14 MARCH 2007 -1 TITLE OF THE | NVENTI ON MOBI LE STATI ON, BASE STATI ON, AND
PROGRAM FOR- . AND METHCOD OF W RELESS TRANSM SSI ON 5 BACKEROMYP OF THE

| NVENTION 1. Field of the Invention The present invention generally rel ates
to a technology for wireless transm ssion, and particularly relates to a
nobil e station, a base 10 station, and a programfor and a net hod of
wireless transm ssion 2. Description,of the Related Art The devel opnent of
a fourth-generation nobile connunica%ions met hod, which is the next-
generation 15 nobile comuni cations nmet hod beyond | MI-2000 (International
Mobi | e Tele&ﬁﬁﬁy@%cgﬁﬁgﬂégﬁg 8 , has been wunderway. A fourth-generation
nobi l e co | exi bl'y supporting a nulti-cell environnent

i ncluding a cel |l ul ar MSyRIENMETASIOR) | BASEarsTAYabRt ed @0 prbdrRAN¥FORONNMENt Such
as a hot-sgﬁg are? @$d an _indoor environnent so as to seek a further

i ncrease IMSpletiY FEadb-RAELS eRANSEESEREN r especti ve cel | environnments,
is being desired. As a candidate w rel ess access nethod in the 25

fourth-gteneration nobi | e conmuni cati ons which is applied to a link froma

mobi | e @t at BAHRGREVNPRE Tt FNVENT I ef erred to as an uplink bel ow), DS-CDVA
(Direct Sequence-Code Piyisi o Ml thple.fgLess) is considered to be
prom sing fromthe point of viewthat 1t 1s 30 particularly suitable for the
cel lular system DS-Cheprpredarniiplinyentbom germrsiilyt Fatptsdsgial a spreadi ng
code so as to Wi a ignal for .transm.ssion (refer to
bel ow i dent% f ite%gﬁﬁég?é}g t gﬂf qu%.l%eﬂgsg r%nsm?smon, %nd

particularly relates to a mobile station, a base

10 station, and a program for and a2 method of wireless
i 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 enviromment 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 mobile communications which is applied
to a link from a mobile station to =2 base station
{(referred to as an uplink below), DS$-CDMA (Direct
Sequence~Code Division Multiple Access) 1is considered
to be promising from the point of wiew that it is
30 particularly suitable for the cellular system.
DS-CDMA multiplies to a transmitiing signal a spreading
code so as to spread to a wideband signal for

transmission {refer +to Dbelow-identified WNon-Patent



14 MARCH 2007 -2 Docunent 1, for exanple). Reasons that DS-CDVA is suitable
for the multi-cell environment including the cellulaj, gXg:fFe72r € described
below. 5 First, a suppression of the peak-to-average power ratio to a | ow

| evel relative to a wireless access nethod using a | arge nunber of
sub-carriers such as OFDM (Ot hogonal Frequency Division Miltiplexing) and
MC-CDVA (Multi-Carrier-Code Division 10 Miultiple Access) is enabled.
Therefore, it is easy to inplenent a réduced power consunption which is one
of the inportant desired conditions for the nobile station Second, while
there is potential for a reduction in a required transmtting power by a
15 coher ent - dePE&ERHN Usi fPrdethaE®EEd -pi | ot channel s, assumi ng that power

l evel s of the pilot chapglssarg,ad hg bS- QYR LeL atdoye §9 such net hods
as OFDM and MC- CDVA has aOI gr gg}a pi I%t -C anngl powgr %er Dcar rl?eer.

Therefore, anmateireald ceawiinmesti madlodisg athe oceDlwlgapr eystarhe requi red

transmtting ppyery .k rﬁ‘bé&’wﬂe‘i\égl is enabled. Third, in the multi-cell
envi ronnent, €vén eén using carriers having the same frequency in

nei ghborirmg cells, DS-GOWtcnabl espprespinressftorthen péak-iekfreregee fromthe
nei ghboring cells (referred to gs "other-cell interference" below due to a
spreading gaPi“ebt &RRed OFP sﬁrgﬁl nEVeherteF /e ahCedsyWiF#fShent ati on of

one-cel | frequeseys r asRodNiEingald ogatgs aldnpayaidsablen,spgclikal bands to
the 30 respective cells is enabl'ed. Therefore, relative to TDVA (Tine

Di vi si on Ml t Fpfle Asce@EIM wHPERhewarade sFa¢duerayai Pablsdofpect ral bands so as
to allocate dif,{@{@Mxing) and MC-CDMA (Multi-Carrier-Code Division

10 Multiple Access) 1s enabled. Therefore, it is easy to
implement & reduced power consumption which is one of
the important desired conditions feor the mobile station.

Second, while there Is potential for a
reduction in a reguired 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 2 larger pilot-channel power per carrier.
Therefore, an accurate channel estimation so as to

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

| Third, in the multi-cell environment, even
when using 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” belcw) due to a spreading
gain obtained by spreading. Therefore, an easy
implementation of one-cell frequency reuse which
allocates zll 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 allccate different

spectral bands to the respective cells, an increase in



spectral bands to the respective cells, an increase in 14 MARCH 2007 -3 the
spectral usage efficiency is enabled. However, as DSy diS28y W rel ess
access nethod suitable in the multi-cell environnent, 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
which an effect of other-cell interfengppe 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

stations neegnko #2AceMDRLEdf M Qkdey 150 achheye the sanme level of
spectral usage efficiency as™ in TDVA. FOor exanple, when the respective

mobi | e 15 stations traA@¥AYertr aasnPErEPR silgnad swhavlers mabcess i ed
spreadi ng co i, € i f o] . S th transm.ssiqn _data rate
becones 1/ SFglggh%aF %R%ﬁ?%sil glcﬁﬁ% t 3?{’31 i%':,elal n%%‘é“fogmaeg%c)m%‘c?éee The

signal s froma SFxoldlsn east aksonshéd betlew e aghiceueet Fersasdndeawel 20 of
spectr al %sage eff.iciency, as TDMA. However, in an actual uplink wreless
n

pr opagat i RviPdiftentordty LR &0 obSMAEp| Sldc cBRELITIME Yer 844 (MAI) i n

whi ch the siagnatise f hem (R tr eSRACt v BRI | Shlodt | RS ronRleREf 6 With one
anot her due to differences in 25 condition of propagation fromthe
respective n¥BiFB a3 aBfHRRL t BLt IRENBASEeLY atinbArfeERNdensianasuaptvpagat i on

delay tine, ghange QhedropAGaLLRN &éﬂaw&&amﬁef:e@&-&&%dom nant. As a
result, the spectral usage efficiency nornalized by the spreading factor as

descri bed abéh&eBbeyengedbiredrreaghbodit 120- B pefoerriomn tir ®ShePMhand,
| FDMA (1 pgereavede pumber of signals of simultaneously accessing

) mobile stations need to be accommodated in orxrder 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-
COMA there is & 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 wuplink wireless propagation environment, an
effect of Multipie-Access Interference (MAI) in which
the signals from the respective mobile stations
interfere with one another due to differences in

25 condition of propagation from the respective mobile
stations to the base station (for instance, propagation
delay time, change of propagation channel) becomes
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 hend, IFDMA (Interleaved
Frequency Division Multiple Access) 1s being studied as

a wireless access method which enables a reduction of



Frequency Division Miltiple Access) is being studied as a wrel ess access
met hod whi ch enables a reduction of 14 MARCH 2007 - 4,thexdMoeas descri bed
above (for exanple, refer to belowidentified Non-Patent Docunent 2). |FQOVA
applies a synbol repetition to. a data synbol so as to performa sorting
to generate a predeterm ned synbol 5 pattern and to nultiply a nobile
station-specific phase to a transmttipg signal for transm ssion. |FDVA
reduces the MAI as the generation of the predeterm ned synbol pattern and
the nmultiplying of the nobile station-specific phase set the signals from

the 10 respeciiyenppbidse §stdRd 0ahsvar (apged anpide rbeguancy axis
W t hout overl appi ng one another- Furthernore, a study of a transm ssion
tim ng contr@elay-adenkhéfisrkt Nod-Bitentdubpagnanfch2 MAl IE8MAs arpdikaprove t he

spectral usa 1 che i erway foq mpl e, _refer to
bel owi dent i %?eE %i Pg%érelﬁf)%%m%‘\r%? %) .jdgﬁ%‘Gsrﬂgéﬁanédp Flaé K 3B are di agrans
whi ch respedanfelnr | & getrtabe tHionegehardts far paedaserminedappinbaig a

transm ssicon timng control in.an uplink and for _a.case of not | yi ng
such cont Pol %actz:%rt%‘l ng* 0%90 'H‘gcl gg’at%dmgsffe@tﬁgfﬂ%ﬁpaet% n e}%%éc/ase of
FIG 43A in wy ch attararericssdgonignailngf@ontraisnissinat apuMaed, the signal s
transmtted fromthe resglgctive receivers 200 through 220 have non-

coi nci dent r FEHIRES t FhR ndf8lat®s heRpagSreratioh P60 U5 JRESESLEMWENERs f er ent

del ay times afy¥aPagatidm tangt Rebager Sitaliag 0. clderpheie, with the
transmssion ‘timng control, the transmtting timngs of the respective
mobi | e st ati CHRAROREREGUHHC 2Pbaake safonthel lseanabs t Bapmt Hédrer espect i ve

signal s tlroansltggﬁee&i%g framthe faspect Lye ﬂ@%ﬁ@%ﬁ“&@stﬁgo t hrough 220
) 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 1is underway
15 (for example, refer +to Dbelow-identified Non-Patent
Document 3). FIG. 43A and FIG. 43B are diagrams which
respectively illustrate time charts for a case of
applying a transmission timing c¢ontrel 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 Dbase station 100. Therefore, with the transmission
timing control, the +transmitting timings of the
respective mobile stations 200 through 220 are
controiled so that the respective signals transmitted
30 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 sane timng at the base station 100. Such perform ng of
transm ssion timng control enables reception of sigpajseatdohe base
station 100 14 MARCH 2007 -5 fromthe respective nobile stations 200
through 220 at the sane tinme (refer to FIG 43B) - Wen using at this tine
ort hogonal code as spreading code, the received signals fromthe different
respective nobile stations 5 at such tiging are orthogonal to one another so
as to reduce the MAI. Hereby, inprovenent in the spectral usage efficiency
is enabled. Furthermore, a study of a technology which suppresses, for a

recei ved signglopf et ed e L moizglﬁatsﬂcat%ﬁsf SRNCErrJUHH | 2Rt

interference by signal processing at the receiver is underway- A nulti-path
interference MCélama Yifmsy éxefigy efor &llér. #6Bbel Hhweni deimiof | #d Noas Pat ent

Lo batow 15 5l | PECASKBRPArBRT Bocu e ac 11 ue VoL AR B G a5,

and a frequensygmh)ln‘ﬁl frequahiez edi f{feveneX angdipectivef Qfobﬁ.@eb&lm&:\.bdentl fied
Non- Pat ent_ Docunent _6) as illustrated in FIG 46 are representative

exanpl es, “The2 hulS&eh pa?’ﬁ“ﬁnt‘?t e?¥er 8REROACel FBr °FF aAN9MeFstPatéd in FIG 44

estimates andcgeneuates e aniul kerggf h iiRbestarance;gi gnal gsddgmyor 351 a
signal conponent causing nmulti-path interference (referred to } as a

mul ti-path reps?ea BEFdReRmd Sabtsradlsdthe estimated nulti-path

interference replica asdeserhhed 25 gfo? ar LGRS Shgng - Hereby,
a reproduction of a received signal having a reduced nulti-path

interference s@pprasses . enbdn ed. WEreivehi psiangadl | effecisd |byismuated in FIG
45 genergf es aly a;cRappel (A 1 X, 08NeLa4or; 0L R,6N80NGl,  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 1illustrated in FIG.
45, and a frequency-domain equalizer (for example,
refer to below-identified Non-Patent Document 6) as
illustrated in FIG. 46 are representative examples.

The multi-path interference canceller

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

25 above from a received signal. Hereby, a reproduction
of a2 received signal having a reduced mualti-path
interference effect is enabled.

The <¢hip equalizer as illustrated in FIG. 45
generates at & 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;mghfbfiog factor
estimator 362 a weighting factor which reduces multi-path 14 MARCH 2007 -6
interference fromthe matrix and to nultiply at the chip equalizer 363 the

wei ghting factor as described above and the received sig

nal (

this operation

is referred to as an chip equalization)-_ddereby, a 5 reduction of an effect
of nmulti-path interference is enabled. The frequency-donain equalizer as
illustrated in FIG 46 converts a received signal at a tine-to- frequency
converter 371 iAlQearlfSAUENEYsHORREN Ri1gNal 1 Seoasuhid phgn Meriwe at a
wei ghting-factor estimator 372 a weighting factor which reduces nmulti-path
interference, amilibo eavatliipky 63t hehe r eghentinglofdrnor egsaldesmridegd a

wei ghting fact oL L9.t %{ eﬁlgév%gceigg&]ut%ggﬁgorr(%gssi%%gﬁgﬁpaiﬁteo convert

to the tinme 15 domarn at t frequency-to me ‘conver

perform ng of suelfeoped attioonss erabl@sia eqahicizzgioh) .t Merebfrecta of

mul ti-path interference. n- Pat e Docunent 1 H. arashi,_ S. Abeta, and M
Sawahachi | 70~ BFQHGBANY SACKEL BFFEFbsbladtiks RIS opAEEFaRch §h. opeed
and hi gh- capaci rabheaughput , " | EEE VTC2001- Spring, pp_ 566-570, May 2001

Non- Pat ent Docunent 2 25 M Schnell, 1. Brogek, and U Sor
new wi deband mul tipl e- acce’® SERFHRPFHTIOMEIRURE MDA e 29

ger

AR

"A prom sing

ghFd e

systems, " Europgan fi@Nse cORvdeeCaMilleiEE ) sidfRl: 10y NO. the-RB- 417-427,

frequency converter 371 into a frequency-demain signal

10 so as to then derive at a weighting-factor estimator

372 a welighting factor which zreduces multi-path

interference, and to multiply at the frequency-domain

equalizer 373 a weighting factor to the received

frequency—demain 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- S566-570,
May 2001

Non-FPatent Document 2

25 M. Schnell, 1. Broek, and U. Sorger,

“2A promising new wideband multiple-access

scheme for

future mobile communication systems,” European Trans.

417-427,

on Telecommun. (ETT), Vol.10, Neo. 4, ©pp.
July/Aug. 1859

20 Non-Patent Document 3

Een-Kee Hong, Seung-Hoon Hwang,

and Keum-Chan

Whang, “Synchronous transmission technique for the

reverse link 1in DS-CDMA terrestrial mobile systems,” pp.



i

July/ Aug. 1999 30 Non-Patent Docunent 3 Fen-Kee Hong, Seung-Hoon Hwang, and
Keum Chan Wang, "Synchronous transm ssion technique far.they s@verse |ink
in DS-CDVA terrestrial nobile systens,"” pp. 14 MARCH 200'}‘/I -7 1632-1635,
Vol . 46, No. 11, |IEEE Trans. on Commun., Nov., 1999 Non-Patent Docunent 4
Keni chi Hi guchi, Akihiro Fujinura, and Manoru 5 Sawahashi, "Milti-path
Interference Cancel ler for H gh- Speed Packet Transmi ssion Wth Adaptive
Modul ati on and Coding Scheme in WCDVA Fdrward Link," |EEE Selected Area
Communi cations, Vol. 20, No. 2, Feb. 2002 Non-Patent Docunent 5 10 A.. Kl ei n,
"Data detection of i 4:hns ecially. design or..the downli.nk of CDVA
nobi | e radio sy%?é%soiéﬁqn B?g(‘:. 4I%EEENR/TCEg7, %%EE 2057520757 MEY TRy 7

Non- Pat ent Doculent, 6 1P89D. Fal coner, SL Ariyavisitakul, A Benyam n-
Seeyar, and B. Eidson, "Fr eqyenc domai n egual ization for single-carrier
br oadband wi rel ess syster%@,;%éégm., Vol . 40, No. 4, pp. 58-66,
Apr. 2002. However, becaugenidhar enigudhd ,Spleadirdg B Hurd0 idhd AMbrt is
necessary to divide all available spectral bands so as to allocate

di fferent sptct PAFahddigs YUtk Raddpebtisrdazerrs. Conerdler e fosvdiiaien
adopting such \Nsﬁ@é&%&ﬁ&%ssrﬁ%tsg@gsié O%:Etﬁ'h‘;ﬂdﬁg&h.be § ld%%ﬁ%i&? afG" €ase

in the spectral usage efficiency I'n t I'ti-ce environnment and
the isolated cé€bBimpviSchbamentin TheChMicr Baseard Lhek spedEERl Sedageed

efficiency incrgages dAGAYAREI O MBI ! € 80 aLiONS,  pop 2002

Non—Patent Document 35

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

Non—Patent Document 6

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

Comreun. Mag., Vol. 40, Wo. 4, pp. 58-66, Apr. 2002.
However, because there 1s no -spreading gain
20 in IFDMA, it is necessary to divide 2all available
spectral bands so as to allocate different spectral
bands to the respective cells. Therefore, even when
adopting such wireless access methed, it is difficult
to seek an increase in the spectral usage efficiency
25 in both the multi-cell environment and the isoclated
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-1ink capacity.;smugdeseyere, as the
rel ated-art technol ogies as described above are technol ogi es concerni ng
single elenments within a wireless transm ssion system in 14 MARCH 2007 -8
order to actually build a wireless transm ssion system a study on a
specific configuration of a base station —-gnd a nobile station as well as on
an overall configuration and also on a specific controlling nethod 5 of

t hese single-element technologies is needed. However, as a sufficient study
concerning the peidd:s as desekilbed rhowe dHagipeledeerrapenfyined fpsade,
there is a demand for a specific configuration of a base station and a

nobi l e station. 21GSENMARY BF SHECIENVENTPENSREaE5Cn §ének ab2bd) &taLEPNLt he
present inventigmtq proyide acidig ess LLARSMSSAN. oA Bobily station, a
base station, a programfor, and a nethod 15 of a mnréiess transm ssi on that
substanti al | y obt¢rfigureteonr ansr eapsobbens: capseilfby thetidldlingt i oetshahd

di sadvant ages of _the.rel at rt.-lnlig f robl ens as descri bed
above, it i s% a ?r%r%hﬁglrat isc(tijl’lggLfe 8%%%%# o?g?ﬁ%o%or%se%ntl%g‘%eﬁ\?émi on to
provi de a nobil e station, Howease, stat | &an sufdipiegr amthady and a nethod of a
wi rel ess transm ssion .that_achi eves an ingreased . capacity of a

comuni cations TTHETH Hot H'E ePPLBRY FBnrfg?ﬁ?lg’?dd VSelPHbB9E f5en
conducti ng comupéegddneds €y QSteDMAhedr ther Aor&amdrde £r preseciisavent i on

relates to a nobile station, a base_ station, a programfor, and a nmethod of
a wirel ess configuration of a base station and a mobile station.

