni ssion 3yskerrascdr diapy dQdhespr esenbresbodirenthe t hecabhid e station
conprises a function of adding a guard interval so 15 that the chip-repeated

transmtting $igaagsaranang | fhe omohédenatationie &% e§hendpsgonatatidel ow an

operation,, causes 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 1s 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 loose transmission timing control,



of the nobile station is described, referring to FIG 26. In FIG 26, an
exenpl ary 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. Wile the base station receives
fromthe 25 respective nobile stations §ﬁ§h si gnal having the guard
interval as descri bed above added, the chip-repeated signals of the
respective nobile stations are received wth a frequency domai n

ort hogonal 1ty cuhenci e Ueem, 1 0L8008-T-0:0L bhecfegel tod Lhgs,ue to

the 30 | cose fransm 3&i on ti11 R Control is s atlve t al

| engt h T- G of ihkeryimy d aitnt €he amobpéher attedloasthlescgluabed aheveall rasot her

wor ds, even | se @& applying a | oose transm ssion timng control, -49-
reduction of FFFSP%d Q¥E-interference is enabled by inserting at the

nobi | e station the guarghith&imwile asthdenepi Ped saR@yen R thesamingey the
nobi | e station as described 5 above conprises a function of setting the

| engt h of 2 thebewepcempekassd ahipngddoar rrf oAgetinthatheheemiorh aff fference
at the base skﬁglqgu_,géy%aEggeuﬁggédECIn ?% %?g Qgggeqﬁlve b|Ie

stations froma point Vi EW 0 s0cessnt & er ence.
Bel ow an 10 oﬂefﬁére:mc@f atthethn@blblaeestsattatdbnl sfdesder | beckivedf etimivggs to FI G
27. In FIG_ 27 qgannblle stfation_ s ts the chip-repeated.chip pattern

length T-5 "t 0%e “R%uf FREPERETYR | BIRGELet AR CLARS t iTRO™di # f 8PéREe OF D of 15 the
recei ved tim Rgswatot hecnespeSt imta tIPDE £ &lal | Oerference. Below an

10 operation of the mobile station is 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 Ais
enabled. Furthermore, according to the present

20 embodiment, improvement in transmission efficiency is
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 851, 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



Her eby, reduction of the effect of |osing frequency- donmain orthogonality of
the signals of the respective nobile stations and of nultiple-access
interference is enabled. Furthernore, according to the present 20

enbodi nent, inprovenent in transm ssion efficiency is enabled by not
performng the inserting of the guard interval as illustrated in FIG 26 so
as to reduce redundant data. Next, a spegific exanple of the transm ssion
25 timng control performed in a wireless transm ssion systemis described,
referring to the sequence diagram in FIG 28. In FIG 28, in S51, the

signal s for mﬁgféfr!”ﬁ& _ f‘&sﬁ@@ti%eméﬁf‘%ogtégg?ﬁ%"ﬁ e7@Lflf CUERAGY aTBNg the 30

respective ile stations 70-1 through 70-n o received timngs are
transmtted fsomdsetrespeEctinee thebireeedveadi orisings 1 dfhrdugh 70--n. The
base station _100 receives t?e signals as described above transmtted -50-
fromthe respEEEPSE-HEDI PEPLLGL iTHE1985-1 through 70-n so as to neasure the

received timngs of therprespectiye maBEl &&dbhonsnd NeSrButdde thase station
100 conputes the 5 transmtting timngs of the respective nobile stations
70-1 through TOERSBbtEiRg thvirgeeiofedtihs nirRrgBe6tivhemobekpedtialdonshi | e
stations 70-1-fhgough. n ¢pinci.de as, Lo transpit . .gn orting
t hese transn??t?ng tfhg%bs§§éptﬁg f%ggécﬁp%el%§%ﬁ?ghs€%$§8 s 1 73ﬁ

t hrough 70-n. réhpecespectrobrélapbitdarishat i Thsl 78htougnd 706 n cdemeddeat e t he

signal as described abhov rengrted fromthe base station 100. In 553, the
respective nDSPIeaﬁtSPio an%&%%.gh?oﬁdﬁn? - T HPETRPt Y96 Ssi gnal s based on

t he transmitting timings to the respective mobile stations
10 70-1 through 70-n. The respective mobile stations 70-1
and 70-n demodulate the signal as described above

reported from the base station 100.
In S§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.



15 transmtting timngs obtained after denodul ati on as descri bed above-

Her eby, the base station 100 enables reception of the signal so that the
received timngs of the signals fromthe respective nobile stations 70- 1

t hrough 70-n coincide. 20 Thus, the base station 100 according to the
present enbodi nent generates the transm ssion timng control information
for the respective nobile stations 70-1 through 70-n based on the

di fferences anpng the respective nobil® 5ktations of the received tim ngs.
In 25 other words, a setting of nore coarse resolution of such transmtting
timng informati on enables inplenentation of |oose transm ssion timng
control which handl es &8 ¢isscaibed @#Poxest ephe i Resepsitatioh. On the ot her

hand, a setti finer. resol utl 3 Lnf or I n e
transmtting 9?%?%8%*50 Se §$%p§%§g88§oE%ﬁ%gﬁgégécfggékgg%glghgtations
enabl es an | fphentoh atdfonmedsuwmirgy Sthié ctrelckansdi sdmangéi mfngtheontrol . -51-

As descri bed above, {he ba%e station according to the present. enbodi nent

conpri ses t he*SPRACEI®RH GPPMbEs i3t rAe T¥cer FBYHINE ngEabi™ 576 0 espect i ve
nobi |l e stafiorRSnigh repRAtIINGidfARSNESS Ofb SthimMngpeeni+o! nopfoemation to
the respective nobile stations. As a signal used for neasuring this
received tinistgtianpil s skgridlgnady Wredohst deicéguring ofthép mRmedyedusi ng
A i eI
signal a pil ebrdeannedingaving wvikedess anplansmdesiord phaten saccasdimg perform
chi b, repetition. el ow.Lhe rethod oful the! exing the pilt ehamnel at the
mobi | e stati off P ‘ < € t pPrises
10 a function of multiplexing to the transmitting signal
a pilot 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. 29 througﬂ FIG. 31.
15 (A first multiplexing method of pilot
channel)
FIG. 29 is a schematic diagram of an exemplary
embodiment 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 input 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 methed of pilot
channel)

