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

Tel ecommuni cat i E BN underway. A fourth-generation nobile
comuni cations nethod f L.l y ti nul.ti-cell environnent

i ncluding a cellular sys*cgér(ri]ﬂassms ggsfsélTé?égN-ZOAyEI | PROGRAMOF@R Nt
such as a hot - Bt MEBHODANOF aWIREDHSS' TSAXSHOSSERE SO as to seek a further
I ncrease in spectral usage efficiency at the respective cell

environnents, is being desired. As a candidate wireless access nethod in
the 25 foulthBgeReRaUND OIMBE! eneafFRH) cations which is applied to a link
froma nobile station to_a base station (referred to as an uplink bel ow),
DS- CDVA (Direct Sequence- Gddppfi shenlmmentiphe Access) is considered to
be prom sing fromthe poj L, W, 4t 1s_30 rtigularly suitable for
the cellular system DSE):MEE ﬁﬁ}%‘?\é\?“f“g‘%ﬁl@%gﬁ‘gﬁgﬁﬁ ﬁeﬁrﬁtgﬁg @l a
spreading codé steenalegyprisad wirelessdebamtsmsisgiah, f Ging t ransni ssion

(refer to bel O%EQE&iJQﬁQ pefsRatent mobile station, a base

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

transmission.
2. Description of the Related Art
The development of a fourth-generation mobile
communications method, which is the next-— generation
_15 mobile communications method beyond IMT-2000
{International Mobile Telecommunications-2000), has been
underway. A fourth-generation mobile communications
method flexibly supporting a multi-cell environment
including a cellular system, as well as an isolated
20 cell environment such as a hot-spot area and an
indoor environment so as to seek a further increase
in spectral usage efficiency at the respective cell
environments, is being desired.
As a candidate wireless access method in the
25 fourth-generation mobile communicatiens which is applied
to a link from a mobile station to a base station
(referred to as an wuplink below), DS-CDMA (Direct
Sequence—Code Division Multiple Access) 1s considered
to be promising from the point of view that it is
30 particularly suitable for the cellular system.
DS-CDMA multiplies to a transmitting signal a spreading
code so as to spread to a wideband signal for

transmission (refer to below-identified Non-Patent



-2 Docunment 1, for exanple). Reasons that DS-CDVA is suitable for the
multi-cell environnent including the cellular system are described bel ow
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 Multiple Access) is enabled. Therefore, it
is easy to inplenment a reduced power coﬁ%‘unption which is one of the

i nportant desired conditions for the nobile station. Second, while there is

potential for ti;on Ln_a required transmtting power by a 15
coherent-detec'?jiognmgg}c'n 'de%?%ateégagﬁ#?)ot channel s, assum ng that power

level s -of the pilot chanReisoras ethhe $RAEDMDS-iCDMAfElAll VE £ OLfUch net hods
as OFDM and M- A has a Iarger pi | ot -channel power per carrier.
Therefore, an rat® th&RNeF et hatnehudinasthe 2@liuppr esystae requir ed

transmtting pewer ddscrilew gl is enabled Third, in the nulti-cell
envi ronnment, even when using carriers having the sanme frequency in

nei ghbor i ngS cel|s, DS-COMirsthabkessuprseppiessiofn the 25&)@&@1@@@@&@ from

t he nei ghbori ng.ggll refefred to as., "other-cell interference" bel ow) due
to a spreadi nggogglicns:oaéttlgi n%gd %y Jg%‘f eéﬁ?’ﬁg- TPhEELYRr &0 h waS§less

i npl enent at i onaotesnemeehbdf neguency newse Winddr ald ocales,dlileavail able

spectr al bandssB(Q_ t he 38W§ﬁspect jve cells is enabled. Therefore, relative
to TDMA (Ti me B %nCRRi ¢ i (Prihegenals) Fapguenay vPHeksian  avai | abl e

spectral bandsMadtisld:amy)| oged eMeChRE eNbmlti—Carrier-Code Division
10 Multiple Access) is enabled. Therefore, it is easy to
implement a reduced power consumption which is one of
the important desired conditions for the mebile station.