10
3 SUMMARY OF THE INVENTION

It is & 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 fransmission that substantially obviate
' ocne or more problems caused by the limitations and
disadvantages of +the related art.

In light of the problems as described ahove,
it is a more particular object of the present

20 invention to provide & mobile station, &a base station,
a program for and a method of a wireless +transmission
that achieves an increased capacity of a communicaticns
link in both <¢ell enviromments 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 methad of a wireless
transmission which achieves improvement 1in the spectral
usage efficiency, for example, in an isolated cell
environment as the increased capacity 1is 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 is 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 inqyeagecH s@pacity 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 nmultiplying a 14 MARCH 2007 -9 spreading code includes a
chip-pattern generating unit which generages a predetermned chip pattern
by performng a chip repetition for a predeterm ned nunber of repetitions
to a spreading chip sequence, and a 5 multiplying unit which nultiplies to a
si gnal includi ngpAdheippedetss Minedu8li P Patd@bipdMi & | $e9epef aipd hyt the
generating unit a phase’specific to the nobile station. "A nobile station in
an enbodi nent of*hilgd 10 JeneeatsHN eénablbesdglewWHiiEd on ChaPt r apssHiqnn ngby

signals interferd s e t .t he eque §nqiq§:n, he
respective nobi ﬁ%éﬂgtggﬁlg s%;rg We%&gﬁg%%ﬂa%& gartﬁ%%na té\g}ggsingﬂrgegase

of nultiple nobidfe stegtatdngonsi nubt aneosptgadiogneching teqidreesanandase
stati on. Sucg 15 r g.l%gt i.on of mJ!ti. l.e- ac 1gjrssl.i nt erf erence increases,.the

spectral usage é‘?‘ﬂ'@c X&H9i A i Lot AU ERtRA Ry YDnferi it W CHEHRY
effect of such itHeer frefc@RGermingtdMdEAR $aLOSA O wHAGH eye agehsELRABERyY | Nk
capacity. As a result, when comunicating by DS-CDMA, an applying of
one-cell frequendi® 209§R8F$& 18I n§nohl y2spPBATTF ngPPELissi iy cHifle r SpdtileE on
and also an applpdiignof chip repetition in an isolated cell environnent
enabl es an inplenentation of an increased |ink capacity in both cell

envi ronnments. Accordi ng toRafsifiér aspekan oint k@ | srkadivgRt G Fhaobil e

station whigh W{R)E3SK [raRsidsS 1Q & dARkion in transmitting signals

) interfering with one another, as the frequency spectrums of

the respective mobhile stations are frequency-domain

orthogonal even in a2 case of multiple mobile stations

simultaneously connecting to the same base station. Such

15 reduction of multiple-access interference increases the

spectral usage efficiency in an isolated cell environment

in which an effect of such interference is dominant so as to

achieve an increased link 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 isoclated cell

environment enables an implementation of an increased link

capacity in both cell environments.

According 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 <+imings of
receiving from mobile stations approaches zero.

A mebile station according to an embodiment

of the invention enables an increased link capacity



station by DS-CDVA a signal which is spread by nmultiplying a spreading code
i ncludes a high-precision transm ssion timng control ugipanduedrcontrols
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 14 MARCH 2007 _413Q without having to set at the
nobile station individual wreless interfaces for the respective cel
environnments by setting the wireless paranmeters of the spreading factor of

the spreading cosdetigne: t hevimgbers ofetchip repet nbhore t et Lhiangadividual
Furthernore, the spreading factor of the spreading code and the nunber of

chip repetition YRS AEEEHCeT oty diNed 9588681 eeldetenyf repments! 1Ghg
information fro SOur 1 en [ atJ c base
stations and th(rarg %%%ﬁk@femq‘i?&cr%lt:g %é %E%@%t#%n@earégg%dé%%ng% I nItg;ljef A
nmobi | e station ishenapreziimy applds nandf tiwmenumedt ©6f equiEmcyepetise onn to

DS- CDVA and setting of.t optimal . spreadi factor _an e nunber. of
chip repeti t%onsc%l?%' ua%zleirﬁ?ﬁe acﬁ%%n?pg‘?f‘bc{}?‘q’gf ?fcgft%graggt %Eer BHETITOIF of
MAI by chip repedddi and Amei naimdase di i spesdétidlicusags 1Sef HFheigfigy so
as to inplenent an in regi%d li_nk capaciﬁ¥ is enabled. Furthernore, a

swi tchi ng of cel ‘FQ%E%% BPedset -2 stRtid CRETF b G HCFEE tigh it FRIhid e

station-specifi csphase esesRNICas baseimom: 1desetlifs | fehmals amhd riofad he
external source is enabled, The spectral usage efficiency is 20 enabled so

as to inplement SFRTIT%ea’Y CHPacdiatyoIkecddiChg B¢ dMtiHer adensofaise
i nvention, 13 bagensdAtir) WAI fdbire gRaRkeH 10 SQDIMAI Qﬁté‘pﬂﬁﬂg?‘oﬁmi e
station includes a contraolling-information transmtting unit whic
transmi'ts to t heCeébbiliremeacyoneuse in DS~CDMA and 2 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 usage
15 efficiency so as to implement an increased link capacity is
enabled. Furthermore, a switching of cell-specific or user—
specific scrambling codes, and mobile station—specific phase
sequences based on the set of information from the external
source is 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 infermation
set indicating an environment o¢f & «cell which 1is
resided by the mobile station, or an information set
indicating the power of interference from surrounding
cells, eor an information set indicating a propagation
30 channel condition, and a recelving wunit which receives
a signal which is transmitted from +the mobile staticn,

based on the set of controlling information, via a

variably-controlling process c¢f 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 stamAAicH B7an
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 contrehling information, via a

vari abl y-controlling process of a spreading factor and 14 MARCH 2007 -11

t he nunber of chip repetitions. A base station in an enbodi nent of the

i nventi on enabl egh@ re&BeYI R o&hgpn&@ﬁb{imﬂgf ormation fromthe base
station or the network connecting to the base 5 station so as to variably

control the spreading factor B&tF tRE2hiffber 1Bf G p ¥ERMENENS Hasedion
the controlling ;hadQraml i ofhafiwst kﬁ?rg?é@.izvitn@s @@Sg?xzéz%tl'l%g' %n?@?ﬁéﬁﬂ:rﬁ

receiving of the transmtting signals fromthe nobi statrons whi ch have
under gone t he vafreml yhe dmseolsitehyon 19 prioe eedwopk cortianting &notherbaspect

of the inventdj on ; f Ng S m Ssi o i -
mobi e station virth e i ol Y AERR s chhREoTL oY e RBhErt el s
spreadi ng si gnal thel nupbeed dfy chikbh sppeadiingscdoeseda ahi phpatcbartnolling
generating functiop of _.generating a predeterm ned chip, pattern b
performng a ch?Bgﬁiﬁﬁﬁﬁf%cnfﬁ?ﬁﬁéimﬁgﬁdet m nﬁgﬁgygbflsréﬁﬁﬁﬂﬁgoﬁk to
a spreadi ng chi preesiueinge, ondtRe MianisphYt ey f Wickhia0s Oof rdivl tthil yihdgi 1o a
signal 20 including the predeterm ned chip pattern which is generated by

t he chi p- patternSERREMH | MRiCHncPRYA aUniRREE s pdBpf | ¥2F s e Copbrpeling

station. A Qkpgrgggéégsywreless transmi ssion in an

} According to anrother aspect of the invention,

a program for wireless +transmission, implements in a

moblle station which wirelessly transmits to a base

statien by DS-CDMA a spreading signal multiplied by a

15 spreading code, a chip-pattern generating function of

generating a predetermined chip pattern by performing a

chip repetition for a predetermined number of

repetitions to a spreading chip sequence, and a

multiplying function of multiplying to a signal

20 including the predetermined <chip pattern which is

generated 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

freguency-domain orthogonal even in a case of multiple

mobile stations simultanecusly 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 19fvARE@! z083pecti ve
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 environneng2in which an effect of such
interference is domnant so as to achieve an increased |ink capacity. As a
result, when comuni cating by DS-CDMA, an applying of one 14 MARCH 2007 -12

cell frequency resse OSédigeray Vrapecaskiing natlysipxeaeling ro@pedditrigonshiand
al so an applying of chip repetit&ons in an isolated, cell enviyonnent

enabl es an i npl eRFRGORS0PPEN3L PR CFRABRRILY ik OlafidPt FePRTABAM iR an

environnents. 5 Accoidiangdiq a&mi%hmlaﬁee@hagieé hegn i B¥EDLLObat 18nMRihog, Of

W rel ess transm ssion, wherein a nobile station which wrelessly transmts

to a base statiohiCIBASES COMA eapAqjital inhbeth iceldpreudicerymantisti plying a
spreading code. includes a,ehipspaltepn JENGIAti 00,81EP 10 gl 08RSLAHQY @
predeterm ned chip pattern by performng a ghlp repetition ftor a '
predet er mi ned nuabemetlodd r epet itirmpiesto arspsrebging,chwhesefineng e, mesidl ea

mul tiplying step of, multiplying to si.gnal__i ncl udi n t he predetern ned
chip pattern whig aﬁﬁonger@ﬁébedwbﬁeﬁ%sstlgfe &5%?%’[?“’?19%5"[ ep' ar‘%ﬁﬁﬁses e i ¢
to the nobile sbatim®-CDAANTES hadgahlW wlel@Ss ikl astata’iSi by inulaipleihediarent

of the invention enab%g}s a r$duct_io iin transmtting signals interfering
wi th one anot her SBs*3H&'%0%? %quéﬁﬁgugﬁ%cf%uﬁﬁlEﬁp% XResPERETAFE Mot 1P

stations areg fregueng¥népding or thogonadacteenRihés a cagnepof pattdpl e uypbile
stations si mul t aneously connecting to the same base )

! 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 & 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 freguency spectrums of the respective mobile stations are
frequency-domain orthogonal even in a case of multiple
mobile stations simultaneocusly connecting to the same base
station. Such reduction of multiple—access interference
increases the spectral usage efficiency in an isolated cell

25 environment in which an effect of such interference 1is
dominant 50 as to achieve an increased link capacity. As a
result, when communicating by DS-CDMA, an applying of one-
cell frequency reuse using only spreading not using chip
repetitions 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 environgemdramzoshi ch 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 an;30 isolated cell environnent
enabl es an i nplenentation of an increased |link capacity in both cell
environments. Other objects and further features of the present invention

wi |l become appargniowihgm ddteihedVAREERR cn- bahdro! kexi ngndetah] @dtion
description when read in conjunction wth the acconpanying draw ngs. BRI EF

DESCRI PTI ON OF TPHE-PDRANE NE@SCompatying | §ravwistdfenat i ¢ di agram of an overal |
configuration of a nobile transm ssion systemand a configuration of a
nobil e station according to a first enbodinment; FIG 2 is a schematic

di agram of naj orBRIEF I fOFa T RAWINGSt i on according to a first
enbodinment; EIG 3 is a s mat i c_di agr. . one. exanpl e, qof the frequency
spect r um of g si gnal tranglrinet't -tédl%Sa gcﬁ%rpga?ﬁflec s?ﬁ%‘%%a$a%%ora§i ncg’:f"?x"oa1‘;1L first
enbodi nent; 15 KdAfidurstaoschenasi mobtiagr amankmass yrer aystenconhigur ati on of

a wreless transm ssi on stem and a configuration of a_pobile station
according to a s%%ﬁﬁ(?uéﬁ%ga’i‘ ;aFI“B%lgei B PR e ARSPEIYF AgEm B TARst

operation 20 ofembgdif@hess transm ssion systemaccording to a second

enbodi ment; FIG 6 is a schematic diagram of an overall .
FIG. 2 is a schematic diagram of major

10 operations of a mobile station according to a first
embodiment;

FIG. 3 1s a schematic diagram of one exanple
of the freguency spectrum of a signal transmitted by
a2 moblle station according to a first embodiment;

15 FIG. 4 is 2 schematic dizgram 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 teo a
second embodiment;

FIG. 6 is a3 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
ermbodiment;

FIG. 9 is a schematic diagram of an overall

configuration of a wireless {ransmission system and =z



configuration of a wireless transm ssion systemand a configuration of a
nobil e station according to a third 25 enbodi nent; FlGi4MARBCHR2®2qUENCE

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 areless transm ssion system and a
14 MARCH 2007 -14 configuration of a nobile station according to a fourth
enbodi ment; FIG 10 is a sequence diagram of an operation of a wreless

transni ssion sysicemiaaesf thdoko 2 Rcbolk t Braabeyli geRbrafilds tdld s a
schematic diagramof a configuration of a base station according to a

second, a thirdoWtE LH9FR EADodi nent; FIG 12 is a schematic di agram of
a variation 10 of a conffgél.raid an %f e %est@it' mapgprghng)ftega?ioﬁecond,
m o

athird, and a fourth enbodinment; FIG 13 Is a schematic diagr anot her
form of a conficfurat ivdwredfbsa bHa=sessiasion agsbemni agcboding secored, a third,
and a fourth_.e dinment; . 15.FIG 14 is a schematic diagramof an exenplary
configurati o?} g‘]&o bief“ébc’%ﬁg‘?}"gn according to a fifth enbodiment with the

data rate doubled; FIG t5& ad i @ dJ&Rmakecscdienpamne f agrans 20 of an
exenpl ary frequency spectrumof a transmtting signal with the data rate

doubl ed: cornifiguration of a base statidon according to a second,
a third, and a fourth embodiment;

FIG. 12 is a schematic diagram of a wvariation

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 statlion 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 a 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 2 schematic diagram of another
exemplary configuration of & 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 ragtwah@hved; 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 another exenplary configuration of a nobile station according

30 to a fifth enbodinent with the data rateshalved; FIG 19 is a schematic
diagram of a configuration of a wireless transm ssion program according to
t he present invention; 14 MARCH 2007 -15 FIG 20 is a schematic di agram of

a configuration of a nobig®s sbation acenbds N td3raiXtdr gnbodiment; FIG
21 is a schematic diagramof a 5 confiquration of a base station according

to a sixth enbo8PReREUrayien 29f | 3 anohifiénettatignagreRarefingn texefplsdEh
nmobi | e station aggorging.t.o a fifth enbodi ment which changes scrambling
code according to extéernal’ 10 controlling information; FIG 23 is a di agram
whi ch descri bes an operatflgh @l asmbidhemstati cghiageenr difhgato a sixth

enbodi nment . iC i .chi p.repetjtion ter Il exi nul tiple
channel s; 15 FI GQOISQP%&}%@ he?r%t igc k5cf.’i5‘aegr g%ggolfc’%angyée%(}e%ﬂ%arggcg‘nfgi’lg’ﬁérh ation
of a nobile stateobodoesoriding to a fifth enbodi nent which changes a nobile

station- specific phase s enéﬁ according to a set of <controllin
odrc

i nformation from an out si &3 BEHFTALIg [ HaAQTA ad n?%ieéﬁmgvle%ﬁi bes

t he mobile station according 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 teo a
sixth embodiment which applies chip repetition
after multiplexing multiple channels;

15 FIG. 24 1is a schematic diagram of an
exemplary configuration of a mobile station according
te a fifth embodiment which changes a mobile station-
specific phase sequence according te a set of
contrxolling 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
empodiment which inserts a guard interval per a
predetermined repetition pattern;

FIG. 27 is & 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 sequence diagram o©f 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 enbodi nent; FlI@mAERCHI0E di agram
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 enbodi nent gwhich sufficiently |engthens a
predeterm ned reuse pattern; FIG 28 is a sequence diagram of an operation
of a loose transm ssion timng control perforned in a 14 MARCH 2007 -16

Wi rel ess transm sfolessystemm agie¥idnngsysret Shaddrdiegboh mentsixthG 29 is a
schematic diagramof a first exenplary configuration of a nobile station
according 5 to S&P%¥M¥nbodi nent whi ch applies chip repetition and

time-multiplexes pilot chamel 95 E8G 3@hbsasi s N1QERLNC SH agr amek a second
exenpl ary configuration of a nobile station according to a sixth enbodi nent
whi ch applies chepePepsty t FoRfidwagaent iafe- fulldilexestafilost adnpmdéns; FI G
31 is a schematic¢_diag f i e ar, i gukati . bile
station acc?di Créla tag %gg)ldgt ﬁme)ﬁ%%h%rgrten?ﬁ |cﬁ¥’§g%€% e%ﬂé ip %‘5%@ ition
and tinme-multipl exéds gimeouthaplsdes;, Pllat 32hasnalsschemati ¢ di agram of an

exenpl ary configuration péﬁﬁi %@sg ;tatci:hon gccorcg-ia\%% to Q}p Si xst ho %nbodi ment
whi ch measures received ti g "By *pi F ot LRENfel Fh Hppfy EF°R
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 accerding to a  sixth
embodiment which measures recelived 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 stations;

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

25 embodiment which performs transmission timing contrcl
using & common pilot signal;