FIG. 30 is an exemplary embodiment in



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 pilot_ synbol sequence input port are
tenporally switched at the switch 260 ¥ 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 generated at .the spreading-code generator 261. Thereafter,
as described 2akéP€, Str &51L88IEEdSIRIPERPEY iR e3AdREhiGPIEpetTt fon  are
performed so o] :¢REp=T epe qugpces | cond

mul ti pl exi ng %%oéggpﬂglil ?a%%ﬁéﬁﬁgﬁ? IE:\aI Gé£§% isyg%@exerrpl %r ﬁe%’godi ment in
-52- a case ofthasslgnitmgnainiftermnt aspridadi ngymioales sbo a8  dat aadwannel
transmtting a _data synbpgl and a_ pilot .cha I ansm tt) a_pi.l ot synbol
so as to c‘oder-“uﬂﬁr’?]ieﬁ%/'exgsAslr}%'ﬂsﬁﬁaipﬁéedlq nPlﬂﬁ?Gg({%’O, %{Pﬁe Cga%‘ga %X/r%otc% 5 i nput
fromthe dataigymolfreaquense dafRutsya®cl agshuddie pihgdt sypebel dngput from
the pilot symbol sequence input port are respectively nultiplied by the

di ff erent spF’é%diPng@od%?b%ré“EBEciffrPE‘aI‘Fl’y% PheCHatYTRPHhoiequence

mul tiplied by;the-s di cQ t.ed ; r in—péj%
gener at or forl at a g{?%‘%ol%?l \%ﬁ??geﬁ%fp?\?&{é%%gl E?se@rril%l t‘lgjf)fl e rioty t he
spreadi ng codepreediorat eddas. t Mersprpadi hicxldde gther aage fsrmbwill ots

multiplied by the spreading code generated at the

10 spreading-code 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 frequency-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 284-1 and 284-2 so as to be

multiplied by different frequencies (in this case, f1



synbol 272. Such spreadi ng-code nultiplied data synbol and 15 pilot synbol
are code-nultiplexed at the adder 274 so as to undergo scranbli ng-code

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

met hod of pilot channel) 20 FIG 31 is an exenplary enbodi ment in a case

of assigning different frequencies to the data channel transmtting data
synbol and the pilot channel transmtting pilot synbol so as to
frequency-multiplex. As illustrated in-BgG 31, data synbol input from data
25 synbol sequence input port and pilot synbol input frompilot synbol
sequence input port are nultiplied wwth the spreading cbdes generated at

the respectiveypgpreadi %&pd%ge&gﬁ@m S 2481 A A neSInd1t A fexdul 44 pl i ed
with the scranbling codes generated at the 30 respective scranbling-code
generat ors 282the apddes2-285 &pd tohNgputhipsrepeated at the respective chip-

repetition units 284-1 gnd 4-2..s0, as,. to be__nmultiplied di fferent
frequencies (in this cagg, %gsgiﬁﬁeqan ?%52 ?ﬁ%?F%ﬁdéhsgﬁbo S are
frequency- nul ténbexednat 4ddeiaddetr2Gh f on QuUiGPUt29 nghréegilesaesi bed, above,
according to the enbodinents as illustrated in FIG_ 29 through FIG 31, 5
t he nobi I e3st attonTREFEE pIedd OPhd i 1B ¥ Bainiers Rblofs Feappisy 8hip

repetition to genepatgiRe eamp theshared f4SMIGRGY Specthmn Hereby, an
arrangenment of transmtting signals fromthe nobile stations to have a

f r equency- donmatecBrtshepsedal Fraquencenatpesdrund Nszsdyer , amt ar handesatst at i on,
a measurement of the,ofeeelNed st LIYS Qb NS, SRBSCLd Ve IPRLL e ghations

have a frequency-domain orthogonality is enabled.

10 Moreover, at the base station, a measurement of the
received timings at the respective mobile stations
using the pilot channel as described above is 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
FIG. 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 296 so as to detect the received

timings of the mobile station for the respective paths.



using the pilot channel as described above is enabled. Next, a nmethod of
nmeasuring the received 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 descr,jbed is described, referring to
FIG 32. In FIG 32, the base station generates a signal by nmultiplying the
pil ot synbols corresponding to the respective nobile stations generated at

the 25 pilot-synbol pattern.generator 291 wth thg spr i ng. code generated
at the spreadilé ﬁg%de%égnﬁaa Sr 3, reiﬁﬁf?ﬁi n&och pe-réggss ?Jo‘ﬁe at the

chip-repetitiorankmittiadd, s achimul e et tle dMbi besst ath@nofpasiaf i ¢ phase
generated at the nobile station-specific phase-sequence 30 generator 295.
Correl ati on ofi&iR¥FEHenBFaRdFREiPnarouvRth HasekBcepydBRAYREEN s @0nput ed

a e Lcorrelall onanseat ai dGesooascho dulagbobe TRaRIECG I ngs o

the nobile station for the respéctive paths. Herein, 't S are
referred o theinespbet ipiclott r ahsmmal | g serpidles reosi véd at theebaske
station via dif{erent propa ation.routes. Hereby, a neasurenent of the
recei ved ti m fFR-69 hé ?Bsp%@telt\ll@l%bi le stations 5 using the pilot channel

is enabled even in a casktof +BEPIMHBEILERD r@peii idage. MNexbertEbememdodi ment
in a case of performng, the transm ssion timng control of the respective
mobi | e st at i oRBe by-T3&SAGSEhen dddBéPEd FuEIdedP i ARG ERPeSTtivRe nobil e
stations as dgsg{ided(ahoygsi HydessiiPedne detected received timings
10 of the mobile stations as described above 1is 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. 33, 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 egual 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 mobile 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