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

15 coherent-detection using dedicated pilot channels,
assuming that power 1levels of the pilot channels are
the same, DS—-CDMA relative to such methods as OFDM and
MC-CDMA has a larger pilot-channel power per carrier.
Therefore, an accurate channel estimation so as to

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

Third, in the multi-cell envircnment, 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” below) due to a spreading
gain obtained by spreading. Therefore, an easy
implementation of one-cell frequency reuse which
allocates all available spectral bands to the

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

spectral bands to the respective cells, an increase in



spectral bands to the respective cells, an increase in -3 the spectral
usage efficiency is enabled. However, as DS-CDVA is a W rel ess access
nmet hod Suitable in the Multi-cell environment, 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 interfereme®is usually small, the advantage
of reducing other-cell interference by spreading is low Therefore, in
DS-CDVA., 10 a.l arge nunher of signals of sinultaneously accessing nobile

stations need tReSERTHAtDIREaTE | AL Biefmnayo imclenebtefihe sane | evel of

spectral usage efficiencyo@syed N JDOMAL_ exanpl e, .when the -respective
mobil e 15 stations transmt terfe{ns% ttisngﬂ@l"gﬁﬁl s? haWRg el BopRsed

spreadi ng codedelhr spridabilag fractie ehlSP-céhe ehbarStHest oncglata tate
becones 1/ SF sQ tlt}%bv&'“]thaDS- CDMAbthere is a need to acconmpdate the
signals f rom “S~ 5T e23t SPSGREPEH GFYEY 3F athicawset Horsamentevel 20 of

spectral usage Ief fotiencyonds  TDMY. dHRWeYEl1a1dy a1 AC Nk wrel ess
propagation environnent, an ‘effect of Mitlple- Acces%H?'lrLl’fée%eeQen%%c}( MAI )

in which the &FgnHlS $"PBm3tpﬁé rdRgFecend e thebi irelesirat emvisronimeher fiare Wit h

one anot her duentendidff eg£fsas LE nditjo f _propagation fromthe
respective nobile _stations to the%%g%g g%% i gﬁgffg?r%D%C%t ahte “SHRbbBgat i on

del ay t.i me, ch&Rgelof t&?op%@tmtggécmngéﬁu@a@naﬁheﬁwmm nant. As a
s describod apace S e e R PR UL S20 b PP TR en ¥ho DS FBFA hand.
| EDVA (IntJeQIeave]diIge number of signals of simultaneously accessing
mobile stations need to be accommodated in order to
achieve the same level of spectral usage efficiency as
in TDMa,
For example, when the respective mobile
15 stations transmit transmitting signals having multiplied
spreading codes with spreading factor of SF, the
transmission data rate becomes 1/SF so +that with DS—
CDMA there is a need to accommodate the signals from
SF mobile stations in order to achieve the same level
20 of spectral usage efficiency as TDMA. However, in an
actual uplink wireless propagation environment, an
effect of Multipie—Access Interference (MAI) in which
the signals from the respective mobile stations
interfere with one another due to differences in
25 condition of propagation frem 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
3¢ is reduced to about 20-30 percent.
On the other hand, IFDMA (Interleaved
Frequency Division Multiple Access) is being studied as

a wireless access method which enables a reduction of



Frequency Division Miltiple Access) is being studied as a wrel ess access
nmet hod whi ch enabl es a reduction of -4 the MAI as descri bed above (for
exanple, refer to belowidentified Non-Patent Docunment 2). |FDVA applies
a synbol repetition to. a data synbol so as to performa sorting to
generate a predeterm ned synbol 5 pattern and to nultiply a nobile
station-specific phase to a transmttinggsignal 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 respectithe nMBI| @sst désafibed bgoaird angss QRakbE f&ggggnc‘% axis

wi t hout overl appi ng}_oae another. Furthernore, a stuty of "a transmi ssion
timng control A OXn SRR FisichollontPateanic| Recwuarit MY . SGFBEA tappili@sove t he
spectral usage sf bibencyebstindgy Way 15 Lfor le, refer to

bel ow-i dentified Non-Pat en? Docurnent S)a.1 E%% Z?%ﬁfgg}h)d ¥ @438 are diagrans
whi ch respect RFEEPIM |4sEPEEENT | fie oeermitbora apeeset@fminelp! W12

1
transm ssi o tigXieR@RO | i n ink and for a case of nat applying
such control a?gg'r di ngr%r%d)t B‘st gngﬁglfe(T a?“tf}.’l]ﬁs FF?YPS‘W"&P@&ltht@gaéase of

FIG 43A in whitéh a ttransmitsiran siohay Rt rotanshisSoin _apgl;'ﬂﬂ, t he
22

signal s transm r t respective receivers 200 throug 0 have
non- coi nci derrlr}tr%?ggglgve?et Fﬁ?‘%gé‘satt $he9BRR%rGoR | of the IFreadietermindd

different del agymboks mftterapagd | gRe t g1kl 1;@?@ atj,on 0.. Therefore,
with the transm_s timng control, tuhe ?rans ?%I tr*leglf%tirrtllﬁ’(]bnlglse of the