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

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

FIG. 37 is a diagram which describes the



20 FIG 33 is a diagram which describes a transmssion timng control in
accordance with received timngs of first paths of the {phikensh@ti ons;
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 station aegprding to a seventh enbodi nent;
30 FIG 36 is a schematic diagramof a configuration of a base station
according to a seventh enbodinment; FIG 37 is a diagram which describes the
14 MARCH 2007 -ddncsptcepf &f atsidi ctrafisamssdissi otintiing ngorctamtlr ol
performed in a vm'%g%ess transm ssjon systemaccording to a seventh

enbodi nent; FI G P3BEGeg sihefat Ver S A BISTaA SeRRmWARGT RCEORELYAIr at i on
of a nobile statignacgorditiy LRpSuimgent h enbodi ment which changes
scranbling code based on a set of controlling information from an outside
source; FIG 39 is a scheddG.c38i dgramschematioyaiabram1®@fcodt i guemplary of a

W rel ess transm ssji o . nf.i_g is 0 ile station
accordi ng to%Zn é%’:lg%%%%%gg]d%n ; ”&%él%gt?atsﬂlggf I%?A%%?Fbv\%ochgi | lustrates
an operational peozedur emiobdiemamibi veidt athemgexccocdamigl irwy  d¢&deanbesedht h

mbodi ment; FIG 41 | tic di ] figuration of
el ess tf ansm 881 6 SH5: & ARt OGP QURAETOR 1 3-HBoD SRS |

according to a nishice;
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 teo
15 an eighth embodiment;
FIG. 41 1s a schematic diagram of an overall
configuration of a wireless transmission system and a
configuration of a mobile station according to a ninth
embodiment;
20 FIG. 42 is a flowchart which illustrates an
operational procedure of a mobile station according to
a ninth embodiment;
FIG. 43A and FIG. 43B are schematic diagrams of
a time chart for a case of applying a transmission
25 timing control in an uplink and a case of not
applying the controlling according to the related art;
FIG. 44 is a schematic diagram of an exemplary
configuration of a related-art multi-path interference
canceller;
30 FIG. 45 is a schematic diagram of an exemplary
configuration of a related-art chip equalizer; and
FIG. 46 1s 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 enbogpaiicy JbG 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 related-antg-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 confi gupatian ef]a&rdd eguency-domai n equal i zer accordi ng 14 MARCH
2007 -16 to the related art. DETAILED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS I n the follow ng, enbodinents of the present 5 invention are

described with rekepenes ﬁa%dafi@n@ﬁwmpﬁﬁm Romop (ambtd st enbodi ment)

First, a conflguratlon of a wreless transmssion systemaccording to a
first embodiment is 10 deStrithed. faslovingt rembedimgnts G ofl, thew pokesst

transm ssi on 5YSteULL:Lopl udgs.a mbldessLati odidn and.qa.Dase St abi op,J00

The nobile station {ransmis a wreless si gn sprea mul tiplyrng
spreadi ng code. aEhemp@mwimgsﬁaawxngﬂx)|ncludes a channel encoder 11, 15 a

data nodul ator 12, a sprea n tiplier 13, a chip repetition uni t
14, a phase multiplier %6 gmﬁ%&ﬁdﬁﬁﬁP?er 16, and a carrier-frequency

nul tiplier 17. FJ_rst, a configuration of a wireless
transmission system according te a first embodiment is
10 described. As illustrated in FIG. 1, a wireless
) transmission system 1 includes &z mokile 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 meodulator 12, a spreading-code mulitiplier 13, a
chip repetitien unit 14, a phase multiplier 15, a
bandwidth limiter 16, and a carrier-freguency
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 multipliexr 13
multiplies spreading code to the modulated data so as
to generate spreading-chip sequence. The chip-repetition
25 unit 14 performs chip repetition for a predetermined
number of repetitions to the spreading-chip seguence 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 & 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 convol utiog, gasey 2hfe 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 nunbetgef 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
nobi l e station 10. The baﬂﬂmﬁﬁtrmﬁﬁrdﬁithemf16theowh@QQEbandmﬁdnh limting

to the phase- plied.chip ern and the.carrjer-fre ti Iler
17 mul t:opl ies a Lé\rﬁ EPrF?%ﬁuéﬂ% ]'t‘% PhESehi EJHBS’PJFe% F6g 4%5\815?1#[1-' Ioﬁ
MARCH 2007 -19 #Fhesx, oper @IllQﬁ.&:r@f;ecﬁhQnWUﬂﬂlde st atdton+id peesdimg-diet he

present invention are described. First, as illustrated in FIG 2, at the
spreadi ng-code Weltigdiesr 43, tthe mndniated enih SeEUeMRR® a8 £ 5

transmtting si ge%ns(nﬁttﬂé signail Sl typliegd byg %ﬁ%?ﬁw&acs e having a
spreadi ng factor SF of as to generate’ a spreadi ng chip sequence,

"cl,1", "cl,2", Spmad_l_lng "Rl haVlng(Sl | jpre@vbggquemtor, $he ofchi pso
repetition unit %é Séexcapde“ Eepﬁ]r'e%% h%Yl' gg s]el%e%%e”“”i&r 10
{0 hi qu

repetitions CRF= spreadi n the CHip-repetition
unit 14 sorts theeclchip-répeht ed “cll,b"sequerﬁ:le‘t SO0 agbiwrdeaveéyt hechsane

SRR S g T e P G S R N G
frequency axi® ftﬁquenﬁlbesped:ﬁruﬁﬁesﬂ@hanas threse tbl [dket repethdingFl dhig3. As
t he chi, P sequence_as . o _
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.
i5 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 i3 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 & predetermined chip pattern.
Therefore, as illustrated in FIG. 3, the frequency
25 spectrum of the mobile station 10 and the frequency
spectrum of another mobile station 200 (refer to FIG.
1) do not overlap with each other.
Therefore, even in a case of multiple mobile
stations 10 and 200 simultaneocusly connecting to the
30 same base station 100, the freguency spectrum cf one
mobile station is orthogenal on the frequency axis to
the frequency spectrum of the other mobile station so

as to reduce interference caused by the respective
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shaped spectrum shifts as a phase specific to the nobile
ded at the phase nmultiplier 15 to the signal conprising a

ip pattern. Therefore, as illustrated in FIG 3, the

ctrumof the nobile statienglO and the frequency spectrum

e station 200 (refer to FIG 1) do not overlap with each

, even in a case of multiple nobile stations 10 and 200

epaeshitEind $1eha130 skemibasewsdat ktp8 1RGeitbe hirgHgHCY

nmobi | e station 1s_orthogonal on the frequency axis to the
éogt A6 ofingo tra8sPhtigucelyier f er ence

sPet it 1. MRG0 L1720 d¢Anghit ;imgaﬁ&g%bs_-aﬂéer ein,
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d timngs at the base station 100 of the transmtting

r nmobile station. Is aspect is detaile
ethént mobibedisterttion. THikd 5 iasgdre wWis edessile@nsni ssieon

i.ng. fo.the esent inventiaon, . the nobile station 10 10,
gbgFPti€§¥°5ﬁé ﬁ%ﬁ ﬁﬁﬁgglnﬁﬁ??QﬂﬂﬁQﬁﬁf enabl es a generating of

signal havimg !t henf reguenci18BeCt friRsan EBogenakstant hat

of

station (such _as the nobile station 200). Therefore, in an

1@90,uﬁn@edﬂ§@dc¥1§.§n%@:&9%§i gRal the phase
multiplying, enables a generating of a transmitting
signal having the frequency spectrum orthogenal to that
of the other mobile station (such as the mobile
station 200). Therefore, in an uplink in which
multiple mobile stations are simultaneously connected

to the base station 100, a reduced transmitting sigmnal

interference and an increased link capacity are enabled.

(A second embodiment)

While an exemplary aspect of applying
on a fixed basis SF=2 as the spreading factor and
CRF=4 as the number of repetitions 1s illustrated in
the first embodiment, in a wireless transmission system
according to the present embodiment, a mobile statioen
comprises a function of wvariably controlling spreading
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
the first enmbodiment. 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 deteailing below the differences from

to



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

enbodi nent) While an exenpl ary aspect of applying 20 on g fihked 20@si s 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 factgr._of spreading code and the
nunber of chip repetitions. A wireless transm ssion system 2 according to
t he second enbodi nent has the sane basic configuration as the wreless

transni ssi on systga kiasrdelmidanehd 3GelrBerihgStoenbari neaka Fhes.ekor e,
nuneral s of the same colum (with the same tail-ends) are assigned to the
nmobil e station and its el &nt ¢ 48 as CHePatict WéaggascOfptamnoWRFREL

detai |l i ng bel ow Egﬁfgéggaegi%gcegffrtgng}égwg&ngFf%%imﬁéiwe gy&éﬁ 2 and

enbodi nent, referring to FIG 4 an I's a schematic diagram
of an overall cenfégnfiguireniat vlie avi mebeds tsrtansonsLilonasystdemg? and a

configuration of mobi | e _station.20 accqrding to t he present .embodi_nment.
The control | et 2805 WiEEREPE AFOOSifRER dbSei TPERPd 1P Re HHobi 181 Et abh of 20,
variably controksehder Sppeadiig tactiie ohobhEe SpEgaddmNg200d6s/axdaglirhe

nunber of chip repetitjons based on the controlli ng information sent from
the base stati onCa8tIPLENtBRt SOFERIAPParfRCHST T sTRBNtSPEIFRAHE | #P8RNat i on

includes the spraadi ng,d aglufiteANdrt NG 1pUMASLL Gl 16RL P pdseRetdd | @8 to be
applied to the nobile station 20. Below, referring to a sequence diagramin
FIG 5, an operatfPBhT®Flite Wwhfermasdonr a3fdHs s&FoR 115 RaenfPaticrdesddri bed.

10 an exterxnal apparatus. This contreolling information
I includes +the spreading factor and the number of chip
repetitions to be applied to the mobile station 20.
Below, referring to a sequence diagram in
FIG. 5, an operation of the wireless +transmission
15 system 2 1s described.
In S21, the spreading factor and the number
of chip repetitions to be used by the mobile station
20 1s reported from the base station 100 to the
mobile station 20. Such reporting may be by
20 contrelling information sent as broadcast information
to an indefinite number of mobile stations, or may be

by controlling information sent to a specific mobile

f—

station 20.
In S22, at the mobile station 20, a

25 transmitting signal is 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

(823). Then, the signal received from the base station



In 521, the spreading factor and the nunber of chip repetitions to be used
by the nobile station 20 is reported fromthe base statj;onadOQ2600 t he
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 transg&%ging signal is generated based
on the spreading factor and the nunber of “Chip repetitions reported in

521. The generating of the transmtting signal is perfornmed according to

t he sane procedu as.th i - ra 1tLy i.gnak_ i he
first 30 enbodi rr%ﬁ? ?él |§?%%3§rﬁgé1 gggfi%'{}%s:troat e I%bﬁ?@ﬁ%‘ !Eel'%%blt
generated signal and sért dudrart hef nohipe =patrti ohon20 repottsd bdsemsttaki on 100

via a wirel ess channel S23) ...Then, e signal received fromthe base
station 14 MARCH’2d%7 St-a(z'ioﬁod‘oios Jd?anﬁéﬂl é?je% ‘according to the spreading

factor and the nunber of xEhi ges@paidd | M, d epasimd themiiikelebase station
100 in S21 (524). As described above, using the wireless 5 transm ssion

system 2 accor di BEARTIRIOPr cEEHEN ohhGEFRBRINT t hE OIS | BTSISRY on 20

generates a trapsgbdinddid Sional nBesed QRathe, spoeagifgafastoy of the
spreadi ng code and the nunber of chip repetitions. In other words, the base

station 100 enabkeangm tho-ngpptiomealat ke sdthngiing-hef $preasiipgadiangoracedr and
the number of CgLQ rsgﬂ%%h%&”%o% D&y Ushid irﬂ%rﬁﬂ%? S&@”@hw?’%ﬁ%@&%ﬂ%@.the
nmobi l e station 20. Therefore; a generating of a transmiting signal using
the wrel ess pafanettdes sitdyl etior bhbe rsdspeéocti Udlcedtables 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 wvireless
parameters suitable for the respective cell
15 environments without providing at the mobile station 20
individual wireless interfaces for the respective cell
envircnments is enabled.
Furthermore, this transmitting signal
comprises the frequency spectrum orxrthogonal on
20 the frequency axis to the freguency spectrum of the
transmitting signal from the other mobile station 200.
Therefore, a reduction of Iinterference in a
transmitting signal 4in an uplink where multiple mobile
stations 20 and 200 simultanecusly connect to the base
25 station 100 so as to increase the link capacity in
an Lisolated 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 1s shown in the second embodiment, the mobile

station comprises a function of wvariably controlling



15 environnments w thout providing at the nobile station 20 individual
wireless interfaces for the respective cell environnmentgnysrenatized.
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 transmttipg_signal in an uplink where

mul tiple nobile stations 20 and 200 sinul taneously connect to the base 25
station 100 so as to increase the |link capacity in an isolated cel

environnent is eprbl edroLA A FdcePOdingENE e VWRinhiSe @Noexeplary aspect which
variably controls thé spreading factor and the nunber of chip 30
repetitions basedepgtitionsprizagtidhgon adher egid t Bevimarbentofrapviryedepatant i ons
reported fromth a stall i s;.sh i e i e e
nobile station g%%rp?llgggs %I t‘&%& i°’on gﬁgvéjrllrtgg%écc%%?g% ??%%%49%@ 2007
-23 the spreadi ngectaoiiorg ahd tthe rurmdsentofemtudimentpetiti ons based on the
cell envi roanent reported from ]E)he b%\se station in the V\grgl ess

transm ssi on system accorti FgT T The “pFETERs 18R SHSTER: .0 52ACRF I %t

transni ssi on syste& Inagaordiivedikent t hast hivd eshodibaent haswrtihgrseidgs basic
configuration as the wireless transm ssion system 2 detailed in the second

embodi nent. Ther 8F or'd® nGHEFLESS oFrAKELSsARN DB ¢ wiekathed s4dme the

tail-ends) are assigiedehBodiiforkl MPhdldro3lal iQheadldsi (g eLROERLR LSO as to
omt the description as well as detailing belowthe differences fromthe

second enbodi meneolwet erlFiikly ttheFl@mes thrbrids) Flage gassigned 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 is 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 specifiec to the mobile
station 30, wvariably controls the spreading factor of

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

25 sets the number of chip repetitions by the c¢hip-
repetition wunit- 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
cne-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 mepj vaRd007
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 indicating thez4eell 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 repetitionsehyitdmnerii prhicpethei eobidbt s¥ttien” 130 | fahlcasethiat the
cell environnment which the nobile_ station 200 falls within is a nulti-cell

environnent. In &Ehé?® woPA2ted FelienViGem Har tHe CRPPIPEWEti ffon is not

performed so 30 phatoamd chﬂgréﬂlﬁﬁd'ﬂﬂléﬁcﬁﬁéréﬁéﬁt théeneh¥ert RE oNgs cel |
frequency reuse Is achieved so as to increase the link capacity. On the

ot her hand, in axeneelwsise Whél%eﬂﬁclﬂammO?Preém@wfﬁ@mnt whi ch
the nobile stati 9??§Qrz§ c#o h'n[&mbmgl %1’ ' ék?iﬁ"t ?Qgg?#m%@” .{é)n @t ’tot he

controller 38 péerforns cont ro lin i NCrease nunber
repetitions whil bede@:r@d& 20 tlheolsprreaell, ngorace:ompls PCRA eloéblarolmtie lhunber

of chip repetitiqgns is get &Ectr ggeeq:lhal to 1 or, nore, t{lo exarrgle CRF of

around 4, so as°to Uecréa magni thutdﬁee sprea |n§}1n"efj'l ctdr onl y for

t he nunber of chifpctepetdriliyonsor Heheby;umbas i 6 t eEipi r:@lpesitidsmsrmssélﬁm
system according to 10 tFe fi rs% and the second enbodi ments, the frequency
spectrum of the Adbite P&t i"BrFe365S arfdaPARESHFOR h&YSHEDI FECRFHTDNT300 wher e

the nobile sf@ti @8 rfirst and the second embodiments, the frequency
) spectrum of the mobile station 30, and that of the
mobile station 300 where the mobile stations
simultanecusly connect to the base station 100, are
orthogonal +to each other so as to reduce interference

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

20 Below, an operation of the wireless
transmission system 3, referring to FIG. 7, is
described. In 831, +the cell environment which the
mobile station 30 falls within (one of a multi-cell
environment and an isolated cell envircnment) is

25 reported te 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 S32, 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 transm4fanguognal s 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 transpgssion system3, referring to
FIG 7, is described. In S31, the cell environnent which the nobile
station 30 falls within (one of a nulti-cell environnment and an isol ated

cel | environnent yoisestontepes t elet adihe embidoamshat irepod@elir am t$ml base
station 100 _ Such reporting may be by controlling inforpatjion sent to an

i ndefinite nunbeFrodf IBBBFREINGt &fi € (BFIIEAIEDI nfIORaLi o) , PBFESRPhe by

controlling infogpalifnsent thed SRRCTHIScdRRiel s 3_Qh§t?én‘éﬁ}a@9ngi B£532, a
transmtting signal is generated at the nobile station 30 based on the
spreadi ng fact ofh@ndrehenhlitdner 8igehl parepeding ok’ Whiec hf 428 YVARCH 2007

25 correspond {gntlin-celd eavt LaRERgh S9ROTILd () i utedNEn 09481 a3j N of
the transmtting signal 1s perforne according to the sanme procedure as the
generating of tfiket gensmatedngighghalisacommimigted tvie far stixBlesdbodi nent

(Sli through 513 as il lustrat in Fl, 2 The generated signal is
transnitted via ﬁﬁWIPeell e §°mc&g‘ﬁn@°kfl&8m %%t%bi f‘g §Pat?qbei1 %% o0 the base
station 100 (S33ytadiran, 1bbe g3gnal e tree basgnalst akban +kQ0 Hase

denodul at ed based on, the sgr eadi ng 10 factor and the nunber of_ chip
repetitions whi cAt2eE edpBnd s odeMRAEE P RASEINRBNtERSe pBREREPPom t he

10 factor and the number of chip repetitions which
correspond to the cell environment reported from the
base station 100 in 831 (834).