FIG 33 is a diagramwhich describes a transmssion timng control in
accordance with the received timngs of first paths of the respective
nobile 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
received- timng detector 297 as illustrated in FIG 32. 20 According to the
present enbodi ment, the base station debécts for the respective nobile
stations paths conprising received power above or equal to a predeterm ned
recei ved power as effective signal power path. Then, based on the detected
result, the 2%drahsnimsisentt i enbrglimentr ctndkd eserd osnpyrssxtert hatf tiiee first
pat hs of the respective nohile stations are ecei ved_at the same tim ng.
For exanpl e, a%fsf%q ugfréf’tug&lPﬁeT?l%cerSisghf‘nB‘B’F{?I&?C& HaE %g},'elfhe
transmtting tidpings sfativhd espesidMey Mebi l@eSt 4119130 s controlled so
that the received tin‘ing of the first path of the nobile station 1 and the
recei ved ti nmfkpenchecpmast gathoaenahictyobitle $hapi oreERtigépAckde. In

ot her words, lagrg}ggﬁ.ﬁ.&n%; a%%intg%&ﬁpg%gm-nﬁﬁmf tggnp{:@lshent enbodi nment

enabl es a suppression ect I pl#e-access interference from
other nobile stations &bddrdiamgcteet ef pmeasupirgg ofhe f regaévneg- domai n

contro - vihi 1 4D BrOREaEl | RS B ade (TGS rom he Tespect v
nmobi | e stati ongetsamndsel othdebabohbe dfhecanbrbill ioh cont kak! iviGgnehitbeon
transm ssion timngs fromthe respective nohile stations based on
timings from the respective mobile stations based on
10 the 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
mobile 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 xeceive the common
pilot signal so as to determine the transmitting
timing based on that received timing.

In 562, 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.



10 the neasurenent result is described in the enbodi nent as described
above, the wireless transm ssion system according to the present enbodi nent
conprises a function of autononmously determining the transmtting timng
of the own station- Bel ow 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 common pilot signal transmtted to
all nobile stations. This comon pil ot %5@ﬁal is 20 used for such purposes
as the estimation of the received power at the nobile station, and the
estimation of the change in the propagation channel. In FIG 34, in SGL, the
base station 100 transhi¢sPrReceb opiimgRtsi gRatke o thige medprkt ple 25

bl | e statl opfie TGrh i QU90, TQihindNC I RARACT LY e JTRRLE S, ALt L AN 1) 1
t hrough 70-n receive the common "pifot signal sSo as o deter mne the
transmtting 28| mamgptlaseda ositnbal fyeei wed then nonfiguriEGA onsheof especti ve

nobil e statiops_70- 30 _t hrough. 70-n.transmt the sign at the
transmitting g??ﬁiﬁ;aﬁéFErﬁFﬁgdtgg TS o e TBRRS, '%gethe base station

100 recei vis tbRtidéN Yy ceDghl | edrsi gigd s ingOMnd hersespeetinge nobile
stations 70-1 through 70-n. -56- The present enbodi nent, unlike the nethod
of the transnits8ieds t iffongezdnt L6l Ee | FReReFEIvEd ToPHKG staBiornhabl es a

S Loy 10 bl SO L atscnl ddenobiseal op el
fed back to thendespedct i vemeohiilféesérate oITsD famumg hehdasebsiati on i s not
needed. On the othgf. Nandpdhe tLi g ifigngnce TP amng &he 1aoile

10 be larger relative +to the embodiment as illustrated in
FIG. 28, 1is considered to be applicable to the loose
transmission control used in the condition in which
the cell radius is small.

(A seventh embodiment)

15 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,

20 applying the transmission timing control so that the
received timings at the xrespective 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

25 is provided below.

30



stations in the received timngs, while considered to 10 be larger relative
to the enbodinent as illustrated in FIG 28, is considered to be applicable
to the loose transm ssion control used in the condition in which the cell
radius is small. (A seventh enbodinent) 15 A configuration of a wireless
transm ssion systemaccording to a seventh enbodi nent is described. The

W reless transm ssion system according to the seventh enbodi nent, as in the
si xth enbodi ment, conprises the nmobile-§fations and the base station, 20
applying the transm ssion timng control so that the received timngs at

t he respective nobile stations of the paths having the nmaxi mum receiving
power coincide. A summary of the functions of the nobile stations and the
base station accqrding to the seventh enbodinment 25 is provided hel ow 30
-57- | NTERFERENCE S| GNAL FRONNOEREER ENTERIGHRENERDMIBT HER
ULTI - PAT H TYPE|OF (| OULTI PLE- ACCESSOEINE SRAERBNEE) PROP
| NTERFERENCE TRANSMVBENSE | NTEHAETRENGE GOS0 INTERRERRNNEE

UM

RECEI VED FROM OTHEREQVERAME B E UAL OF
MJLTI - PATH APPLYI N3 OF STRI i %ﬁ -HE
BASE STATI ON ECHNOLOE 6 TI'M ey I- o LLER,
CHI P EQUALI ZER, | EREQUENGY~DOMALN EAl2En | 5 ,
REMOI\‘@L OFEEEELTIEPATH
ERFERENG
APPLIED AP%\;{E&FSSIQ;IOT AT THE BASE STATION
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CANCELLER, CHP EQUALIZER,
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10 15 20 -58- Next, the configuration of the nobile station according to
the seventh enbodi nent is described. FIG 35 is a functional block diagram
which illustrates a configuration of a nobile station. 5 1In FIG 35, this
nobil e station has the configuration with the chip-repetition unit omtted
when conpared with the nobile station according to the sixth enbodi nent as
illustrated in FIG 20. Thus, herein sggﬁ_description is omtted. 10

Mor eover, the base station according to e seventh enbodinent is
configured as in FIG 36, for exanple, the configuration having the

chip-repetition wunit opitited . as co red with t se station agcording to
the sixth enbodi ment asH]?i‘fUSt _e‘aon‘? gufg\énl]—:i’ﬁ ‘%ﬁg ud® ﬁi?eis‘rltag:.ﬂl(?ﬂ
description i gcepirtied. Hoh the Weh@hess diiRasAbesi AR Sysi@mMmecorgdiqg to

t he seventh enbodi nent, the base station perfornms a strict transm ssion

timng controPdfishe Fespééerak DbiobK| dingaamorndhisd t hhtvstHateece ved
ti mngs of th?:,o% igﬁEQ‘éi&?mrfi si ng‘ogq%na%ga@igh{ecei ved power at the
e e re

respecti ve nobi tatrons coincide. , a reduction of multiple-access
i nterferente caused by fThe FIfaxi &b rehdei verbijewestaidrs bds otther nobil e

stations is enahled. reover, the multiple interference 25 canceller, the
chip equali zerc,ongﬁgu‘fﬂgg?rf e(‘j’&@hcyah%nﬁ*‘ﬁp_’é?ﬁfﬁ:ljitigp d8%Y |ustrated in FIG
44 through Fl Gmi4@edanmePplbmsatay i ki enf amanchowie t 9rhforPWacEstdnghave
caused by interference fromthe C{)at hs of other nobile stations having -

non- coi nci denttor eEles vaed xthni i dimengbyas illustrated in FIG. 20.
Thus, herein such description is omitted.