L on
respective nobcha%%?%T?%?Fslfz‘*GO Rssughe20her esigredsr ofdord shet hat t he
respectivelsi gnakpettanS Mhbbefl 3QcLE OGNt NG rESPEELLYE. ORI 6, Stations 200

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 is undexway
15 (for example, refer to below-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 control in an uplink
and for a case of not applying such control according
20 to the related art. As illustrated in the case of
FIG. 43A in which a transmission timing c¢ontrol is
not applied, the signals transmitted from the
respective receivers 200 through 220 have non-
coincident received timings at the base station 100
25 due to the different delay times of propagation to
the base station 100. Therefore, with the transmission
timing control, the transmitting timings of the
respective mobile stations 200 through 220 are
controlled so that the respective signals transmitted
30 from the respective 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 signals at the base
station 100 -5 fromthe respective nobile stations 200 through 220 at the
sane time (refer to FIG ~ 43B) - Wien using at this tinme orthogonal code
as spreading code, the received Signals fromthe different respective
nmobil e stations 5 at such timing are orthggonal to one another so as to
reduce the MAI. Hereby, inprovenent in the spectral usage efficiency is
enabl ed. Furthernore, a study of a technol ogy which suppresses for a

recei ved -signafraff enéeddapebblivd - miBipat @tatgg_&[l; erg @ d% IAf%LI at.oon
n 1}{,9%9 pa

I nterference by signal praqcessing at the receiver
interference caml f %‘Pe(ftéfneexbﬁﬁﬂeé tef FIGt 04 kRl ommheﬁlelmtsllggecgﬂ\loghfgtent

Docunent 4) as #ilpleishied 4, a chi,p _equalizer (for exanple,
refer to bel ow 15 |dent|§l‘;ﬁ)ﬂ§I1 c%F?at gﬁt BECATERT $Pd8s ithausreeeied n FIG

45, and a freqlﬁelrﬁﬁlyilsdoﬁmrm qulaldlfeerérﬁ'@r rgngg@{g-e 866114 O stations
bel owidentified Nop 1li’ai;tc_aLn'L Docunent | ustrated 1 n Fl é 28 %r
representative exanpl es. ~THE M °r?°|nﬁt"-er’$fér éﬂ@e apamber| exo 28s as

illustrated m‘dﬁ&edhélceeslthgam angk gane mul tizpath
i nterference signal e#% mator 351 a si gnal EI rrponent czﬂjsFﬁa FEREEETHht h

interference (referr edFta§1286Ya iful enalpkady replica bel ow) and subtracts the

estimated nulti-path intpafefSncse Pl i descri bed, 25 above froma
received signal_. Hereby, a repr oduct :O‘Jongilu (r}zc |3§&h§? Hedthg a

reduced mul ti - BHFH’:?WE Hf efBRce efteeivads engﬂnéJedaffb@ted:hbp efliqliizer as
il lustratethi npEkfe #ARerFeReRAL esmgitf ehnnlntma ri x generator 361 a

st erierence by signal
processing at the receiver is underway. A multi-path

interference canceller (for example, refer to below-
identified Non-Patent Document 4) as illustrated in FIG.
44, a chip egualizer (for eXample, refer to below-
15 identified Non-Patent Document 5) as illustrated in FIG.
45, and a frequency-domain equalizer (for example,
refer to below-identified Non-Patent Document 6) as
illustrated in FIG. 46 are representative examples.
The multi-path interference canceller
20  as illustrated in FIG. 44 estimates and generates at a
multi-path interference signal estimator 351 a signal
component causing multi-path interference {referred +to
as a multi-path replica below) and suptracts the
estimated multi-path interference replica as described
25 above from a received signal. Hereby, a reproduction
of a received signal having a reduced multi-path
interference effect is enabled.
The ‘chip equalizer as illustrated in FIG. 45
generates at a channel-matrix generator 361 a channel
30 matrix which shows the amount of change through a
propagation channel of a received signal so as to
" derive from the matrix at a weighting factor estimator
362 a2 weighting factor which reduces multi-path