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, 1in a case where the
controlling information reports a multi-cell environment,
P11l and P21 in FIG. 8 are applied as the wireless
parameters. As a result, the spreading code (SF
cellular) generated at the spreading code generator 33-

25 1 is multiplied by the spreading-code multiplier 33
and then the scrambling code generated at the
scrambling code generator 3%-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

contrelling information indicates an isolated cell



base station 100 in S31 (534) Below, a flow of major processes executed at
the nobile station 30 is described, referring to FIG 15,8;.dh§ 04" €l 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 informatieps¥eports a nulti-cell
environnment, P11 and P21 in FIG 8 are applied as the wireless paraneters.
As a result, the spreading code (SF cellular) generated at the spreading
code generator 332Arbnmsniul ®ilpl ard B2 t HeasghehdingFogde8huladepl i er 33

and then the scranbli.ng code generated at the cranmbli ng code.generat or
39-1 is nultipli eﬂ?p&fregheas ségﬁnﬁﬁrﬁ ?éﬁd@arﬁifr‘?fs;ﬁﬁ’ml‘h‘%g( rf&suillgl'ustthreat ed in

FIG 6). Subsequgidaiinghecast pgdddRgeds Per aemypraatibagtcsie perform ng
chip repetition at the chip-repetition unit 34 (CRF=l)._On the other hand,
in a case where tFRSTESAREr A3 iingPy nfHEMARTHRSIRET el s MHATIRBISR ed3 clSF 14

MARCH 2007 -326 gnwi pBRBNtys P&alé{m%%% Lhat ehed iheFl G Bhiang applied as
the wirel ess paraneters. As a resul't, the spreading code generated at the
spreadi ng-code gaT@raterd 33- 1thy tsitgampl segitangiec ogenanatoirpl 3%rl 38s(SF 5 hot
spot) is nmultiplied.,and.then scr.anbl j de..generated a h

scranbl i ng- code gfneuﬁliécrlggé%gw-lﬁ:gﬁﬁ tn% tf%{]ﬁgeggp?ﬁjé%,‘o hgﬁgﬁ? ptCrRtgpgt ijti B
where CRF > 1 at tHehechbipprarepettibnorunini t 384 iiss pgrerfioaraedd s0 as ttw

generate a signal _having a predeterm_ned chip_pattern.10.and.to nultiply an
user - speci fi c pha% .erﬁéc ebi/, Siﬁﬁaf rﬂavulg a pPe etermined chip patter%

10 and to multiply an user—specific phase. Hereby, the
) chip pattern is kept constant.

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

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

20 within is enabled,

(A fourth embodiment)

While in the <third embodiment an exemplary
aspect which variably 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 1is described, the mobile station in a
wireless <transmission system 4 according to the present
embodiment comprises a functien of wvariably controlling
the spreading factor and the number of chip repetitions

30 accoxding to the number of meobile stations
simultanecusly 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, 14 Mxdipht e 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 environmddt 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 spreadi ngscdde antraifeSnubIRNISIEESEAN pSYSFESi t4 088425 baskaiind t he
cel I environnent ; yhi,gh the.mbi Lgdst@ﬁiran errfb%ldlf‘n.ﬁee(\gg hi gy L5, £escribed, the
mobile station in a wreless transm sSion system 4 according t'o the present
enbodi nent conprhasesrald untt ithre ofamear cablyn cdri.til Itheg sanze S leaohideg

fact dth nb f. chi titi 30 di to . th mb f
mobi | ¢ Stations SSFmACARESUSIY COMeBPHILE o Habaeh Sidti . FHE=Tacr ol ess

transm ssi on systemab ac6oriing € t Beséoigikbn esfiQd ngetziQQmpr IS8t he sane
basic configuration 14 MARCH 2007 -27 as the wirel ess_transm ssion systens
2 and 3 detai | ed ¥ n < SZBREIR ARAMt Hied ¥V ne?f s thehddeffre, nuneral s

of the same col ugpnésMddhdshe safm-tiall -endgrs. af eaagsigRed1p0 the nobile
station and its elements 5 so as to omt the description while detailing
bel ow the differences frdMm&-he®sdcond siagrae i rah ewbballhents, referring

fo FIG 9 and FlGoni0ouflord 15 3ndi 8100 ARaA4RE8 Jon COPLLGHT 2T Of

the wireless transm s%lon system
10 the configuration of a mobile station 40 1n & case

) of wireless connections from the three mobile stations
40, 200, and 210 to the base station 100. The
controller 48, which is an element specific to the
mobile station 40, wvariably controls the spreading

15 factor of the spreading code and the number of chip
repetitions based on the controlling information
indicating the number of simultanecus connections
transmitted from +the base station 100 as an external
apparatus.

20 More specifically, the controller 48 performs
the contrelling 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 statiens 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 21\ d@9;ijge 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 simultaneous conn@®tions transmtted fromthe base
station 100 as an external apparatus. 20 More specifically, the controller
48 performs the controlling to decrease the spreading factor of the
spreadi ng code WiRGreass néheas®echrdhe UsgRBereldilicipppy| énst athondigbnnect ed

to the base statiop, 100, a5 ¥"e'zjesg§ttOef-nnciﬁé’f@asteh?mn%rl Kk CRLBacity

repetitions. 25 Interférence anong the transmtting signals fromthe
respecti ve nobi | ehilat isopprissimaséstasfetmasundrernof theplresgestatd ons
si mul t aneously co%lgft ed i@gr eases. Th he arrangenent such that the

transmtting si gﬁ‘g ¥r & ﬂrésrégpe%r{alﬁ?dr‘r:)bi | e stations 40, 200, and 210

30 being connected to the kese Stadi epe2fi &f eodr thegondtelays t he frequency
axis to one another with an increased number of chip repetitions enables a
reduction of nul EtFPRETERTETs PV eferide dBSEEIRSS 1BY VAREREDERT - 28

i ncrease the speghrardisage efficiency and the link capacity.As a result,
an increase in the link capacity while suppressing interference anong the
respective nobile stationkri §4énalfibéd. nBERY odf HITYPHERREIWILYOT t he

wirel ess transmcgﬁh&?@tﬂ’étﬁ%ﬁ[éSs@§§£££§’e°1hg¥ r&f 8L NGunb@r Flde 10 In
541, the nunber of sinultaneously-
10 mobile stations currently connected to the mobile
j station 40 1is reported from the base station 100 to
the mobile station 40. Such reporting may be by
controlling information sent from the base station 100
as broadcast information to an indefinite number of
15 mobile stations, or may be by controlling information
sent to a specific mobile station 40.

In 542, a transmitting signal is 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 $13 as

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

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

reported from the base station 100 {544) .

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 {fhp{RdpSyopase
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 nmobile stat4®n 40. In S42, 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

si mul t aneousl y- cGFABEREIS 1qfobPYELET athi ARCWEPBIt &@ | S4fouThe generating of

the transmitting sigoalnis RRLT IRY2COQHILAY @?ngﬁﬁaﬁﬂrﬁe ?&'i@&ﬁ@“rﬁhés

the generating of the transmtting signal accor to the tirst enbodi nent
(511 through S13sazealdbngl Ifastpat ed i thd| Eprejdifie gederatedthé gmambes
transmtted via afvvi rﬁal ess chgmn.el fromthe ”Dbcilhl e tatri otgf40D Qléhe base
station 100 (S43)°. Ther R8BS %J?Jgoﬁlzfl }P%%ee v8d f76mthe bas@ station 100 is
denodul ated i B S4tazkased eAmubeaspseadi ngodanited ang 3Het Nmseunbertieh chip
repetitions which_correspond to the nunber of sinultaneously-cgonnecting
mobi | e stations “Feépbr t@gE FPeHtheSEAEECRt APi ofF 1BPPHSHAR B d§§‘6‘?]?36'ed
above, accordi ng dhe thebiVe ekestickd MARGH 28(bb1ed2%d r ansrtssedN Lexwt em 4
according to the fourth enbodinent, the nobile station 40 variably controls
the spreading f&GPEFIEY the YHIMAIANG EGIE IHFHLRESNUTIEFE2EE chip

repetitions based.on hhgspunierf weRiseno steti QRsisiimianeously
connected to the base station which the nobile station 40 is connected to.

Hereby, thelfobile statioRexy,is ererifiadrahiomcrdased: | bake 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 comprises
a carrier-fregquency multiplier 101, 2 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

R—

at the mobile staticon. In other words, the carrier-
frequency multiplier 101 multiplies a carrxier freguency

25 to the received signal so as to convert the received
signal into a digitzl baseband signal. The bandwidth
limiter 102 provides a bandwidth limiting to the
digital baseband signal. The phase multiplier 103
restores the phase of the signal multiplied at the

30 transmitting mobile station to the original phase. 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 enmbodi#AttRGH Y7
described, referring to FIG 11. The base station 100 receives a signal
transmtted fromthe nobile stations 20, 30, and 40. As 15 illustrated in
FIG 11, the base station 100 conprises asjzgarrier-frequency multiplier 101,
a.bandwidth |imter 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 base guabépn KOOcKgeORSHEUTL DR DiBIch dat anzeasanceakr aRet he
recei ved signal according to an opposite process of generating the
transmitting si ghdlPeht athechibi FePStHE S, FePwtissh tRorde thenywttieg-

frequency Ml ti phigt1d0% MEbhP! S ALRfiher IIAAUBRLY s23phe e I ecel ved
signal so as to convert the received signal into a digital baseband signal.
The bandwi dth | desceibd®?2 aprvei deschibampepdied |digneilng Ao &heesdilyit &

baseband signal . e multigpli 0 r t h a t si gnal
mul tiplied Aot hesgggaigﬁisr%ﬂ%i ns%dﬁgéf%e%sﬁ a‘?ig%eﬁ‘rate%dfhgngé;i é%é%eap 195 Uhe
a result, a signanihavildly subtyaddteer ntmedhehighipat seguendes genespreadirkhe
chip repetition cog‘oi er ., 104 uses the 14 MARCH 2007, -30 nupber of chj
repetitions, whié&R Fsr}i Gt esSEHR  SRERBEI D TBRERT r &5et F1F oABTRPERYM ed

to the transm ttiragtofDhidp@retat it@n, thd ERENERI NEHy oMbl SkgatiodSso
descri bed above a chip-repeated signal. As a result, a 5 spreading chip

sequence is genefdt et? TRETEERprE&diTRFEINRTL SEGBakul ¥9 plthes mostudREShi p
sequence the1§pr@adbNGefore spreading. The data demodulator 106
! demodulates +the modulated data while the channel
decoder 107 decodes an error-correction code so as to
channel-decode data after demodulation. As a result of
the channel decoding process, the binary data sequence
15 input teo the mobile station is reconstructed.

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

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

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

25 determine the pumber of c¢hip repetitions and the
spreading factor to be used in the reconstruction
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
30 controlling information transmitted to one of the
robile stations from the base station 13 and the
controlling information transmitted from the mobile

station, the number of chip repetitions and the



code having the sanme spreading factor as the spreading factor reported to
the transmtting nobile station so as to restore the regemugdsigenal 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, thegjbinary data sequence 15 i nput
to the nobile station is reconstructed The controller 108, based on the
controlling information transmtted to the nobile stations 20, 30, and 40,

variably control ssgihedspgeagidi@rf aed obeOfuddie ifprerdi Ageedevtoide used at
the despreading unit 105 20 and the nunber of chip repetitions to be used at

the chip-repeti tRFESbPhethe0L£eRvedyetion e HHFELTt atiivh BB®e as
illustrated in K 12 ed.o ontr h ng: 4 nf i.on fram one
sl.t%tljo% ?@@ (.jLS nrbd{agag:eﬁn% %%h.%gglﬂ% gQEMaL cixﬁ%ﬁol&#ﬁB

of the nobile stations 20, 30, a eterm ne the nu chip
repetitions and tirforgpteadi Mmyaravtdted o te tsedmphildhesktetbrrst wathi drne

process of the received.signal_.at the controll er . Euyrthe re, as
i|lustrated iﬁ Flﬁ%tff, “CRE PHSETREATT oﬁefﬁévﬁ%y]fgginert%enerf‘é ed on both
the 30 controlligwgetiinhorsat ithatt ransimblied ashd specaly tdehiiebiakeost atsi ons
fromthe base station 13 and the controlli nq}rjtoirlgornation transmtted from

the mobile statidh, "PRENRE of 2R er € me9ard t e 13PRRRERD007

-31 spreadi ng factfftd:0 BRAUSER | Rt I 8EONEHiRUCEESHL 1 thbASESSs ObetfBmed.
received signal. Hereby, the base station 100 is enabled a collating of the
control ling infofhatP6h t3mngPetled o MHFE noBFIEESt o3 1B lni FRARE B ing

control I'ing iypf ormiggcg%%g’eqsf ré?mbtl@@,msllﬁ\ing that the receiving
‘9 of the signal from the mcbile station is performed in
a case that a wvariable 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 mcbile station is assumed
to be constant, it is also possible to change +the
comb tooth—-shaped sets orthogonal to one ancother 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. 15A and FIG. 15B.

FIG. 14 is a schematic diagram of a

30 configuration of & 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 chimsREIEIONS 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 enbodi m3%) 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 ble to change the comh tE(I(Gth Bhapetesetcdhidet wigariah taongrdsanotaher in
20 accordance with data rates ired b the 0;lgpectl ve . nobil.e stations.

Bel ow, as an exanii*e2:ar87R ntPIG4 BT RAS 75% he data rate

desired by the respacltbys rf(@alll errsdighons-mgnd2 o1 ateasegief 2balyi ng 25 such
data rate are described. First, the enbodi nent in which t%e data rate

desired by the rd8PddrlierhoRifBalstdriovas 20 3ubl 2eFamdigese?ided using
FIG 14, FIG 515Agé}rgia%b<§s 1631 FlGroldni Ss@rgchesnty crdiagameh-a 30

configuration of a npbile station according to the ‘present” enbodi nent.
Needl ess to say, @sintrepetohidémguraitsdn20§—h ﬁéﬂ@lﬂgbl 203va, danebidgt e woul d be

i i) 60 by D SeLMRCHLR007. 8210 ELGields e mSoRt align compr ses

C-n) 202-1 througherwmrs rB.UGt-—IlpltlEd’cﬁ:gﬁO%(ﬂS—bﬁr oangdh 203edinbiserantdi.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 respective parallel symbol
sequences output from serial-to-parallel converter 201
are multiplied with the spreading codes (C-1 through ¢-
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 multipiying of & different phase

30 segquence every n sequences is needed.

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

fregquency axis as illustrated in FIG. 152 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 sequqmml{d?{gﬂolj hr ough
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 i nput
synbol sequence so as to convert to n sequences. The respective parallel
synbol sequences output from serial-to-pardd el 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 thF8ughBC ad g&acr atled aret sehemebib| idigosade

generators 204-1 téhrallg T pe
performed at the chl%yr%pégﬁ%% Eg%%@ﬁ%f) &Qﬁﬁrou %5 Hé]}-lsgﬂéélt%ng
spreadi ng codes angma0 tire sbianbkhag dzﬂdaesranu,dtdptlmﬂtbyt heher esgEiclts ve

sequences may be common code r, djfferent codes. The respective parallel
synbol sequences Siﬁtéf’n i pg?‘%b]eetq'ti on are phase-nmultiplied with the phase

sequences (P-4 through P-njs gem%ateélt@d the snghi | 2525 shatd oBaseeeil i c
phase sequences generators 206- t hrough 206-n so as to be conbined for

out putting at tWé’U@éﬁrﬁgné:ﬂ"eZG#ataHeFéFﬁ degérpPady setfchekiigedtPrhioR he
phase mul Ui pl yi ngios il 1 Lgga! G AROHNET A£ORRIHOPt Bo SBle SErddidl 3

mul tiplying of a |fferent p ase sequence every n sequences I S needed.
Such chi p-repeat ethbodduente ¢babiheddhad témmb-torbherdr speZtTenprsesesisa
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of an exenpl &by fassdgendy tspecte umebfila tstansont tsongas sitgnatransmifii ch t he

data rate deSirEH%f¥%eEQ§tr"§§ta symbols for the respective sets. Hereby,
a transmitting of a transmitting signal from z mobile
station at the data rate double the data rate A as
indicated in FIG.15a is enabled.

15 Next, an example of a case in which the
data rates desired at the respective mobile stations
is halved 1is described wusing 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 colum (with
the same +tail-ends) are assigned to its elements so
as to omit the description in addition to describing

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

The difference between the mobile station as
illustrated in FIG. 16 and the meobile 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 used in

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



station is doubled 5 As illustrated in FIG 153, in a case of doubling the
data rate desired by the nobile station (to the data ratg Blpacsmsding to
the 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 from3-obile 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 hal deglisateschebethmgi ngyididd  d6qudrice 1FAn asefjudric€s.17B. The
nobile station a cordifjg% t% the present 20 enbqdi nment .gTas b,gsti.coal Ig/ t he
same configurati T88ItRe g&nf?%ﬁﬁa??%%eso% the bir[m«;J‘:'l Fat T oh-ag &f
illustrated in RhGustdatddenal orms. nugenal spedfdreasane colum (with the
sane tail-ends) are assigned to its elenents_.so as to omt the description
in addition to describing PEbetdw #Rhe ditff et BhcéEef rCHeMREIENARHRRE as

described abgve.s eLer gl RIC 16, cELGueddA BBGHG of 78, The

difference between the nobile station as illustrated in FIG 16 and the
mobi | e station asrapsniSting edithnaFl Gith4 the t Gaka t Ketenpsigeisgdbdly Boe

sequence i s not sngéii-gla-t -Ranal 1eli.gnverted, but rather parallel-copied. In
ot her words, accor ilng t%atﬁe present enbodi nent, the duplicator 211 is

used in lieu of the seriahstd-ldasakbedéd canveriGer PTA, sonas t 0agd MERCH 2007
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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 is enabled. A +transmitting having such
redundancy enables characteristic improvement due to a
freguency—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 spreading). The configuration
of the mobile station according to the present
embodiment is basically the same as the configuration

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

station as 1llustrated in FIG. 16 is described. The

mobile station as i1llustrated in FIG. 18 multiplies at



illustrated in FIG 16 is perforned. FIG 17A and FIG 17B are schematic
diagranms 5 of an exanple of the frequency spectrum of a4kfsaeSMghti NO
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 shaded@3éenb- toothed spectrum set are
all ocated 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
the nobile statitheamdthplved 283tz rtde sRi=Rdivg terdheClnea ganerated

illustrated in EJLGthJJAchsec{e/n%%e f%rEraE}?em E&&gl h&_& veﬂl& r edundancy

enabl es characteristic i effeit due to a f requency- rsity effect. 20
Furt hernore, as annvéfﬁewlceua‘aqml ehef symbpdnf sguuatdeonsof =& nodi sersahtion

whi ch hal ves t he rate desir the nobile statio to the dat rate

C) a configurati Bﬁrg)tsﬂ?ll I EQ?Y%E%d%P‘ﬁ Iﬁ%eaféngnﬁgﬁ*lag b%-‘h%&%feﬂ]e?' 'Fﬁ@

nobi | e station agaké igrodstsatRd in Rhe ddbiie comPfisedaby :aqubtpifet he

frequency- donmai n_spr eadi ng with the tine-domain spreading (two-dinmensional
0]

spreadi ng) The céRfif§-attPonts oPerfReIMAshi | e station according to the present
embodi ment i s basically thg sgRE-Asde QAL | gg(:ggi,g&éotgf e

station as illustrated in FIG 16. Therefor: herein,” t he dlr%ferencefrom
the nmobil e statstatisnikcastrdngdton HiG flﬁthsembsdmm Thechamglyi | &f

station as 11 ustraleddRoE 1Byl Ll 88.aka 14 MRGH RO0Tcer 30 e

mul tiplier 203-7 e spre req gen rate
10 mob:.le station according te the data rate desired by

! the respective mobile stations and a flexible
assignment of the data rate in accordance with a
change in the communications environment of the mobile
station while obtaining the MAI reduction effect is

15 enabled.