10 Moreover, the base station according to the
seventh embodiment is configured 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 frequency-domain
equalizer as illustrated 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



30 a reduct iﬁcﬁ)wru;pof the effect of interference is enabled. Next, a specific

exanple of the strict transmssion timng control perfornmed at the wirel ess
transm ssion system according to the present enbodi nent -59- is described,
referring to FIG 37. FIG 37 is a diagramwhich describes the strict
transm ssion timng control between the nobile station 1 and the nobile
station 2. In the present 5 enbodinent, the strict transm ssion timng
control, as illustrated in FIG 37, reféPs to performng the transm ssion
timng control of the nobile station 1 and the nobile station 2 so that the
time difference T-D between the npbile station 1 and the nobile 10 station
2 in the receilfediesFH S of TERCHDE ntith Bi&cei ¥&d power paths becones

almost 0 (for exanple, pthe delay tipge %}H eLancs }—elgclg%g;?e_ncgehe recei ved

synbol i-1 of the nobile station 1 and the recerve synmbol i-2 of the
nmobi | e statiost2ics setarnsmilsesibesstitfinighanowrrdquabtvecronehtounddilef t he

chip length) s as _to coincide the received.ti mpgs_at the base station.
In other word$ 24¢%Phet b&% sﬂée_tig‘ﬁbb@?féflﬁglo’f‘h 'ftrg?usrﬁ si BFF 5 ng
control sosthahdoRgmegeei ek  ELAIANYS thhABmi 8 JPbELRI &Y altbanrd) andsf rom the
nobil e 20 station 2 coincide, a suppression of nultiple-access 1nterference

i s enabl ed by iddusitagtede igi ghaFs RBdvi ntefetfe samperdesimied tthei ng from the

nobile statio ] m. 1. bi t.at i pn or na en the
spr eadi ng coder%sgaélgg‘?ggégﬁo %l%gnggbéi%%%tlat{)gn t%eand&gg'%t h%t%\g i etﬂst ation 2
are orthogonalarcbodtke rmelritlleerstaatdon N2t ke wihet eshet raivsm dsfDerersest em

Focording 1o, te Phergil, SIRCLTRL. (DEIER ¢ SIPULRD samRALees 3
10 station 2 in the received timings of the maximum
received power paths becomes almost 0 (for example,
the delay time difference T-D between the received
symbol i-1 of the mobile station 1 and the received
symbol 1-2 of the wmobile station 2 is set to be less
15 than or equal to one-fourth of the chip length) 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 mobkile 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 mobile station 1
and from the mobile station 2 orthogonal when the
spreading codes applied to the mobile station 1 and
25 the mobile 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



code nmultiplied to the spreading chip sequence. The 30 nobile station as
descri bed above, is configured, for exanple, as in FIG 38, having the
chip- repetition wunit omtted as conpared with the nobile station
according to the sixth enbodinment as illustrated in -60- FIG 22. Therefore,
herein such description is omtted. As described above, according to the

wireless transm ssion system accordi ng £ t he seventh enbodi nent, the
nobi |l e station enables an om ssion of the chip 5 repetition process by

applying the strict transmssion timng control. (A eighth enbodi nent)
VWhile in the sixth_enbadi ne as descr.i bed .abqve an exenplary f.orm. of
removing the ?t‘%(erfzgri gglerf%toﬁegngl‘e?%‘m B‘t‘%rgﬁﬁﬁﬂ'%tilsofht FBns™ i fda

conbi ned use of the chips rapstiiven aBdvéhe skkangigsicen thdn Rgretopd rol and
in the seventh enbodi nrent an exenplary formof renoving the interfering

signal from otheRsmifsBione sYatsronachprdppdyiteg the sevieatht remeadisensn 15
timng CO””OJ%@ ?no%?.?g“él%%ioﬂ WS8R LEangs §§6z?”ofsy§ﬁeemc%§§9rd' ng to
t he present enbodi ment conprises a unctron of “variably ¢controlting the
nunber of Schi pepetepetdrt | pnscasal biie agplgdadiongifeacsoridiasedansmidieion
control ling ipformation reﬁorted fromthe base station 20 in a case of
appl yi ng chi p~+&p¥ i tP8R*3hd transnission timing control in an isol ated
cell environment. FIG @9 ksghtischematigesityagram of an overall
configuration of a wireless transm ssion systemand a configuration of a

nobi | e station accordi MP¥E t e Xheprebert  embedinanit . aThéles6atbed| er 58
P ooy SETET S PEEAC 5 ABlabon YA A o 101

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 contrel 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
controlling information reported from the base station

20 in a case of applying chip repetition and transmission
'timing control 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 is 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



spreadi ng factor based on one of the controlling information indicating the
nunber of nobile stations 30 (nobile station 200 in the present exanple)

si mul t aneously connected to the base station transmtted fromthe base
station 100 as an external apparatus, the controlling information

i ndicating the -61- power of interference fromsurrounding cells, and the
controlling information indicating the propagation channel conditions (for
exanpl e, the number of nulti- paths)- MPé-specifically, the process is
performed 5 according to the flowhart as illustrated in FIG 40. Besides,
it is assunmed that the controller according to the present enbodi nent has
al ready recei \Bewefr gpf tLhEchhEEEISat £60M 1COTRENdbRT r sellilfg iaffdor Bagi on

i ndi cating the, i cel | i . . Bel a rati of the
mobi | e stati oﬁcoﬁ%gggfg?i ga °§‘@%§£‘9’?gq§§%8%?%’§c§ e gﬁﬁlfq%ﬁag’é‘ttégﬁhe f1 owchart
in FIG 40. (XhaAnedsecwiditidneatfog telkeampliaberthef nehyad t afeomudltyi-accessi ng

users 15 Besi des gn FI G 40, thqe. n ritéer of users and . the nunber. of nobile
stations have BESsamd HeanFRECL 14 . 4BN€| RT89$SS{ HE BT i ™cat i on

receives the nit¥aensiah nebi kgeStalheRarwi (Y niiheseiadat ed gell 40,
si mul t aneousl y-connecfed to the base 20 station so as to determ ne whet her
t hat nunber ofBesigBil e Bt atporsssawededshat pitedetaomtineéder hrassiesHédngal ue.

Nt o 2 T s P e L TP oBLRLL B0 a2
nunmber of 25 sthall baseoushyiescald nghelsebatrblbige iinfbFddtidhe vari abl e
control I'ing Vwﬂﬁﬁlcg@ﬁkgaﬁﬁiatggo‘¥H§frcgil environment.
10 Below an operation of the mobile station as
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 871, the mobile station
receives the number of mobile stations within the
isolated cell simultaneously-connected to the base

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

25 simultaneously-accessing users” (large 1in S71),
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 is performed. In other

30 words, in an isolated cell environment, with a large
number of simultaneously-accessing users, the number of

simultaneously-accessing users is made frequency-domain

orthogonal so as to reduce multiple access-interference.



chip repetitions while decreasing the spreading factor by an anount
corresponding to the anount of the increase as described above is
performed. In other 30 words, in an isolated cell environnment, with a | arge
nunber of sinultaneously-accessing users, the nunber of

si mul t aneousl y-accessi ng users i s nade frequency-donmain orthogonal so as to
reduce nultiple access-interference. -62- Hereby, high spectral usage
efficiency is enabled. On the other hand®2-noving on to S73 in a case that
t he nunber of nobile stations is determned not to exceed a predeterm ned
threshold value (small 5 in S71), the variable controlling which decreases
the nunber ofexdbyp riEpeghi tdpmetwhill easdeer eaffing dnlog  Spr eadbhed f act or by an
anount corresponding to the anpunt g;a%he decrease as descri ped above is

performed. In other word<hs nOBReT s ed "OSEPIeRA r BANEE, the210 ef f ect

of multiple-acgess thakerfid eRGRLEECHTESnoB £l AL svet YoriyTaL s ekl Rieml | er
nunmber of sinmul taneousl y-accessing users. Therefore, an increase in the

spreadi ng factet &mabtese¢dproverssdtnteaminge thaeshped evedupmismiady so as to
achi eve higher, SReGyr al 45138081 &1 LGLEOEY 0d 2hnhpase LB ¥l clyLh

e
controlling inf tion from ase'’s I'on” i ndi cat es e power  of
i nterference fiuares hefsuwhimndepngtceldrs. whilé| Gec48asimg S8he t he nobil e

station 20 receixgﬁ}thg igforgption i ndi c tin%.the ﬁmer Ievg%lof
interference PPOMSUT obAGFRY &1 18" s6MdE 1 FdeFEPH I EP he St hat power
level of intend@ienee fee YebkedBdi NG CobisSryredsove REedalSoFnead
threshold value. Moving on to S82 in a 25 case that the power of

interference iﬁomt@@ﬁfr OW.?]Q in an isolated cell environment, the
10 effect of multiple-access interference becomes

relatively small with a smaller number of

simultaneously-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 surrocunding cells.

In FIG. 40, in 8581, the mobile staticn

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 increasing the
spreading factor by an amount corresponding to the

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

an increase in the spreading factor increases the



cells exceeds a predeterm ned threshold value (large in S81), the variable
controlling which decreases the nunber of chip repetition while increasing
the spreading factor by an anmount corresponding to the 30 anmount of the
decrease as described above is perfornmed. In other words, in an isolated
cell environnent, with a larger power of interference from surroundi ng
cells, an increase in the spreading fa% or increases the -63-

nei ghboring-cell interference i munity- "Hereby, higher spectral usage

efficiency is enabled. On the other hand, noving on to 583 in a case that
t he power of interference iiom surrounding, 5 cells is determ.,ned not to

exceed a preddtEFHRHERI AREShAFFSTAFEENES MR AL B 1 fISFRRY v afiighies

control I'ing wh&deddcr gasgs theipushey ok chidbidqepetitions while decreasing
the spreading factor by an anount corresponding to the anmount of the

i ncrease as 10 descri bér dbevectierenhpnéd. MoNinghemn woe d<$83i nian 2 i sol at ed
cell environ h f f i-ntra- I | tinple- j.nterference
”?é‘ée 355k R n}gelf | B5LeP olfevﬂérfteg.fflere I U R ngzcxeo?t%dﬁge

is predomnant - with a power intérference from surroundi ng
cells, a reductllm iof dutéipiredacoess tiontexdesdnae predfeenabé@d by setting

a nunber of sinulta eouslgléaccessirg, users fre uenc%/-,domai n orthogonal .

Hereby, high SPeethdd valge deFfpiterddy $&llkenabiled. vA=dPAScase in which the
controlling &&doFdmitingn ‘f.vl'ipéﬂtf‘iﬁcP@§§‘e§tQBE0rhdn@ﬁirca$§5ckhJ% 20 propagation

channel conditions (such as the nunber of nulti-paths) In G 40, in 391,
the nobil e staePoRitianse) vekle hderntasing | Shei ridircadiing tiestoropayarinon
channel Condi%msgggrg§p5ﬁ1&ﬁbun@gr t%fe pgrﬂnnﬁqtsoo§s the increase as
10 described above is enabled. In other words, in an
isolated cell environment, as the effect of intra-cell
multiple—access interference is predominant with a
small power level of interference from surrounding
cells, a reduction of multiple-access interference is
15 enabled by setting a number of simultaneously-accessing
users frequency-domain orthogonal. Hereby, high spectral
usage efficiency 1is enabled.