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

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

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

Next, a program for performing the

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

is stored at a program storage area 300a comprised in



at the Cfreq 212 before the serial-to-parallel conversion to the synbol
sequence so as to serial-to- parallel convert the spreadilg%ﬁ(ﬁp%m
Subsequently the 5 sanme process as in the nobile station as IlTustrated 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 nobil e-=g-ati on according to the data
rate desired by the respective nobile stations and a flexible assignnent
of the data rate in accordance with a change in the comunicati ons

envi ronnment of thke mebér@incstaddium Wal)e abtwdrdlrgst herdvdinisedoeti on ef f ect

is 15 enabled. Mreover, while the ?éerrpl ary cases of doubling_and hal ving
the data rate dedTPEFSHY Th@IORBETFI & 18t AT 1868 ordli AYLE o PABLE I £

enbodi nent are d@Sehi begheAbhehabUlthieP| yidteskacs Or SefBYatlgp he 20
applicable. Furthernore, the chip pattern. and the phase sequence, or the
frequency band (\WefsaithERGhBSENAY, 0B dimedrFodEle bacdhbmgédZin 2

accordance W th tfig. COLELGRL qg&iuclgnd%ﬁ onao;sptf%gdgg pcg%%é; ve nobile

stations. An use of proximate Trequency bands b nel gh ng nobil e
st ati ons enabl es maltdgdginen rofiuientidl, crangbiprremEfigdienceoshileh 31ipaces

the surroundings, .ln_addition, further e ncement_ pf. the . ...

frequency-di ver sispthf%f sfelgﬁ#%lenﬁabrf‘%%ﬁl g?éa’ aagftt%l}agljﬁd grllpnélr%lgrgm ng the 30
process of gener aiddujea IxBnsai tdarrgest fnedueiogm mul Hipdgi yg daia@uiequaisce i s
described. As illusirated in i_rel ess transmi ssi on processing

glG 19, f Wi
program 310 is &6refl SIS OGFANTEEBragE tar 2° 3668 EoRPFPSRd in 14 MARCH
2007 -36 10 The functions implemented by executing the

! channel-coding module 312 arxe 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 words,
the channel coding module 312 applies the error-

15 correction codes such as the Turbo and the convolutiocn
codes to the input binary data sequence so as to
enable an execution of the channel-coding process at
the mobile station. The functions implemented by
executing the data modulation module 313 are the same

20 as the functions ‘of the data medulators 12, 22, 32,
and 42. In other words, the datz 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 mohile station as described above. In other
words, the spreading-code multiplying module 314
multiplies the spreading code to modulated data sco as

30 to enable an execution at the mobile station of the
process of generating a spreading chip seguence. 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 procesgatugeserati ng 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 multiplying nodul e 318, -3amd a controlling nodul e 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 theepaobitien staiteong410,2420, 380, =amd 49. [n cither wosgss, the

channel codi ng ule . 312 appljes the error correction ¢codes such as the
Turbo and the cgﬁ%& i 8h r%ﬁ%@stlﬁ? t’ﬁ%‘i‘ﬂ?pu%%%i Fia Oﬁ‘ﬁfacg‘éaue?‘?@?@téﬁl%% to

enabl e an execut ken ‘afe t Ber&édanie! chogli RGGRERELSTod! o t Becadbidmeneati on.
The functions inplenented by executing the data nodul ati on nodul e 313 are
the sane 20 as t RE"PEhcHonEeRAtHEr8atSP nBdult@ ofRaRte 3be Fwbilgng 42, |n

other words, 4 hesdatgofodyl alianpdle o343.e0aklreSydle thengoly | e station
an execution of the process of nodul ating channel -coded data. The functions

i mpl ement ed by eksederemnrines eBigppesteny- code nultiplying nodul e 314 are
the same as the functions gf t adi ng-cod tiplyin t he nobil e
’Phe[ t}%{mﬁg{;gnswo l%g,feq\%en‘t[gg E )éxegutgllég nutfx{—:*

station as described above. " Tn" 0 g e spreading-co i plying
nodul e 314 nul t ppheesmbhteidHprieadimpiviede31® swdult@iedsaat aaso &8 30 to

Cproadi ng ohi p sCHIBRLEIS TRE. FifcEhafe PHOFRLMIEN B9: ottout Thy PHD O p

repetition mpdubg 3= amebibe saaRias the dewetieds sbodde Thigrhkd MARCH

2007 ) words, the phase multiplying module 316 enables the
mobile station an execution of the process of
multiplying the mebile station-specific phase to the
chip pattern. The functions implemented by executing

15 the bandwidth-limiting module are the same as the
functions o0f the bandwidth limiters 16, 26, 36, and
46 of the mobile station as described above. In other
words, the bandwidth-limiting module 317 enables the
mobilc—; station an execution of the process of

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

The functions implemented by eXxecuting

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 mokbille 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 spmneadimgochi p
sequence for a predeterm ned 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 sane as the functions-88-the phase multipliers 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 nultBpfyiengbihe -nufsi | molsilat | ohaspeci &iic gyieavbire e thehip

pattern. The functions i nplenent by executin t he bandwi dth-limting
nodul e are the sBRE“E¥ t R \falﬁé‘?"rdl'gnscodjf)scrf#ilﬁgn%aﬁedts}?ﬁ%aﬁilpgr g?r26°,tn3>6,
and 46 of the mohil esflatiifg addessid beHe abewBer! Ot BRIp WepEsitildis .

bandw dth-1imting nodul e 317 enables the nobile station_ an execution of
the process of 20 providi HPEEWEAdW i Viretssfy FHRARIE SSAAB e RRCESPEPR

chip pattern.s Th?gagﬂ&ﬁi ang iR egsntc%ﬁf%@ﬁcuhi ng LBgn&ar cl.ekh- fehgquency

mul tiplying nodu 18 are the™ sane as t nctions of the

carrier-frequencgl2s qrul &i margdsn1Rf 2¢vhaB7 pragyam7 isf tramsmobied U4t i on
as descri bed aboye. het L h rrier- f i pkyLn

nodul e 318 enabl és %ehs%'glgFceﬁ{\ogr%gﬁ%nesé%%exéégutai nég o# %?%ét%%eggx%f %o

mul ti plyi ng the aeartad ebef nepedneg thy the dhifprpatier nahdr comanshessicons. 30

Ine funct one RGSTBALE, PLLEteR | po, e o alLLle md £ g e e
station as describetuaihgyeinstaltdi@omwrds, the controlling nodul e
} While the embodiment as described above is
for a case of applying only chip repetition at the
mobile station, hereafter the embodiment for a case of
a combined use of chip repetition and transmission
15 +timing control is described.
(A sixth embodiment)
A configuration of a wireless
transmission system according to a sixth embodiment is
described. The wireless +transmission system according
20  to the sixth embodiment as in previously described
embodiments, comprises a mobile station and a base
station, the mobile station having the functions of
chip repetition and transmission timing control. On the
other hand, the receiver of the base station comprises
25 the functions of a multi-path interference canceller, a
chip equalizer, and a freguency-domain edqualizer. A
summary of the functions of the mobile statien and
the base station according to the sixth embodiment is
provided below.
30
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| NTERFERENCE | NTERFERENCE SI GNAL FROM OTHER BY MULTI - PATH TYPE OF MOBI LE
STATI ONS PROPAGATI CN CF | NTERFERENCE ( MULTI PLE- ACCESS TRANpMJH biNe SI GNAL

| NTERFERENCES ( MULTI - PATH | NT ERFERENCE) REMOVAL OF MULTI - PATH

| NTERFERENCE COMVBI NED LEE OF AT THE BASE STATI ON APPLI ED CHI P REPEATI NG AND
( MULTI - PATH TECHNOLOG ES TRANSM SSI ON | NTERFERENCE TI M NG CONTRCL
CANCELLER, CHP EQUALI ZER, FREOUENCY- DOVALMGEQUALIZER) 5 10 15 20 14
MARCH 2007 -40 5 10 Next, a configuration of a nobile station according
to the sixth enbodinment is described. FIG 20 15 is a schematic di agram of
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 asreceiving-data

10

Next, a configuration of a mobile station
according to the sixth embodiment is described. FIG. 20
15 is a schematic diagram of a configuration of a mobile
station. A description of an operation of chip
repetition applied *to the mobile station which has
already been provided is omitted.
In FIG. 20, the mobile station comprises as
20 a transmitter a transmitting-data generator 221, a
pilot—channel generator 222, an adder 223, a spreading-
code multiplier 224, a scrambling-code multiplier 225,
a chip-repetition wunit 226, and a transmitting-timing
contreoller 227, and as a recelver a receiving-data
25 demodulator/decocder 228, and a transmission-timing
contrel 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. Below an operation of the nobile station ig,yd@e§fdped. (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 14 MARCH 2007 -41 then spteadi ng-code nultiplying at the
spreadi ng-code nultiplier 224 and scranbling-code nultiplying at the
scranbl i ng-code nmultiplier 225 are perforned. Then, chip repetition is
perfornmed at thetbahpspepetiitg-orode uniltizlisg aesttmhgers@rataelim@e:cccmwb

toot h-shaped fre enc mas a transmtting si Such erated
transmtting si gﬂ Jter':(l?l g%tt‘a@‘g atCTE ARSI | ﬁ‘ﬁgttjr?ﬁyﬁd‘gcoﬁ gRFed at
the transm ssi 0“scibrﬂ&lrhguq‘»QBH@'mdm'lblZ@Z 2bhRe iFrangeirssin timhag, 10
control unit 227 controls the transmtting timngs of the transmttlng

si gnal s based onchhe FEFGELEHRR f EEMPYHEOPREANSH sENOn- MR- AePebiitios|
information dgteghor 233 10 Rg d&sc bﬁépa%e' oM (c%&bop@a H-gﬂaga;da

receiver) 15 The signal received at | e station e recel ved
signal) is input frequ¢rcy egpfvetimata adehwmrwt&iﬁldecwlzwsw as to be

out put as decodegenég_%:eg ce. %ﬁd@é gna%oe q dflga %gggﬁy{@éaeda nd dat a-

decoded in a cas recei ve eing a a signal. t he ot her
hand, in a case thatshitetingeceimed scgmra:ro:ul&da gontthel [tregssigaadn whi ch

includes the tr nsmttl n i_nf the recej ved s| nal is sent
to the transmi ssi 6ﬁ ’f‘?mcﬁgt ﬂ]t iy n?% JW%n ransmission | timihg

10 contrel wunit 227 contrels the transmitting timings of
the transmitting signals based on the reporting from
the transmission-timing contrel information detector 229
to be described below.

{An operation of a receiver)

15 The signal received at the mobile station
(the received signal) is 1input 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.tn the c¢ther hand, in a case that the
received signal is 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 2 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 ator/ decoder 25 228. The

transm ssion timng control information detector 229 detigéisr@ tovansmtting
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-diagram of a configuration-gf—a base station. A description
of an operation of a nulti-path interference canceller, a chip equalizer,
and a 14 MARCH 2007 -42 frequency-domain equalizer already described herein
is omtted. |n fdequedty-titmsibasqusl sddronatosgdy Sdssaribeanshessionisi m ng
control informati ont%%?erator 111, 5 a transmtting-signal generator 112,
and processors hrough 113-n of nobile stations 1 through n. As the

configurations of the progessors. 13- kiiy oyghe 113thof herp®dile stations
a through n are the sane, an exerrpl ary configuration of the processor 113-1

10 of the nobil & st&RNEALES i FaTeRg he@ntTAL PrEeEsabion 1 g8eraton hélhobil e
station a corgprge;grQl%sxh .@.&rﬂd_fsl ggalprg%r esstog fypctigns gré‘?unciy tting data

generator 114 and an der eceil vi ng processi tions a
recei ved data derigthdl atbrcmuitodléiﬁ 116 fwmah leenptagsiobs nlil ttha:padzlm .

interference, a ece ved d denodul a or/decoder 116 p et| i on
reconstruction uzgn t E %A &ggr?glcoeﬁ/ea% i TS ng PRSP ajl% . Béﬁ”g n
operation of thellmse sfatﬂr@n ma) leonftPtired as d;eﬁbnghedu abpye the

described. The signals,{romthe tesnectiye, fobL] e, Stal o, (oLl @ 3t on

a0 of the mobile station a is described. The processor

i 113-1 of the mobile station a comprises as tranmitting
processing functions a transmitting data generator 114
and an adder 115 and as receiving processing functions
a received data demodulator/decoder 116 which remcves

15 nmulti-path interference, a received data
demodulator/decoder 116, a chip repetition
reconstruction unit 117, and a received timing detector
118.

Below, an operation of the base station

20 configured as described above 1is described.

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

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

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

30 a through n are multiplied with the mobile station-
specific phase seguences 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 theipsiagessdonrg 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 fic phase sequences conprised in the4®pbile stations a through n so as
to undergo at the chip repetition reconstruction unit 117 an operation

whi ch 14 MARCH 2007 -43 restores chip repetition. Hereby, such

demul ti pl exed gegheres f chipt Irepesipbeni véeneby | essrht idsmalaiphexadh n

undergo the re lti-~path interference.at _the recejiv data
denodul at or /dggéglé?f%lgfgrg tW(%t the s lrvgngmn? JtlienQStc?&lgngr eargcfgﬁg }?uct ed
for outputting as uidiegdecotedrdadaalseqiengatiOpathe iokbhefehainty kbe

received timng _detectqr 118 uses the received pjlot_channels transmtted

fromthe respectffe TA5VEs I PordeRPdtd 2tRF b Lsoldy 8 petFtor FiE he

detection ofstherahesetMed thMNIsre HrRIcRs LS LlEt @6Eedupaetygg Likm ng
information is sent to the transmssion timng control information
generator 111 wiBPe d3r®defarfificsssFoIeNGH-ng control information such that

the received timngs at 1§ npl | &cpdat LORS, a+hAr ough ;B.G0iNgi;dg W th one

another is generated. Such generated transm ssion timng control
information is gelectort RéBadkss 11 sgeasived bpilatdetianinehst he

tr anam ssi on {0 LRBMEF aront EET g 8 gl GaRr s BRIt e e t {1 ng.
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
informaticn generator 111 where the transmission timing
control information such that the received timings at

15 moblile stations a through n coincilde 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 generateor 112. The +transmitting
signal generator 112 includes the <transmission timing
control information as described above for reporting to
the respective mobile =tations.

25 A5 described above, in the wireless
transmission system according to the sixth embodiment,
mobile stations perform in addition to chip repetition
a contrelling 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 freguency spectrum

of the respective mebile stations becomes fully



signal generator 112 includes the transmssion timng control information
as descri bed above for reporting to the respective nobil garicgtioons. 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 3D transm-t44-ng 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
becomes fully 14rvARGEh2D0Withdlorer t hogdmad wint Hhenefzsmtchey @xitshe
frequency axis. Furthernpre,, at the base _station, transmtting signals

wi th a conbi ned use of ch Brﬂf'eérﬁr&riet’i oh aﬁget 556 ahshisdion tim ng control
received S fromudaasfibtimy skathons anenmd t bphbackav thet & plaige sequences
corresponding to the respective nobile stations so as to reoitore t he

repeated chip pdPEATLRS ERE oty MEFPFBITRICE deiflinG pFRET%Ht of $4E- Y& nal s

fromthe respectirye Ml | RoBiadi @Ast:iJNENarthose t1@1dequhticpl exed phasal s of
the respective nobile stations are applied to the nulti-path interference
cancel l er, the SEFYENEGTIalGOZERSPARE hetPr diFenESSRRSTFEVR Stfdiliezer as

illustrated in BliG.;44-t hypough 46 i LERDYe, Ik 5 P +
i nterference calfse lbyst Egl’eo rm%lti - pa?%%%%r%}g%gét on % tchepo tre%sm' tting
signal so as to taetueeorhginiediorof il tephbtiplesr f Brencehel mighhes

nor s, U1 1SCClEl O SRR e KO0 S PRCLOr ook e haEYel Of
base station020 depteityplexedf isgunals onfr ettpd | yespeactive casthilgur atiaibns
" are applied to the multi-path interference canceller,
the chip equalizer, and the frequency-domain eqgualizer
as illustrated in FIG. 44 +through 46 in order +to
remove multi-path interference caused by the multi-path
15 propagation of the own transmitting signal so as to
reduce the effect of multiple interference. In cother
words, the receiver of the bhase station which performs
the removal of interference caused by 1its own multiple
signal enables a2 simplifying of the base station
20 receiver configuration relative to the configuration
which removes multiple-access interference from other
mocbile 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 wused by



whi ch renmoves nultipl e-access interference fromother nobile stations. In

the wirel ess transm ssion system according to the Pres e g g ment, the
nobil e station conprises 25 a function of changing the scra I ng 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 nultiplied at the nmultipli er_g4_2- 1 wth the spreading 30 code
generated at the spreadi ng-code generat or %41 so as to be multiplied at the
multiplier 242-2 with the scranbling code. The scranbling code used in the

. the o anbl (90 EOGB0 T ARG CARTPBITT ngo iniT BALLFD ERETrLTHE

cel | -specific setianbléhg t@odene and the usell-syyewiiffie seranbling eode. In the
present enbodi nent, the scranbljng code switching controlling 5 unit 245
performs swtcHiy BBSedS&F FRECEXt%er AGFATRGMS oFg‘il%g FRf dtYfat POTESET ch
nstructs the suddhiege, Ofcdie: SALATILN bl sueciiiy exbaraahiagnt rol 1ing
information, the cell-configuration information indicating one of fhe

mul ti-cell énvivuoiimeRtsS arm?rgﬁéms 16visghined besrl envi Eemnehteretl one of the
cel [ -specific o AIenagPotldfiaesaMbiny COES LR USEA |O Atk Rdance with
the information such as the nurﬁger 0 si mul t aneousl y- connecti ng bile
stations in an aefl ithk. scSubbéduentcode.t e sthantsdxtegnebdeomtikoliping ng, the
15 chi p-repeated se n [ ut Vi hj epeti.fion at. the data reuse
unit 243 and th%%uﬁ%}%:%ﬁﬁ% ngth\%l t%&ElnéO%gﬁgggaéjé%ue%%ggﬁ%%érogt ed at the

nobi | e st ati on-&pHcisftieg phrasefsetiuvenmel genssldt oenldrbrmanict i goid edhat t he

mul tiplier

1%42_J?leated 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 meobile stations in an uplink.
Subsequent to the scrambling code multiplying, the

15 chip-repeated sequence is 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 242Z2-a).