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

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

In FIG. 40, in 891, the mobile 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 value. Moving on to 892 in a
case that the number of paths exceeds a predetermirned
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 words, in an

isolated cell environment, with a large number of



25 to determ ne whether that nunber of paths exceeds a predeterm ned
threshold value. Moving on to S92 in a case that the nunber of paths
exceeds a predetermned threshold value (large in S91), the variable
controlling which decreases the nunber of chip 30 repetitions while
i ncreasing the spreading factor by an anount corresponding to the amount of
the decrease as described above is perfornmed. In other words, in an
isolated cell environment, with a | arge-auwber of -64- paths, an increase in
t he spreading factor enables an obtaining of an increased nultiple
interference imunity. On the other hand, noving on to 593 in a 5 case
that the nunbgstied, pahhsinsraigteer i nathenofpiaadieycetsti@ pradsl € maned
threshold value (snmall in 591) the variable controlling which increases the
nunber of chPBLREPERT t PEnsSWhiNer etetaBrhbiRife PFRBEFTRISCactor by an
amount correspanding,to the anmount of the 10 increase as described above is
performed. In other “words, in an isolated cell environnent, as the effect
of multipl e-access i nt e etfencether otmesdr, elmxtviingl yor atge S38 t hna asnmal |
nunber ofspat S, a reqycﬁion of . nul ti Ie-%gcess i.nt erf.erence is_enabled by

s - akTE

h
setting a°15 hnunber5f- sHitl PAIRGhs| $itty GERTEFSE Rty tdonai n

orthogonal . Hekebyd hi gprspeeirmdhetsagarfilal anoyd S (siabl ed. dovythe
enbodi nent as descri bed _above, while an exenplary aspect is described in
whi ch the 20 FBEpethiipdlset BT OlALBEmatiGh | ek eRSesg R BEFPer e®fi r onnment

and of informehign JpdiGRELAG LAG1BUMRRI sinySat SPFRPMRS Blctor
interference fromsurrounding cells, and the“propagation channel conditions
are indivi duabyy an amount corresponding to the amount of the
10 increase as described above is performed. 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 is enabled by setting a
15 number of simultaneously-accessing users frequency-domain
orthogonal. Hereby, high spectral usage efficiency is
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 interference 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 powel; of interference from
surrounding cells, and the propagation channel
condition is received when the set of information
indicating the cell environment is received.
30 (A ninth embodiment)
While an exemplary aspect of wvariably
controlling the number of chip repetitions and the

spreading factor at the mobile station in a case of



received at the controller, it may of course conprise 25 an aspect such that
the set of information 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 cell environment is
received. 30 (A ninth enbodi nent) while an exenplary aspect of variably
controlling the nunber of chip repetitions and the spreading factor at the
nobile station in a case of -65- applyrﬁg%bhip repetition and transm ssion
timng control in an isolated environnent is described in the eighth

enbodi ment, in the wire]ess transmssion system ,according to the present
enbodi nent, tHRPHERT eCRIRL TEREE1EONDr i90Es g?ﬂﬁ‘fﬂﬁ?éﬁnoftlg@t"@r m ni ng whet her

a strict tragsmissi OAnt idA NgsE6PMEP! AoedSndhbe; aPRidsedibagedi n opnthe
controlling information reported fromthe base station regardless of the
nul ti-cell/isoiehed eBbpdimght r oARerily 1OrElags 4iramselsdivemsysteft agr am of

an overall ¢ L.gurat i a W S ]. SSI O y n :
configurati onggéé%&r}’gatoi ?g g{haet i %#% acg%%gt?%%gntscd t eé Bniogsq’%%t dset%}o&nnent .
The contrdl | ecor@ dgaschai sfumrtiehenent dspecnining owhéehembil eststiatd on 60

determ nes 15 whet her .the strict trapsnission tinmng contr.ol needs to be
execut ed basel BN HHE GF tﬁjémsr@( SCBF&F‘E}f oPﬁﬁaFoﬁ:o iﬁ%ii CRPLA§t ﬁ?—f‘ er of

nobil e statiogg (UMb E6ntisdiatingn 20binathiBe PrETRHedeXargl exnsi BUdaneously
connected to the base station transmtted fromthe 20 base station 100 as
the external apperdt usedesdiesd | PAg thaf BriBi TR li/dAgPéatedg ceBé power of
interference from. sidqunding cells, and controlling information

10 FIG. 41 is a schematic diagram of an overall
configuration of a wireless +transmission system and a
configuration of a mobile station 60 according to the
present embodiment. The controller 68 which is an
element .specific to the mobile station 60 determines

15 whether the strict transmission timing control 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 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
example, the number of multi-paths). More specifically,

25 the process 1s 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
receives the number of mobile stations simultaneously-
connected to the base station so as to determine

whether that number of mobile stations exceeds a



i ndi cating the propagation channel condition (for exanple, the nunber of
multi-paths) . More specifically, 25 the process is perfornmed according to
the flowmhart as illustrated in FIG 42. (1) A case in which the
controlling information fromthe base station indicates the nunber of

si mul t aneousl y-accessing users 30 In FIG 41, in 5101, the nobile station
recei ves the nunber of nobile stations sinultaneously- connected to the base
station so as to determne whether that®ftnmber of nobile stations exceeds a
-66- predeterm ned threshold value. Muwving on to 5102 in a case that the

nunber of nobile stations exceeds a predeterm ned threshold value so as to
be det er ni ned PERESetRITH-AES a TEegachBntydlust Harmgan@ousPy-EdPesshng 5

users’ (large dan 5100y RASUEiled TaRSHoRION Jusming. canial |5 per for med

so that the same operations as the related-ar are performed. In

ot her words, paiadetgrinangé ririeshodd vsdue, sdeaef fectbef daterfdnetng t he
strict transm’ssiQQ timng control 10 di mnishes.so as not to agtely such

control ling. GF t h82%th2r chatd 95olRgE DN Ofo BTHE FPRGUS LREFT Ghe nunber

of nobile statigis~is (et MiAed1019t, 1y exeeed: a tphadrl &£ M edihhpgshol d
value (less in S101), the conbined use of the related-art DS-CDVA and 15
the strict tr&vEHR S| obSt PRFAGTRYHt 6l thRataplheedamen ereratigpsdsaswith a

arge number ofdisebesrddirol bectndl BEL! dBAGLSL!! Gl IANGM SkaD Lim ng

control enhances so as to apply such cont ng. (2) A case in ich the
control i ng 20vitif opneltdarme frandtheobassestsat i Gre | nifeat esft he power  of

Interference fﬂe%o%ﬁnaur{hoeunglcpgcé:eltlrgnsmission timing control

10 diminishes so as not to apply such controlling.

On the other 'hand, moving on to §103 in a
case that the number of m&bile stations is determined
not to exceed a predetermined threshold wvalue (less in
5101), 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 performing strict +transmission timing control
enhances so as to apply such controlling.