20 Furthermore, in the wireless transmission
system according to the present embodiment, the mobile
station multiplies spreading ceodes 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 1s described,
referring to FIG. 23.

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

30 (a1, a2, ') and (bl, b2, """} enables a code-
multiplexing of the two channels of the spreading chip
sequence ™al,l”, “al,2”, ™az2,1l”, “az2,2”, .., "bl,1~,

“b1,2", “b2,1”, “h2,2” ... According to the present



20 Furthernore, in the wirel ess transm ssion systen1according to the
present enbodi nent, the nobile station nultiplies spr ﬁ E%C ﬂfs di fferent
for the respectlve channels so as to nmultiplex multiple annels 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 spreading codes havipg.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 channel s of the spreading chip sequence

“al, 1", "al, 2", emi@dilent 82 27 erfomlrggl &%, chipl .\?epe iR30h" to Pudn -
Accordl ng to the present L4 RCH 200 -46 enbodi nent, a perform ng of chip

repetl tion to serde-myddpiaked plasied mwequefncéhmn@%nhela@dA Bnd B

("xI, 1", 2" vy Pl X2 . » €na A f e t

di ffer ent chann&l sﬁvzﬁthl n %(‘rzlze con%2 t'ootgk Shaped s)gée ?Lum eg%’zs rl3Tgor t he

channel nulti phielct:ttg,emngre:fmyhbéerém ekmmila aiclaige the mubi pI exi ng

mul tiple data C an eI i_n_.accor nce \éﬁﬁfh at a tranﬁm ssjon rate and a
1§1e50nt Y &

case of mul t pl ﬁgt SR %% 1 R ahhet. 10

Furthernore, i rhn@lw;rl@x%@ t ranss smpnb%ystiem 8LaRy1di ,nga t @alsbe ¢ esent
enbodi nent, a m)bl | e station conprises a function of changing a nmobile

station- speci fF¢l PR iSgqUBNIEEscth 6 ERSdSer Bl 3CEBREFLTS | M Th
i nformation. Below Qi@t@petfxa&ds‘?rﬁsgg.oﬁh%ajté P | ¢ iRkl ofy i ﬁugg%%e i esThe

description of the process up to chip repetition according to ent
enbodi nent whi ch i teheckznnelasantie aproeetsladoor dinsgrelo t he enbodi nent as

i11ustrat ec!td n FlG 22 | Surthermore, in a wireless transmission system

A
)
:

according to the present embodiment, a mobile staticn
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 o¢f the
process up to chip repetition according to the present
empodiment which is the same as the process according
to the embodiment as illustrated in FIG. 22 is
omitted.

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

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

30 station-specific phase sequence is not limited the
method as described zbove. 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 Z2pmarscmndi ng 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-speciiyc 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 exangdduerick By eOofYdifermainé@gpaethsaich that the respective
nobi |l e stations autononously determ ne the npbile station-specific phase 14
MARCH 2007 -47 sequence®Py E57dd8Eerdid&d et hBIdeAs tescritediove, in

order that the edidituepeadRdsSi ghakseatrddpR hesealobY Be MRS aldons be
ort hogonal to one another 1n the frequency domain, the 5 received timngs at

t he base stati cpridfegonelsitgnabre fanofhehe imespeet fveauendy edenairni onsheeed to
coi nci de. hus, _ | e wreless tr m,ssi_on tem agc i t he
-E rec%é’lvteﬁe %\ir\{l%g%t ?'E FHRM 2] 0N Y& ungf Q‘.E’lg r&éen%lg

present enbodi nen ase *Station conprises a i on of rmng a
| oose transm ttfngn t the ngekpectin< olnobllé hastrespeset ineednoda | eost@itdeans so

that the offsets armnlgtherepeivedtin‘insat the nobile stations are

' t
contai ned to wi LM a Pr ddét eV HIHETSt | AN EFEPRNSYS BBl RFCOLAL B ortept of

a | oose transmi s OBredbnt | RIBEAGRRY Ol tREr hakEed:@itibhe lagrigkation is
described, referring to FIG 25. Herein, for the brevity of the
description, thEREIGS PobPRETCFRINPnE 1oose transmitting timing

13  control of +the respective mokile 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 +iming control are limited to the
two moblle stations of the mobile station 1 and the
20 mobile station 2.
According to the present embodiment,

the loose transmission timing control is referred te a

—

loose contrel of transmission timing se as to contain
the time difference T-D between the received timings |

25 of a received symbol I-1 at the mobile station 1 and
that of a received symbol j-2Z at the mobile station
2 to within a predetermined time difference. This
received time difference T-D needs only to be a time
difference necessary for obtalning 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 Dbase station according to 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. AGGRXkRRYed70 the
present enbodi nent, the | oose transm ssion timng control is referred to a
| oose control of transmission timng so as to contain the time difference
T-D between the received timngs 25 of a received synbol 1-1 at the nobile
station 1 and that of a received synbol -g82 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

f requency- donai ansdiatdritogansdlidsy Hetrwdentibe mEbitle stahtorisliamed Ywad be
consi dered, for_exanple, to be one or around a few blaocks _of a repetition

pattern Such balB% PFEIFPEFBRcOHFAPMEIT The tHFEENFORUMAREE J6F7 - 48

enbodi ment  enabl sy iRQUCGhOIN Of stREL GANT HRL1d na1hedthg b¥operdar NNk
transm ssion timng control of the respective nobile stations while

al | owi ng for théifferencgi ¥l enée theD secehesd e&&PMIAGP tinings. 5
I nci dent al | éﬁ in a case Olfncfiﬁ%%éfﬂy,t he,, !go%ﬁsgr%@r@%}g?lgtcl Haog control

as descri bed above, there nay be a case in I ch mul th cess
i nterference maycorrutrassaissfdrsetiming heonerel ved destirngedaraeyet he

nobi | e stations he base station 10 causes t f. uency.-domai n
orthogonal ity oFﬁ%ﬂée E:“ﬁ?b"p?ner e%eact‘-’les s%%ne‘f?%cgt r?hﬁé—'lﬁ)gg'baé%él/svse nobi | e
stations to beihbstferdnde, ndy t becwd r elsessnt pEfsat Ssifontisy steseiadator di ng

2dding & guard EEGIAL SE5d6 HRAt N Snf P isptar el ThEndAE | R Sighal are
fully orthogonghuids t hgel reqipBeYydosmily:. Bel@Wcha16Rer alf OBhe chip-
! repeated signals at <the respective mobile stations to
be lost. Thus, in the wireless transmission system
according to the present embodiment, the mobkile station
comprises a function of adding a guard interval so
15 that the chip-repeated transmitting signal are fully
orthogonal in the frequency domain. Below an operation
of the mobile station is described, referring to FIG.
26,
In FIG. 26, an exemplary case of generating
20 & guard interval by duplicating the respective portions
of the tail-end and the head of %the c¢hip pattern
generated by chip repetition to the tail-end and the
head of the corresponding chip pattern is 1illustrated.
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 recelved
with a frequency-domain orthogonality when the tinme
difference T-D of the recelved timings due to the
30 loose transmission timing control is small relative to
the total 1length 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 duglycRt Rt he
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 sual®-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-domain

ort hogonal i ty weerutheor i be rmljlﬁj‘l@llenaecan-sD ofit ¢ e remcei vied éhﬂﬁ:m;s due to

the 30 Ioosetransmssmn i m.ng cont s small relative to e total
length T-G of tRESGIEE i Afershs B%b]:eat SHRTHY FScr Fs ab’&?l%rv n of her

wor ds, even in @eeaser=®df a8pPLYi Ng a | oose transm ssion timng control, 14
MARCH 2007 -49 reduction of nultiple-access interference i s enabl ed by
inserting at the nobile sT@th@FTeRE, guded Mok astaliordesdsr idssaribere.

Furt her mor e, 5 t he,obi Lenshalson, agylescsd bed  S.ahaxe oamiLses, atunct i on

of setting t elength theC|p repeated chip pattern | onger an the
time differencéhat cig-rapeasedt ichnpofpatherrnecainged tihsmgshe oftimhe

respectlve nobi | allions 0|nt vi ew of. reducin i pl e-access
i nterference. dﬁg\%&fé'flr"iIll erarpfl on> tsﬁgth%]blc\il% 1t'}t"%lt |r§ﬁef“9e%g m?%%sd,
referring to Fo@& &% h:asﬁ:&weﬂmolbm mebhétorst afrem setlsojtrhe of

chi p-repeat ed chlp patftern length T-S to be suff.icient | onger_ than the

time difference B otf 1585¢het %CE‘F%EH’]tEi'ﬁ]CHS?atmttﬁég?’é 1 Yer HbbPRe

stations. 10 operation of the mobile station is described, referring
) to FIG. 27.

In FIG. 27, the mebile station sets the
chip-repeated chip pattern length T-3 to be
sufficiently longer than the +time difference T-D of

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

20 embodiment, improvement in transmission efficiency is
enabled by not perfeorming the inserting of the guard

interval as illustrated in FIG. 26 80 as to reduce

—

redundant data.
Next, a specific example of the transmission
25 timing control performed in a wireless transmission
system 1is 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 I3PESRGH 2080

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 spgcific 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 $51, the

signals for meaguphngnat Lisbase shation J00Lide dhLer epeesapmmndy the 30

respective nobile stations received 11 mngs are
transmtted frosvt hes r éspemdaswee mit | ees¢btadnsinizgs t bfouge 70-n. The base
station 100 receives _the signals as _described above transmtted 14 MARCH
2007 -50 fron1Fﬁ@p?%gﬁ%%tF@glﬂ%bFFété?%ﬁions 70-1 through 70-n so as to

measure the received timngssgh, thee respecticyeismbinbe doxph@ns. dhe 552, the
base station 100 conputes the 5 transmitting timngs of the respective

nobi | e st at i-ons TrIOSALERFBLgRLTERGE sBft Hée t FeSResddivfedihiden gitasionse

respective nobi bg_st aliQfgn’ 07 g NEQUERF0-h£OrBLE ffeg SRimtndL brang@t the
signal reporting these transmtting timngs to the respective nobile
stations 10 70- ¥esheebiyye 70chilghstraipest iPelnvdidoangbt atd-enscgrcideand 70-n

Sormchl oL L1 SHO 35, SESHHIRY SR GTPOSLES LD L pace sation
signal s based omrthemitting 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 S53, 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;carding 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 1loose transmission timing control
which handles an operation as a step-like operation.
On the other hand, a setting of finer resolutien of

30 the information orn the transmitting timings to be
reported to the respective moblle stations enables an
implementation of more strict transmigssion timing

control.



15 transmtting timngs obtained after denodul ati on as descri bed above-
Her eby, the base station 100 enables reception of thelcﬁ&ﬁﬂ%hzﬁ& 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 70-15th_rough 70-n based on the

S

di fferences anong the respective nobile stations of the received timngs.

in 25 other words, a setting of nore coarse resolution of such transmtting

timng information enabl i t at.l of .o tr 4. ssion timng
control which handl es aﬁéoggrgglf?%%&agbgggt ef)c- i (lz%aesgpesg I 0031. On the other
hand, a settingcobriingr twesdiait ppasait 3embbéineaftor catpmisean tie

transmtting ti 'rﬁlgs to reported to the res c%ive nobi Le %tations
enables an i n‘;flr‘?@ nPRt i%n BYRHEEYst %t TEFRRETH s5FBHYS nPhg Yontrol . 14
MARCH 2007 -5kcApedeses i beBidbowRatlbes bFse Stdidr@ingaceendingsisn t he
present enbodi nent, conprises the function of measuring the received timngs

of the respectifeHoiTE*EtatiFeSTEELOR ef6r t Ty ERERAHYS oRPB4S ni ng

control informakia@Rche. the respeghhye viRli | for Shald @Sy Ahfs SkeRa@lvdesed for
measuring this received timng, "a pilot signal nay be ‘considered. In other
wor ds, using tHamingel ésspikahsrilgBibn maystlesn gesordinef. t I tdepr esent

O e S iyl SO SES 10 hefsthon, b sl o
SO as to perfaom the pprepentt isobodBedow t e matolbdde ofstamibhi pleapirhges he
pil ot Chan{'&\l %t %Qgctnjpoqlgfﬁm% itgglexing 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. 22 througﬁ FIG. 31.
15 (A first multiplexing method of pilot
channel)

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

20 transmitting a pilot symbol. As 1illustrated in FIG. 29,
the data symbol input from the data symbol sequence
input port and the pilot symbel input from the pilot
symbol seguence 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-ccde multiplying and chip repetition
are performed so as to output as the chip-repeated

30 seguence.

{A second multiplexing method of pilot
channel)

FIG. 30 is an exemplary embodiment in



I's described, referring to FIG 29 through FIG 31. 15 (A first multipl 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 channéd MARERMITtLINg 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 so5s to be input at the nultiplier
25 262-1 and then to be multiplied at the sane nmultiplier 262-1 the

spreadi ng code generated at the spreadi ng-code generator 261_ Thereafter,

as descri bed a@ov@as%cpénﬁséd%éaﬁ AHEEPpEYT n@PéﬁédthCPéﬁ%t it oh are

perforned so as g4 s peat e

mul ti pl exi ng rret 8 l{-}f}g',l,},]eii J‘lﬂhas%ﬁl'e:%ﬁil ‘é %%t gﬁggge%%?ar%/%%godl ment in
14 MARCH 2007 cﬁanaebaS:eanfsma's‘s:tml ag pdilbfteranﬁbcdpreadmg tondesdéo a data
channel transmtt dat pilo nnel_transmtti a pilot
synbol so as tomélgag %H uﬁécrﬁg?%sllpat%]cpl wa%lzl G‘T‘h%og fs'?le HE‘Bglsynbol

5 input fronsthengata wothéeqaeacesyhﬂemt Qfifenand mﬂa@ ot syabol i nput

fromthe pilot synbol sequence _input port are resp ectlvgq% mul tiplied by
the different ety codEel MbRRULpEEPT dhE yPildle &X0BCLySBEReREe

mul tiplied by t r ng d S adi{,pg
generator for dralﬁaﬁgyer%%:t 2%%\/\&%??%% fl}eq@ a%‘fd%yr%%d P‘?s}errg tQI pCﬁ| rﬁg}tt he

spreadi ng code sgasefingd cateshe P@p‘ﬁeaﬂétnvgflwdé}f’gen@r‘at gatd osYpbbbt is
multiplied by the spreading code generated at the

10 spreading-code generator for data symbel 271 while the
3 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 symbel are code-multiplexed at the adder 274 so
as to undergo scrambling~code multiplying and chip
repetition for cutputting. .

(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 pillot channel
transmitting pilot symbol so as to frequency-multiplex.
As illustrated in FIG. 31, data symbol input from data

25 symbol seguence input port and pileot 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 2B4-1 and 284~2 so as to be
multiplied by different frequencies (in this case, fl



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 thiHMACHIZHNexi ng

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-nultiplex. As illustrated in FE& 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 codes generated at

t he respective amspr€adi ngrreodetigeneyabols 28#2- IfaugeR8E-jltdpeexatll taitpl i ed
with the scranbling %gdeszz%%nerat ed at the 30 respective scranbling-code
generators 282- "And983. £°° afeF ¢ RBAPRRF P F-epeated at the respective chip-

repetition units 2B4-1 ang 284serigRdaSabdrde asrdddipli egb byndi f f erent
frequencies (in this case, fl 14 MARCH 2007 -53 and f2). Then_the synbols
are frequency- nSeedinsndd as dhdusiepied26sn f HGoutifut ERrrpabasE Hescilibed

above, -accorgli ngu 0,y el BRNLRAILLALS! EALCD MBI Garg L Qyoh FI G

31, 5 the nobile station nmultiplexes t pi ot channels so as to apply chip
repetition to gemernat eapiley cohbr trepehitimpedof reeqesaty dpectecanh Hereby, an

arrangenent  of LL n_ssrﬂ'attei ne Isé ré%ls froemtt:he_’r\rfglt%irlg st%tionsato h% ea
frequency- domai A°RFt Koy ngllg";y STER RS-0 Mreover, it THEWES, )éltatlon,
a neasurenent obftheansmtetiegl bighaps dkomheheespgcilievestatiidne st@ti ons
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 is described.

FIG. 32 is a2 schematic diagram of an exemplary
configuration of a base station which measures received
timings of the respective mobile stations by chip-
repeated pllot 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 251 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 hhgc-pihet channel
as 15 described above is described. FIG 32 is a schenatic gl agram 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 descrihed is described, referring to
FIG 32. In FIG 32, the base station gengrates a signal by multiplying the
pil ot synbols corresponding to the respective nobile stations generated at
the 25 pilot-sy . pattern r | e reagdl .cQde generated
at the spreadi ng?%:)%l e gtetﬁgr af?aggr?gw ,Pé g%%?%/\%én(g téﬁl p@%epg%é%%gﬁggt t he

chi p-repetitiontoansmi294g asigmalilst | pégginged het nobiel dasteat s orcispecvia c phase
generated at thg.gﬁbi | e station-specifi c%haslg-s uence 30 ﬁener at or _295.
Correl ation of SUEhyENer RFEEREGPR ML -t nEeT%ei vRd "§RGREFTSS" c8fput ed
at the correl athen eperiatar 2% nge ast t ehdetr@ghbetbtrd epEbYRE sthoisngs of
the nobile station for the respective paths. 14 MARCH 2007 -54 Herein, the
pat hs are ref er PedNg o ise PePecEhdmnel  ahsHrnEblag Evghal b racetassd af the
base station vi i rent..pr b routes. Hereby, a neasurenent of

the received ti %?%giéirg)(f ?ﬁgpres e%?%%@y'mbi |l e stations 5 using the pil ot
channel is enabl ed even ikext catke ofembapphgntngivhiap rcapet icfi arer Mextingt he
enbodi nent in a_case of performng .the transm ssion timng control of the
respective rmbitﬁg sraatnlsglﬁg’sﬁ?/nuécgﬁﬂén?hécoa‘gfgcté’ rgl?:eei 5888??%‘%1995 10 of the
nobi | e st ati onsmabitesatzhiédnabdye bsirdesthe bektected received timings

10 of the mobile stations as described above is described.

—

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

15 In FIG. 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, moblle station 2) detected at the received-
timing detector 297 as illustrated 1in 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}:formed such that the
first paths of the =respective mcobile 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 1s 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 \LRhed&GspRGtI Ve
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 nent, the base station detects for the respective nobile
stations paths conprising received power above or equal to a predeterm ned
recei ved power ag, etfectiNe 5ignalaoueht RaLB1eINEN, s s28nt her depgct ed
result, the 25 transmssion timng control 1s perfornmed such that the first
pat hs of the respEzidtvecfiobuleiplatdarssar mtexieeiened dirotmheot®®re ti m ng.
For exanple, as _ilJlustrated in the rj.ght portion of, Fl 32, the
transnitting ti MAYsof S %%l%sp%%??iﬁégﬂ%b ?etbfsatﬁrd‘ﬁfl@ & fcontrol l ed so
that the recei vefkddudmg-abmihe okthsdompatikyofwifie aRDbH| eepboitivnh byand the
received timng of the first path of the nobile station_ 2 coincide. in

other words, °t hTHETSLEt i I alERUATG 2R MARENI208P 585 to the present
enbodi ment enabl es a suppr@sskorn, otasde oreff@tdu@hgnitld PLecaGRRSS
interference fromother nobile stations according to the principle of

f requency- domai nE@FTRSgOREPT t FHGI tIESBRFBLIY@pELPELEN SHRFLEOPRY 6r ndhg tPhe
transm ssion ti AG,GORE Olye Wikl Bésec&ftr%gm&' NG Lhg recel ¥pd<ldnm Ngs
fromthe respective nobile stations so as to detefmne the anount -of

control ling of themingmshiwsi ahe tdaspegsiteomobhéer egpédbnye hasbil eotst ati ons
based on

)

10 the measurement result 1is 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 enbodiment, the
mobile station uses the common pilot signal transmitied
to all meobile 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 statien 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 =ignal so0 as to determine the +transmitting
timing based on that received timing.

In S62, the respective mobile stations 70-1

30 through 70-n transmit the signal at the fransmitting
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 thg,R8s8Menbodi 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 ¢ n pilot signal transmtted to
all nobile stations. This common pilot signal is 20 used for such purposes
as the estimation of the received power at the nobile station, and the

estimation of the change_i@héh%regeﬂég%eaiﬁéﬁ@,nel n1dfe Fhfe 3ol %@fLZSt he

base station 100 transmts the conmon pilot sighal to the respective
mobi | e stations el tharmglssioan. tiThear exppegily e shobl les tstadteidonsn 761E.
as_to..determne the

hrough 70- jve Lh . | gnal '
ransmit1ing | ©) g BACEE ont RATEr SEEVEACE: iity. CT I GRae T RBS r Gpetid ve

transmtting timrig base

nobi l e stations Hask Sftetilnougid 78he tcAridem tstdtdoakgnal ahet he
transmtting .tim rrl’%rrd Eerm' ned aﬁ %escri bed gbove, while the hase station
100 recei ves the $F ﬁg-i:%ﬁﬁt FoPTRY SGnadPITHRE (e r BRI N Fobi | e

stations 70-1 thraughg£0-1bed 14adAREH 28 reffecihieeprgsgnie eshodidmnt ,
unli ke the nmethod of the transmssion timng control as illustrated in FIG

28, enabl es a si T yEifR) BRSEhSTE@SAPT gUrsat RORs DERdete OBasdist atheh and t he
mobi | e stations ggrhe 5, £onifQl l4iRg.sL002l tLor L@Rar tiHw ﬁgg-ié ansmtting
: : I : >

timngs fed back to the respective nobile stations “fromt ase station is
not needed. On tlhadtibes imanthet weceived ditfiénence wFiDe amongitdheedolipl e

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

(A seventh embodiment)

15 & 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 tThe mobile stations and the base station,

20 applying the transmission timing control so that the
received timings at the respective mobile stations of
the paths having the maximum receiving power colincide.
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 conside o ppl i cabl e
to the loose transm ssion control used in the condltlonLﬁQA§§P6ﬁnathe cel
radius is small. (A seventh enbodinent) 15 A configuration of a wireless
transm ssion systemaccording to a seventh enbodi nent is described. The
wirel ess transm ssion systemaccording to 53 sevent h enbodi nent, as in the
si xth enbodi nent, conprises the nobile stations and the base statlon 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 accor drag—to—the—seventh—enbodirent—25—+s previ-ded—helow—30

14 MARCH 2007 -57 |I NT ERFEREr GRS M EREERENRE
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TECHNOLOGIES| ionrs mton, | (MULTI-PATHINTERFERENCE
GANCELLER, CHP EQUALIZER,
FREQUENCY-DOMAIN EQUALIZER)

10

15

20



10 15 20 14 MARCH 2007 -58 Next, the configuration of the nobile station
according to the seventh enbodi nent is described- FIG 143arsHaofuncti onal

bl ock diagramwhich illustrates a configuration of a nobile station. 5 In
FIG 35, this nobile station has the configuration with the chip-repetition
unit omtted when conpared with the nobile station according to the sixth
enbodi nent as illustrated in FIG 20. Thug- herein such description is
omtted. 10 Moreover, the base station according to the seventh enbodi nent
is configured as in FIG 36, for exanple, the configuration having the
chip-repetition wunit omiid:ed asheorpareguvation hef bake sicatilen seaadodi ng to
the sixth enbodinent _as illustrated in_, 15 FIG 21. Thus, herein such
description is GRFPERHPT | FOt HSui PRY R { PERRITEStont Sy 8P8RT rditiy to

the seventh enbadi ety FHgcHARRISIBIAAN BEAGRAMBWRIcISt AL ChsiFARSM $Si ON
timng control of the respective nobile stations so that the received

timngs of the ZOnpagwsaldewprSi g THelifaxFhadTecei ved power at the
respective npbile stationg,cekpcidg; "'@ﬁfpya\oﬁilé egleggh&p ?Esm{!hte' pl e- access
i aths o

interference caused by the maxi mim’recel ved power p ot her nobile
stations is enabhédgubdriegyeviti hehauldhip-eepaterifoer et 25 cancel l er, the

ChIP eauall 2er, JEReLUS SEETISRRAAT, oBual LIBL S ShhLustr SRR N1 C
caused by interferenee Eigtht kabpathenofl aet Narnuwsebated shatrens pavi ng
non- coi nci dent received timngs. Hereby, , ,

Thus, herein such descrfiption 1is 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 te 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 fregquency-domain
equalizer as illustrated in FIG. 44 through FIG. 46
are applied +o 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 reduction of the effect of interference is enabled. Next, a specific
exanple of the strict transmssion timng control perfas MaRCEt200he w rel ess
transm ssion system according to the present enbodi nent 14 MARCH 2007 -59
is described, referring to FIG 37. FIG 37 is a diagram which describes the
strict transm ssion timng control between the nobile station 1 and the
nobil e station 2. In the present 5 enbodisgsnt, the strict transm ssion
timng control, as illustrated in FIG 37, refers to performng the

transm ssion timng control of the nobile station 1 and the nobile station
2 so that the tiine deféeitmnte rdfdrdiebween Fhe.niy.le station 1 and the
nobile 10 station 2 in the_received tinngs of th Xi mum _recei ved power
pat hs beconmes al nbst 0 (fEFGexg %2 a\}h}%mnga??’f&eéhc@hﬁ'-D bet ween

the received sydaleti -dr&fsnfiR@:pRbIdig: shatdptrbl anshibRenr egal vRghi sy nbol
i-2 of the nobile station 2 is set to beless 15 than or equal to one-fourth
of the chip | engtt®tieos hsang cBisnchelellchestetigved-t il n§ke afPreRenbase

station. In qthe I as e e.statl Resfarng Lathe ans i ssj.on
timng contrgl S%Mﬁ%?é?ﬁé r%%ei%%%tti?nﬂr{ggs?m%%é}@nﬂt he o iléeJ sta;{]i’onisg and
fromthe nobil e Zdwsttabicod ZrcoFhEi d87, a rafppsestsi openfomuilrty ptlkee access

interference is enabled by setti.ng the signal vi ng. .t he sane received
timng fromthe msfnéséf‘é?i g‘ﬁ‘mingarﬁ?nftFS%] t°nfz bi F§b§§'3t i%51 -2°Br thogonal
when the spreadinty epdesncippki etta#ftoohhez mebi a3t athontimandiizFerbecaobi | e
station 2 are orthogonal codeﬁ{E @Fﬁﬂ_}gjher nore, in the wreless transm ssion

syst em accor di ngt T PRE"HFRsE Pmet2“1PRe hroBPPe & SPPRH Tonpri ses a
function of ighangiaid ohhez sGhambld Ngeceived 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 i-2 of the mobile 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 mobile station 1 and from the mobile

20 station 2 coincide, a suppression of multiple-access
interference is 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 are orthogonal codes.

Furthermore, in the wireless <transmission
system according to the present embodiment, the moblile
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 1illustrated in



code nmultiplied to the spreading chip sequence. The 30 nobile station as
descri bed above, is configured, for exanple, as in Hi@ABSZ 2WAvi ng t he
chip- repetition wunit omtted as conpared with the nobile station

according to the sixth enbodinment as illustrated in 14 MARCH 2007 -60 FIG
22. Therefore, herein such description is omtted. As described above,
according to the wireless transm ssioms®ystem according to the seventh
enbodi mrent, the nobile station enables an om ssion of the chip 5 repetition
process by applying the strict transmssion timng control. (A eighth

enbodi ment) Wid.e 27, t TheseXdde enhedéirenkual deseripeibn abevendrterenpl ary
formof renoving the interferi ng@glo Si gnal fromother nobile stations with

a conmbined use } of th&ScIfiSFF¢peli BENCanPIREWRANSH sEFONYEFRIFHG control

and in the sevenih;eabedi nBak-aAn £x&MLALY +d OkHEOfsRMRYI NGl reRker f eri ng
signal fromother nobile stations by applying the strict transm ssion 15
ti mi ng contrdtheareoleker shetior whpklessanr amusiséshor syke emhdBcording to

the preseqt ambodient, GOREESeSA a{pnptlonRl wariab! xicaghroligmng the

nunber of chi'p™ répetiti‘ons and actor baseé

control i ng imifdrgat¢artmdported fromthe base station 20 in a case of
applying chip repetiti and.transmission . timng control in an isolated
cell environnent. FIG (@9 G?"‘sgh&l;‘sc rEnEl agram of an overall
configuration of a W ra@hess timanswd ssieth S\esbedimdtt aascadsicgtibadi on of a
nobil e station according to _the 25 present enbodi nent. The controller 58
which is an ¥¥Fentls g@f“PiL%rlf ofPR8 fbi FESHRE oHS0 AR SN control s

the nunmbep ofsiGhan repsti biess aRdiibe stations with a combined use
) of the chip repetition and the transmission timing
control and in the seventh embodiment an exemplary
form of removing the interfering signal from other
mobile stations by applying the strict transmission
15 +timing control are described, a wireless transmission
system according tc 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 c¢ell environment.
FIG. 39 is a schematic diagram of an overall
configuration o¢f a wireless transmission system and a
configuration of a mobile sgtation 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 pneseod 2@xanpl e)

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

i ndicating the 14 MARCH 2007 -61 power of interference from surrounding
cells, and the <controlling information indneating the propagati on channel
conditions (for exanple, the nunmber of multi- paths), Mre specifically, the
process is perfornmed 5 according to the flowhart as illustrated in FIG 40.

Besides, it is apswakdofhaintdiFetenteoliren annabdhdgngt eelhe, praagenthe
enbodi nent has al ready received from the bhase station 100 the controlling

i nformati on i ndFEREFHGHERe ARG OBl IRBAEIELBR BEPREQREXPAN oper ati on

of the nobile stahh@Rers cofeseidhed f@?ové-:almialées%ebeﬂwﬁ&f el’:f' Reh1k@-t he
flowchart in FIG 40. (1) A case of indicating the nunber of

si nul t aneousl| y a§é§§%ﬁ ngMoser spesipeeaties, the Fpcocges tise pemdsamedf users

and the nu JPRLP SLatinseays Jhe sang, A g |y FhGs 400 i1

S71, the nobi recei ves nurrber stattonsS ™ wWithin the
i sol ated cell 5| Bulsimnapuskty -iconaeximdi t ahéte ﬂhase:cﬂﬁrs:ﬂaéromxordmgo
det er m ne whet her t t nunber of | e stati Onir eeds a. ﬁﬁern‘i ned

i
t hreshol d val ue. PO S?Iﬁb‘?cgm}fnéas}éasi h& nﬁﬁﬁ‘é?‘v B e

stations exceeds tﬁepflﬁii%t estHNIRe thg@shabd A8l 80n@S inkerige et er m ned as
"having a | arge nunber of 25 S|nultaneouslﬁéacce55|ng users" (large in 571),

the variabl e contPBLF# M InERn iLselabees RiYBEPTHEnt -

ARy Below an operation of the mobile station as
described above is described, referring tc the
flowchart in FIG. 40.

(1) A case of indicating the number of
simultaneocusly-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 8§71, 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 valuve.
Moving on to S72 in a2 case that the number of mobile
stations exceeds a predetermined threshold wvalue so as
to be determined as “having a large number of

25 simultaneously-accessing users” (large in S§71),
the wvariable controlling which increases the number of
chip repetitions while decreasing the spreading factor
by an amount corresponding teo 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 anmount of the increase as descri bad vatraue230%
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 nmultiple access-interference. 14 NARCH 2007 -62 Hereby, high
spectral usage efficiency is enabled. On the other hand, noving on to S73
in a case that the nunber of nobile stations is determned not to exceed a

predeterm ned threshol dr%q:}hue b&aldy %éébe57ékf1éilﬁxc‘§ﬁri§b|eﬁa5£’@ér0' l'ing

whi ch decreases the chip repetition while“decreasing the
spreadi ng factor by an anﬁunth@optbspomdndg tovimg emotnt S92 the decrease

as descri bed ?Egva%ﬁl Z??erf In otther ??\F ?E rencgg ajed cell,

envi ronnent , pI &la R beCoTTas
rel atively smal Inan thoaeﬁ:rmleldera npﬂbﬁtmln&dmﬂnmaemel ywedoees mag lUsers.

Therefore, an increa inthe s ding factor ena es i provenent . in the
i nterf erence>i ndni ¢ zﬁso &8t o7 a&@ﬁgi\?e O?ﬂ ﬁgéﬁ%ct" AFR BSHEARES efPfci ency.
(2) Acasein wmxﬁlmetzha:poah&gl |ﬂe§b§t1tﬂ$19r L L en ddcerrb ey bage station

i ndi cates the power interference fromthe surrounding cells. In FIG 40,

in S81, the nobidRFedCaRForfaciOrr ki 8s ATRENENFEHTREEPORAERRII &&t iThF t he power
llevel of interfepgnce fromgurrounding cell 8.80:1188 ¢ ng@é engi ('}?eﬁé%%@@r.

that power level of interference fromsurrounding cells excee
pr edet er mi ned t hiteshbhelr valads, Mivi ngn oAspba B8R icald ZBvdxsametdtat the power

of int erfer%race ftrfo SUE 0”5191:9191.2 —~access interference becomes

‘I relatively small with a smaller number of

simultaneously-accessing users. Therefore, an increase

in +the spreading factor enables Jimprovement 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 surrounding cells.

In FIG., 40, in 881, the mobile station

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

25 case that the power of interference from surrounding
cells exceeds a predetermined threshold value (large in
$81), the wvariable controlling which decreases the
number of chip repetition while increasing the
spreading factor by an amount correspending to the

30 amount of the decrease as described above 1is performed.
In other woxrds, 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 581), the variable
controlling which decreases the nunber of chip repetitiomawriaH 207 ncreasi ng
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 factgs-d ncreases the 14 MARCH 2007 -63
nei ghbori ng-cell interference inmunity. Hereby, higher spectral usage
efficiency is enabled. On the other hand, noving on to 583 in a case that

the power of intergereptegfdn SihtauRdende InGehlisy| s peekBy M mednast to
exceed a predeterm ned_threshold value (small in S81), the variable

control | ing whi GReFHERLadBEIEhIdRBERCHT i6hi PPaltléFetiti ons while decreasing
the spreading factor by apn SIPUBLACO! LESRONHAENLO dieramayat af Lhe

increase as 10 described above is enabl ec n othér words, in an isolated
cel | environnentcasas that ethectopkri mi ainedtfensniei piromaceeswoungiasf er ence

is predom napt w_th_a._snall el, of .interfer I roundi ng
cells, a redgct?%%lgflﬁuﬁgﬁﬁ e-%%%eé§¥incbr %&%ﬁ%egigg%§e§ﬁg@}§%£by setting
a nunber of simintraseold| y=acees@magl user S8y equkecysddrbila ort hogonal .