(2) A case in which the controlling

20 information from the base station indicates the power
of interference from the surrounding cells

In FIG. 41, in 8111, 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 5112 in a case that the power of
interference from surrounding cells exceeds a
predetermined threshold value (laxge 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 large power of interference from

surrounding cells, the effect of performing the strict



In FIG 41, in 5111, the nobile station receives the information indicating
the power level of interference fromsurrounding cells so as to determ ne
25 whet her that power |evel of interference from surrounding cells exceeds a
predeterm ned threshold value. Mwving on to 5112 in a case that the power
of interference fromsurrounding cells exceeds a predetermned threshold
value (large in 5111), no strict 30 t%@rﬂssion timng control is perforned
"so as to performthe related-art DS- operations. In other words, with
a large power of interference from surrounding cells, the effect of

performng t tri.ct_ .-67- 1.SS] tia ng. rl. dim ni.shes so as not
to apply suc r%b%\“%lr% ﬁoi@’ngFW%ggt‘ﬁ%r ﬁzg}rﬁlg%%‘% ngooﬁé%no%?lgtq n a case
t hat the powespmly i sBuehf etera@lfiiam surrounding 5 cells is determined in
5111 not to exceed a predeterm ned threshold value (small_in 5111), the

conbi ned use of the rel%ft éd€ar Pt CORRIand I HeIst3 cf0 tFdsniBsidon ti ni ng
control is appli&dipkh O'E’rlfter]pWéflS’of M#@e?ﬁéﬁn@% PEMGL Qb LALSEey ence Trom

surrounding 10 cells, the effect of performng strict transm ssio timng
control erfhanceblsoiss detemppingdsuch Sédat ot i Bg. €@eeAh ocamse in which the

controlling mat i.on from t he .bas ati | pdi,cat he propagati on
channel condié?%%gste(rg“&%%das%ﬂ%s%& e\(r?a% © ﬁ%ﬂ?#?pét s?f]lfr) I e41, in 5121,
t he nobil e statmoimed ecgevest t hrei HfeQtati-anti mé-camMhngridhetps opagatton

channel conditions such as the nunber of paths so as 20 to determ ne whet her
t hat nunber O*f:rww%eaym&qg control 1s applied. In other words,

with a large power of interference from surrounding

10 cells, the effect of performing strict <transmission
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 whethex +that number of paths exceeds a
predetermined threshold value. 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 control diminishes so as not
to apply such controelling.

On the other hand, moving on to S123 in a

30 case that the number of paths is determined in 5121
not to exceed a predetermined threshold wvalue (less in
S121), the combined use of the reiated-art DS-CDMA and

the strict transmission timing control is applied. In



).

predeterm ned threshold value. Moving on to 5122 in a case that the nunber
of paths exceeds a predeterm ned threshold value (large in 5121), no strict
transmi ssion timng control is performed so that the related-art 25 DS- CDVA
operations are perforned. In other words, with a |arge nunber of paths, the
effect of performng the strict transmssion timng control dimnishes so
as not to apply such controlling. on the other hand, noving on to 5123 in a
30 case that the nunber of paths is deteffirned in 5121 not to exceed a
predeterm ned threshold value (less in 5121), the conbined use of the

rel ated-art DS-CDVA and the strict transmssion timng control is applied.

I n -68- other owbeds,wasidsh awsthal la nsmbler ofmbser of tbeewd f ethe «fffgetf or mi ng
strict transnizsion Einin ﬂtrol enhances.§p 2 :

| h
control ling. I°Pn tRe SVt Cg 4T he CEPRRTH Erdodi ?f@#ﬁ%aggm\{%‘?ggscri bed

above, while expapkasy saspast ssAr epgegcrslad cddtrshiighgt he det erm nation of
whet her the nunber of wusers is large or small is perforned at the
control l er of the nobil éNst'dtq ofic¥elie) ARdndihcoRph e eBRoGEpRRES ofs

determ ning t s'&‘f%?& Ode\'z%erswﬁJ]et the@?loénﬁﬁig%@Hé)_” ?gde%ess%ﬁﬁeho report

such deternmined result to thé no e sta escri bed above, accordi ng
to the ninth iw reheds tthensdgtssindnasystemft t hieethodr | ¢hst atumiver cahtrol s the
nunber of chip repetiti qns and the 1£Jrspreadi ng factor ir% accordance with

such conditi of$®i¢ the-Rafber®Tof STURer s, 5t B dof 2 nt"8Ff er ence from
surroundi ng celdnrodndrt her pERPaGRLI0B Chadtieh. fRIebyit tie nebhpe < ation

enabl es suppressing interference to a mninmum]|evel so as to inprove as a
result the 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 mobile 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 interference 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 usage 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

Isclated 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 equalizer as illustrated in



20 spectral usage efficiency. (A tenth enbodinent) In the wreless

transm ssion systemraccording to the present enbodi nent, the nobile station
conprises a function of switching the operational nodes based on 25 the
cell environnent reported fromthe base station. (An operational node 1)
Multi-cell environnment: DS-CDMA |sol ated cell environnent: Based on DS- CDVA,
the transmtter applies chip repetiti on_639n_d | oose 30 transm ssion timng
control, while the receiver renoves the own station multi-path signal by
applying the nulti-path interference canceller, the chip equalizer, and

t he frequency Maliy e,gylag er iljcustrated in -69- FIG 44 through FIG
46. (An operaEt‘fli%'nal ram) e 2%%??;@ ceflIGI' envi ronnent: Based on DS-CDMA, the

transmitter applies strimt bpensviesilonmddéeri g 5 control and the
cell-specific scranbli 59 code. _Isolated cell environnent: Based on DS- CDVA,
the transnitter applie L5 CRepet §RYIGRRERA | 058&edt NI E5MBn ti i ng

control, whilg,dhe LaeRi ver: r gipyess tdhgiQen ﬁa%mes%ht!ﬁﬁ&hgaS!gna' by

applying the 10 nulti-path interference canceller, the chip eqdalizer, and
t he frequéncyceoreddn agdaltheer catltipasifiat estyamblEng <fg.hrough FI G 46.

(7o neretional mode S ibcety £ PR DR (B, 15 (e
cel | -speci fi ctiser ambhsngttede appdakat ethigel fepiitionmeatd Based on DS- CDVA,
the transm ttgltar?gnpilsls%.%ns%irgfné ' %gg‘rcq:osf,l Ouhgién rt‘:%e receiver removes

the own station multi-path signal by applying the

10 multi-path interference canceller, the chip equalizer,
and the frequency-domain equalizer as illustrated in
FIG. 44 through FIG. 46.

(An operational mede 3)

Multi-cell environment: Based on DS—CDMA,

15 the transmitter applies strict transmission timing
control and the cell-specific scrambling code.