Her eby, high spectral . usage,efficiency is epabled 3) case in which the
control ling inﬁﬁpﬁﬁpﬂﬁﬁnquW?FheJﬁ§§€g§?%1Fgﬁ i RS té?étﬁ B0 propagation

channel conditi aRpetIHEONAS whilEe NHHRRE28Ing Mehbi -RARGIng N falcbordGy | An591,

the nobile station receives the information indicating the propagation
channel conditi GHSL8EcHFHEFasRerfimder-ooftsat f8OWH: a8f the increase as

10 described above is enabled. In other words, in an
isolated cell enviromment, as the effect of intra-cell
multiple-access interference 1s 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 is 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 te determine whether that number of paths exceeds =
predetermined threshold value. Moving on to 8392 in a
case that the number of paths exceeds a predetermired
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 c¢ell environment, with a large number of



25 to determ ne whether that nunber of paths exceeds a predeterm ned
threshol d value- Moving on to S92 in a case that the nandbaRcfzopat hs
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
t he decrease as described above is perfargged. In other words, in an

i solated cell environment, with a |arge nunber of 14 MARCH 2007 -64 paths,
an increase in the spreading factor enables an obtaining of an increased

nul tiple interfezenge ddmMuAtidzsdOnifiharet hesrdandg Maduag efabedb98nin a 5
case that the nunber of paths is determ ned not to exceed a predeterm ned

t hreshol d val ue Sedmaningn o$9130  ipREc¥LT apletERIR r SREeRERMNICEN i ncreases

t he nunber of g%hgn&@ggtitions whi | e decreasing the spreading factor by an
anount corresponding to the amobunt of the 10 increase as described above is
performed. In other wordsp thme anthsol dked, ceddviegvigrontentSd3asin he ef f ect

of multiple-access interference becones.relatively.larqge ith.a snall
number of paths,“2%%r etfitti Eﬁeofn Ffi pl%e- BREd ¢S n %W’g?%‘ﬁge IR eﬁ%bl ed by

setting a 15 nunfiekeeal £ pblieneaislen agwessiong usghe f(gguancyndegr)n
ort hogonal . Hereby, high spectral usage efficiency is enabled. In the
enbodi nent as dddr i Bt G eCOMHIq I 180 WSl BRGFeESFECt™hS BRERSS bed in

which the 20 respagli ¥epsEliS ol IyHiQkMBgsORdsidhCatiddspha bl £ onnment
and of information indicating the nunber of usérs, the power “of
interference frdM s@fr ANYNEg CRIESPONAHT t fe prispageru®n eharf®e conditions

are individygll Yincrease 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 1is enabled by setting a
15 number of simultaneously-accessing users freguency-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 irndicating the cell
environment and of information indicating the number of
users, the power of intexference from surrounding cells,
and the propagation channel conditions are individually
received at the contreller, it may of course comprise
25 an aspect such that +the set of information indicating
the number o¢f users, the powef of interference from
surrounding cells, and the propagation channel
condition is received when the set of information
indicating the cell environment 1is 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,mMikeHpovmer 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 repetitiges and the spreading factor at the
nobile station in a case of 14 MARCH 2007 -65 applying chip repetition and
transmission timng control in an isolated environnent is described in the

ei ght h enbodi fBMtyirgn ke %éﬁé@f@dnra&w $¥hABnSYSERM tasGRy ding to the
present enbodi nent, the nobile station conprises a function of determ ning

whet her a str?‘é‘ttmtlf ah%nﬁ@mb??ltaltﬁﬂngewnﬁeéés s eibglpl ed thesed on
the controlliagy oamsdl% fePOf eqnérwzieﬁﬁspasc%anm;é%regév&&h_ess of

the nmulti-cell/7sol ated cel envi ronnent s Is a schematic
di agr am of anesahing tﬁbnf&hgumaS@ntofeH@O\ﬁllmeh‘éss theamhidsi ontayisem and a

confi guratg on, &%%ﬂs@bliefﬁkga&pemm S pgm:t;o Jl€nePr esept . )fgtit)_odi ment .

The controller which i§ an the nobile’s ion 60
det er m nes 15twhredriesithe tsimingt ctcrmtrmm srmem ttan fmg capyplrield nlemlsﬂ to be

execut ed based on_ one of t sets i nf ormati on di_catin nunber of
mobi | e stati oM (H6bi . Rzﬁ“‘én rﬁ“ﬁtjf% 6?@%%% eX PP @?‘ ®siTi% aneousl y

connected to fherhasersiatdiist rensbt edhikrioreine 2 hage &diation 100 as
the external apparatus, controlling information indicating the power of

interference $FGROMSSRESUNdI ng 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 wmobile stations (mobile
station 200 in +the present example) simultanecusly
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. 4Z.

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

30 In FIG. 41, in S101, +the mobile station
receives the number of mobile stations simultaneocusly-
connected to the base station so as t¢ determine

whether that number of mobile stations exceeds a



i ndi cating the propagation channel condition (for exanple, the nunber of

mul ti-paths) . More specifically, 25 the process is perfos MaR@cmording 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 simgg-aneously- connected to the base
station so as to determ ne whether that nunber of nobile stations exceeds a
14 MARCH 2007 -66 predetermined threshold value. Mwving on to 5102 in a

case that the nuphetefériidd etltado1ds exuREdSMEviY edet aldni sesh t hreshol d
val ue so as to be determ ned as "havi g}g a | arge nunber of

si mul t aneous| y- a6@&8si S Haex$Iprar g6 | FPBEEL) $tafo-Ber | e¥e9dnshi ssi on
timng control iscREELARTRM SonidioIeSAR PCLAl i 0 HeS addiamigat od-art

DS- CDVA are perfornmed. words, wth a [arge nunber of users, the
effect of perfoes nthatiagstzi dergeamsmbesi o¥f t Bmngtaoeetsdy-adQ-alsting shes

so as not to apply _sugh ntrollin t ot.her _hand, nmoving on.,to 5103 in
a case that heuﬁﬁ er @ *HBbi TTe g%%ﬁ’onggi sstcfgtcér ?ﬁrﬁéﬁmﬁﬁgﬁ’o%%‘&%d a
predet erm ned t heeshobd al ugeffcraed nso StAd}, thke <omdi opdrawsiomnsf ide

rel ated-art DS-CDMA and 15 the strict transm ssion timng control is

applied. In othetPRortatRPrA L BerGeMAufie BFFIREErS; tHe ©oERfecHoBES,

performng striClyithansMmgsgon rkBLAY LONLESs, eBRaNGeges ax to apply such
controlling. (2) A case in which the controlling 20 information fromthe
base station indPeafesmite B$BRerstIECti NtEHEEL-ERER™ f LofMBBe SOBFBUNdi ng cel | s

‘ 10 diminishes so as not to apply such controlling.
) On the other 'hand, moving on to 5103 in a
case that the number of mo.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 5111, the mobile station
receives the informaztion indicating the power level of
interference from surrounding cells so as to determine
25 whether that power level of interference Zfrom
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 wvalue (large in 5111), 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 from surrounding cell sismagsHwoTet er m 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 S111), no strict 30 transmgisssion timng control is perforned
so as to performthe related-art DS-CDVA operations. In other words, with
a large power of interference from surrounding cells, the effect of
performng the skhh&hidhHARCHIAQD7 conbriolt I DKM B LN b MaRY Kot £6l

di m ni shes so as not to apply such controlling. On the other hand, noving
on to 5113 in adPBa¥e UGkt EPREGSHERTof interference fromsurrounding 5
cells is determned in 5 o a erqg n S d,val ue
(small in S111), the coﬁ%ﬂ;ntg% uégh%;( ?ﬁgd’re{a%?gﬁ%arc{y DgéiCt[s)ll%/ll%\ganﬁgJ tﬁe strict
transni ssion timeng ddwta othe spappri ed. imtetfwenwer dsom wiidraenkdange power
of interference from surrqupndi ng 10 cell the effect of performng strict
transni ssi on§I tlcﬁirlfo‘iﬁ cont g%{lezéﬁ%’ae ced’ séiaé tn()Otap%?ye%(g%ﬁg Eontrolling. (3)
A case i n whi chptbaetontimdd | fgredtiler redliwen fismant heénbagsa 13t atiren i ndi cat es

the 15 propagati on _channel conditjons (such as the nunber qf  _multi-paths)
In FIG 41, in SPPRIn¢He UsHbi? §b§t iI&(Jrat? E%?Veggfﬁw nfBF matifons FHdicat i ng

t he propagationtrehannesi&Pndikimns csHER RS skheagpikar ofn Pathsr SQoads 20 to
det erm ne whether that nunber of paths exceeds a
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 whether that number of paths exceeds a
predetermined threshold wvalue. Moving on %o $122 in a
case that the number of paths exceeds a predetermined
threshold vwvalue {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 contrel diminishes so as not
to apply such controlling.

On the other hand, moving on to S123 in a

30 case that the number of paths is determined in 3121
not to exceed a predetermined threshcld wvalue (less in
5121}, the combined use of the reiated—art DS~-CDMA and

the strict transmission timing contrel is applied. In



predeterm ned threshold value. Moving on to S122 in a case that the nunber
of paths exceeds a predeterm ned threshold value (|argae4 MARBERAP7 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.ggher hand, noving on to 5123 in a
30 case that the nunber of paths is determned in S121 not to exceed a
predeterm ned threshold value (less in 5121), the conbined use of the

related-art DS- @A rantorddhe shthcla tEmdSIT aShoer t bl Ngsea@nt rete | acappt i ed.
In 14 MARCH 2007 _-68 other words, with a spmal|l nunper of users, the effect
of perfornming st?f cPeFFan¥ S sFbRIET ntAGREBRT R BHNOFeSCRYF Hs to apply

such control i ngeridhdele sievent heqandpbe ehght h-arbedii®pts as 5 descri bed
above, while exenplary aspects are described in which the determ nation of

whet her the number of usérs the | apyenth sndl Ithes peghEr newbedingds as
cont rol | er of, the.fmhilg shation side, LL Y, SPMDLLSE 20, ASRASL, Pheq

determ ni ng t'he er of users at ion sfrdée so as"to report
such determ ned fieswhiicho thee d@tidndngstabhomt Ashelgsar i tieel aboker adcording
to the ninth wreless transm ssion sgstem t he bile statjon controls the

nunber of chip répdts t +ons33RE tHe 285°5hr &5di PF 54EEGr @' 4BBordance with

such conditions asntddl@epUrdier Ak WaRise th@tpewersfe i nier kegensendriem
surrounding cells, and the propagati on channel. Hereby, the nobile station
enabl es suppr ess?hg 35REEE f SfendeteEingng ifhfunFERRY 86 %S i#brdPe as a

result the 10 pase 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 facter 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

Isolated cell environment: RBased on DS~CDMA,
the transmitter applies chip repetitien and 1loose

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
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unction of switching the operational nodes based on 25 the
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while the receiver renoves the own station nulti-path signal by
multi-path interference canceller, the chip equalizer, and
t he frequency-damai ndequakbze &3IcGi| l4estrated in 14 MARCH 2007 -69 FIG 44

through FIG 46. (An operatlonal npde 2) Milti-cell environnment: Based on
the transmittef %pﬁFﬁéété??ﬁkt“Pﬂ%néﬁlSS|on timing 5 control and
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tamshi ks eon apphiRg Sohitebl] r aRsMesHhen téeddigr 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
FIG. 44 through FIG. 46.

(An operational mode 3)

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

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

(An coperational mode 4)

Multi~cell environment: DS—-CDMA

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

As described above, using the wizreless
transmission system according to the tenth embodiment,
the mobile station wuses the controlling information
indicating the c¢ell environments as described above to
switch the operational modes based on the cell
environment. Hereby, the mobile station enables an
efficient reduction of interference so as to improve
the spectral wusage efficiency.

(A variation)

and



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 transm ssion timng cort PHRGhY he
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 indicating the cell environnents as

descri bed above to switch the operational™ es based on the cell 30
environment. Hereby, the nobile station enables an efficient reduction of
interference so as to inprove the spectral usage efficiency. (A variation)
14 MARCH 2007 -70 Wil e tHfalkholBeemRatiemefiie Fbelasi@brorthe of

controlling the tgapsmSsi BN NGYy Ofnd e rahEANSNIdY | PUnSiginale ahdt he

mobil e stations so as to set t'he recei ved timngs at th? ase station
coi nci de 5 anong tsasmbbiing ssavhehs, atthethy emebild nedatieors wsal ces nde only

be limted to th b ' ts, LS. I f
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dermand (referbed d@mongs @re atlohble 18taeiwns k) thei pmesease iofveatienmwealldA and
atermnal B having a small pr.o tion lay.tinme di.fference s s to be
enabl ed to comuit®tat ?—Jnfﬁ rgét w:.%%(@ t’et mgﬁﬁl 3ROVEe (ERPESED ?an%ﬁﬁ%ssi on
timng control i le%b”&ﬁéyoncBﬁ\?ﬁlsé he base hatbpNvseiasids report the

transm ssion 15 timng control information_as described above by this
ternminal A comunicating W PRERHENGTE nihalths, HEpeRy, environment built

temporarily on demand (referred to as an ad-hoc
10 network), in a case of a terminal A and a terminal B
having a small propagation delay time difference so as
to be enabled to communicate directly, the terminal A
receives a transmission timing contrel information from
the base station sc as to report the transmission
15 timing control information as described above by this
terminal A communicating with the terminal B. Hereby,
the pase station 1is enabled an omission of the
process of transmitting a controlling signal to a
mebile station neighboring a mobile station to be a
20 target of transmission timing control so as to
efficiently utilize the wireless resources.
The present application 1is 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.



t he base station is enabled an om ssion of the process of transmtting a
controlling signal to a nobile station neighboring a nobidmagtatioon to be a
20 target of transmission timng control so as to efficiently utilize the
wi rel ess resources. The present application is based on Japanese Priority
Pat ent Application No. 2003 196748 filed July 14, 2003, with the Japanese
Patent 25 Ofice, the entire contents of ich are hereby incorporated by
reference. 14 MARCH 2007 -71 WHAT IS CLAIMED IS: 1. A nobile station for

wirelessly transmitting to a base station by DS-CDVA a signal which is
spread by nﬂﬂﬂﬁhﬂﬁhﬁﬁéEﬁEﬂﬁéﬁing code, conprising: a chip-pattern
generating unit which generates one or a plurality of predeterm ned chip

patterns by performng chip repetition to a spreading chip sequence for a
pr edet er mi ned. nunber Rofrobepet istiatieon tfler ebyejeseiat tmgnarsitgrnialg canpri si ng

i d det er ni ned chi tt © and | tiplyi it which multiples t
the sl gnal  COMASS ng e 8 pr Bt e T ehi piparterNeighe tF SPLSAM ab¥ty
of phases spegift Gt sai L m&&iﬁ%&@@; yhesei &isql d chip-pattern

generating unit, in  accordance w a data rate specified by the nobile
station, assigns toat Reipobielts esragicosrat ineasnisnahsichs gededt@iyss pat t er ns
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i npl enentation’in at Fansmts’to a base
station by DS&PMi-radsd goialpWekphtigioapread kypraddi yénpp asegueadengor
code, said program conprising: a chiP-pattern,generatingbfunction of
generating om predetermined number of repetitions, thereby generating
a signal comprising said predetermined chip pattermn ; and
a multiplying unit which multiples to the signal
comprising said predetermined chip patterns one or a
plurality of phases specific to said mobile station,
wherein said chip-pattern generating unit, in
accordance with a data rate specified by the mobile station,
assigns to the mobile station at least one of said chip

patterns and said phases.

2. A program for wireless transmission and for
implementation into a mobile station which wirelessly
transmits to a base station by DS-CDMA a signal which is
spread by multiplying a spreading code, said program
comprising:

a chip-pattern generating function of generating one
or a plurality of predetermined chip patterns by performing
chip repetition to a spreading chip sequence for a

predetermined number of repetitions and



or a plurality of predeterm ned-ehip—patterns by performng chip repetition
to a spreading chip sequence for a predeterm ned nunber of repetitions and
14 MARCH 2007 -72 a multiplying function of rmultiplying to the signal
conprising said predeternined chip patterns one or a daﬁP%W¢W§m%f phases
specific to said nobile station, wherein said chip-pattern generating
function, in accordance wwth a data rate specified by the nobile station,
assigns to the nobile station at |east _gge of the said chip patterns and
sai d phases. 3. A nmethod of wireless transm ssion, wherein a nobile station
which wirelessly transmts to a base station by DS- CDVA a signal which is

chi popatiern generntTo CPLpoey SUREFAPPnG oMb P W Iy b Efeopianal
predet er m pgglrehkPngat kenEs Rr-dRdaming chipip repettéi-ny tena spread ng

chip sequence for a predeternined nunmber of repetitions; and a multiplying
step of nmubtiphyihy ©6 mhebgRabrecdfipri sPngasdi Bopidgetéplilmad chip patterns

one or a pluralit of  .phase peci.f.i id il e.staty rei;n said

chi p-pattern gene%gF?%ﬁﬁét5%$£fn%%g&cgﬁggﬁ%§ W?%ﬁggggéﬁé.r% éﬂgbeciffgb by

t he nobil eagtatiience asshgas dh@at katedkipkeisiad oy ahd ersiileneteftisai,d chip

patterns and said Ehases. , . ) .
assigns to the mobile station at least one of the said chip

patterns and said phases.

3. A method of wireless transmission, wherein a mobile
station which wirelessly transmits to a base station by DS-
CDMA a signal which is spread by multiplying a spreading code,
the method comprising:

a chip-pattern generating step of generating one or
a plurality of predetermined chip patterns by performing chip
repetition to a spreading chip sequence for a predetermined
number of repetitions; and

a multiplying step of multiplying to a signal
comprising said predetermined chip patterns one or a plurality
of phases sgspecific to said mobile station,

wherein said chip-pattern generating step, in
accordance with a data rate specified by the mobile station,
assigns to the mobile station at least one of said chip

patterns and said phases.