Isclated cell environment: Based on DS-CDMA,
the transmitter applies strict transmission timing
contrel and the cell-specific scrambling 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 uses 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 wvariation)



control and the cell-specific scranbling code. 20 (An operational node 4)
Mul ti-cell environnment: DS-COVA |solated cell environnent: Based on DS- CDVA,
the transmitter applies strict transmssion timng control and the
cell-specific scranbling code. 25 As described above, using the wireless
transm ssion systemaccording to the tenth enbodiment, the nobile station
uses the controlling information indig@?Lng the cell environnments as

descri bed above to switch the operational nodes based on the cell 30
environment. Hereby, the nobile station enables an efficient reduction of

interference so as to ihprove ., the spectral .usage efficiency. . (A variation)
-70- Wile the above er@é&?n&ﬁ% 888‘2% t?ér%f)ﬁém? s dgfcﬁb}ﬁ?rotl}}(% ng the
transm ssi on $dfMNgsfofcdteoll EAGS el | BlarSdrfiRRliSnatt Ikig¥0bbE € 1gfat | ons so

as to set the received timngs at the_ base station coincide 5 anong the
nobi | e st at i OHRDYHELHPEs eTitgTedPent | ofiRouTePiLfot sSEAtiPTIRe FPnid®edtPo the

above enbodi nent s +nBUt e A;SRAMBY G | g th\éarﬂaaeéey cha*r’%zkatég%%ige

Furthernore in the network environnment bui tenporarily on denman
(referred5t o amorsn &be howbidenes Wordons,i ntize cpseseft a inwenthah Acarid a

termnal B havin snal | spropagation_delay tine differepnce sop._as to be
enabled to co%ni%f:]g e%?ﬁ r:é(E:rtnfy, t%g t%}f‘?ﬁ ﬁgf’vi efrg’(?gil{?ggg%v t?)élﬁsn’i ssion
timng controhldgf aegatdampfisemat harhagsg dratvonis&gas.to report the

transm ssion 15 timng control informatjon as described above by this
ternminal A communi cati APEHERTPRE tidr nFhal PBIVPEkepvireREeRAs WAt i on i s

enabl ed an ongRbHL ANyt NE, demand (referred to as an ad-hoc

10 network), in a case of a terminal 2 and a +terminal B
having a small propagation delay time difference so as
to be enabled to 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 base station is enabled an omission of the
process of transmitting a controlling signal to a
mobile station neighboring a mobile station to bhe 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 No. 2003-
196748 filed July 14, 2003, with the Japanese Patent
25 Office, the entire contents of which are hereby

incorporated by reference.



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 Ofice, the entire
contents of which are hereby incorporated by reference. 71 WHAT IS
CLAIMED IS: 5 1. Anobile station for wirelessly transmtting to a base

station by DS-CDVA a signal which is spread by nultiplying a spreading

code, conprisW%ﬁE_Eiﬂﬂéggﬁihéﬁﬂn timng control unit which controls 10
transmtting timngs of transmtting signals so that timngs of receiving
at the base station fromrespective nobile stations coincide. 15 2. The
nobile station as clainmed in claiml, wherein said transm ssion timng
control unit conprises a |owprecision timng control unit which controls
said 20 transmtting timngs of the transmtting signals so as to contain
time differences anong the timngs of receiving at the base station from
the respective nobile stations. 25 3. The nobile station as clainmed in claim
1, wherein said transnilssi dhidilRgSERRiPDI Lemitiedpseilyesransphthing andar d

type timng coht Lol upl tsodhlieh RE N9 ihuabased; i PN A1 Lot s DALRSe NGy
transmission timng control so that sali first”paths are recefved at "t he
base st ati on mtltsimeyingriangpreZ@ing code, comprising:
a transmission timing control unit which controls
10 transmitting timings of transmitting signals so that timings
of receiving at the base station from respective mobile

stations coincide.

15

2. The mobile station as claimed in claim 1,
wherein said transmission timing control unit comprises a
low-precision timing control wunit which controls said
20 transmitting timings of the transmitting signals so as to
contain time differences among the timings of receiving at

the base station from the respective mobile stations.

25

3. The mobile station as claimed in claim 1,
wherein said transmission timing control unit comprises a
path-standard type timing control unit which performs, based
30 on first paths, the transmission timing control so that said

first paths are received at the base station at same timing.



4. The nobile station as clainmed in claim?2, further conprising a timng
control switching unit which, when receiving a set of controlling
information indicating a cell environfnt, selects, based on said cel
environment, one of the | ow precision tlnlng control unit and a high

preci sion transm ssion control unit which controls transmtting timngs of
transmtting signals so that atinme difference at the base station anong
timngs of receiving fromthe nobile station approaches zero. 5. A nobile
station for wirelessly transmtting to a base station by DS-CDVA a signal
which is spread by multiplying a spreading code, conprising, a

hi gh- preci sion transm ssion timng control unit which controls transmtting
timngs of transmtting signals so that a time difference at the base
station anong timngs éf r@helvpbglﬁr@maﬁqﬂnn%ﬁ|@§akW@%DbPI€¥ﬁ¥ﬂl ns

approaches zero, and a determ ni t S of an
i nformation §BfC bﬁﬂléﬁ?ﬁﬁdsﬁﬂﬁbgrqg¥ghﬁ% %Q{statlons ﬂ¥g%20329§ﬁ

connect ed t oyhBg Qéé@lﬁiﬁ@léﬂbeﬁﬂdﬂﬁddhtrbemomqexhﬁdnmataonomndndetsogr@e an
information set indicating power of interference_f ronlifrroundlgﬁ

and an i nf or eelilorensBiIranAentat PRGSETHr opagati 8R EAAANERLL cERUFEP

one of the low-precision timing control unit and a rugh—
precision  transmission  control unit  which controls
transmitting timings of transmitting signals so that a time
difference at the base station among timings of receiving

from the mobile station approaches zero.

5. 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 high-precision transmission timing control unit which
controls transmitting timings of transmitting signals so
that a time difference at the base station among timings of
receiving from a plurality of mobile stations approaches
zero, and

a determining unit which, based on at least one of an
information set indicating number of mobile stations
simultaneously connected to the base station which is
reported from an outside source, an information set
indicating power of interference from surrounding cells,
and an information set indicating a propagation channel

condition.