30 matri x which shows the anobunt of change through a propagati on channel of
a received signal so as to derive fromthe matrix at a weighting factor
estimator 362 a weighting factor which reduces nmulti-path -6 interference
fromthe matrix and to multiply at the chip equalizer 363 the weighting
factor as described above and the received signal (this operation is
referred to as an chip equalization)- FbLgby, a 5 reduction of an effect of

multi-path interference is enabled. The frequency-domain equalizer as
illustrated in FIG 46 converts a received signal at a tinme-to- frequency

converter 371 iiMterEerefgdeFsmdorpd Npgtgnal a .then_derive at a
wei ghting-factor estimator 372 a wei ghti:[r;%l fazililgt gt% V\ﬁ‘ll% lRJé(duﬁ S | ti-path
interference, &R o@¥AkizATy 363 t Hbef rerwndpgddimitor esplabbzeFibadd a

wei ghting fact pdve t r IV, frequency-domai n signal so as to convert
to the tine 15 donai ng&gtctl ftﬁg ff%c?&gﬁ@yﬁ]@p%rli nﬁ%v EATIPPY. iThe

perform ng of seferggdr atd oas emabtlkesp a eREULE A1 ) t hege £dfyect 5 of

mul ti-path gnt rence. n- Patent Docunent 1 H. Atarashi,” S. Abeta, and
M Sawahas h? , q"%ﬁp%rg ggdﬁglr\llgaﬁa&fgﬁcw i Bl BkRedd abprenfierancef ds hi gh-

speed and hi gh-eregpdedty t hroughput,” | EEE VTC2001- Spring, pp_ 566-570, My
2001 Non-Patent Docunment 2 25 M Schnell, |I. Broek, and U_ Sorger, "A
proni si ng new wi deband ntiPti fredueresansisneqtatizdwt ase imhikeated

comuni cation Syster®, "seEbRREARs ThaNSeceived signal at a time-to-

frequency converter 371 into a frequency-domain signal

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

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

Non-Patent Document 1

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

20  “Broadband packet wireless access appropriate for high-
speed and high-capacity throughput,” IEEE VTC2001-Spring,
Pp. 566-570,
May 2001

Non-Patent Document 2

25 M. Schnell, I. Broek, and U. Sorger,
"A promising new wideband multiple-access scheme for
future mobile communication systems,” European Trans.
on Telecommun. (ETT), Vol.l0, No. 4, pp. 417-427,
July/Aug. 1999

30 Non-Patent Document 3

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

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



on Tel ecommun. (ETT), Vol.10, No. 4, pp. 417-427, July/Aug. 1999 30

Non- Pat ent Docunent 3 Een- Kee Hong, Seung-Hoon Hwang, and Keum Chan Whang,
"Synchronous transm ssion technique for the reverse link in DS Cl DVA
terrestrial nobile systens,” pp. -7 1632-1635, Vol. 46, No. 11, |EEE Trans,
on Conmmun., Nov. , 1999 Non-Patent Docunment 4 Kenichi H guchi, Akihiro
Fujimura, and Manoru 5 Sawahashi, Milti-path Interference Canceller for

Hi gh- Speed Packet Transm ssion Wth Adaptive Mdul ati on and Codi ng Schene
in WCDVA Forward Link," |EEE Sel ected Area Conmunications, Vol. 20, No.
2, Feb. 2002 Nohe3&ditast, Dosunest, Nol0 A Khkekd, 7, a detection

al gorithns spec&oa\ITI y gg%i_rgned for the downl i&%ltﬁofh%km (r%rjo%big'%m?’é’di'o )
systens", in Proc. ’l Elli C 97, pp_ 203- 207, May 1997 Non- Pat ent Docunent
6 15 D. Falconer, SL Ari yeuipht&lul pofundgnygni n- Seeyar, and B. Eidson,
"Frequency domai n equal i zation =carrier broadband wirel ess
systems", |EEE Conmmun. K&gichioHigubhi NoAkdhipp. FR$ifra APEnd2MRwry

However, besausfyJaRgkgsi S R 13SPLeadi ain 20 in IFDVA, it is necessary
to divide all auerTabls’ s‘g@é‘fcr%a FPhndbtitisrencs ofameshierd fawer Bigh- |

spectral band$resdt heagkegdpeTtingmicelibs. wiher eAd o1 vaY Sl ian 4 gdoﬁot' ng
thod, [t is difficult to 'seek an 1NCréase t he

such wirel ess %@ﬁﬁs ,
spectral usage eFii'ci eNe™s 1% HofRMR h&oruprd- dénk, EnVIEEENnSeiliectad t he
isolated cell 2eeui rcommniicathend NCkgase Joh thE spectgal usage

Non—-Patent Document 5

10 A. Klein, “Data detection algorithms specially
designed for the downlink of CDMa

mobile radio systems”, in Proc., IEEE VIC’97, pp. 203-
207, May 1997

Non-Patent Document &

15 D. Falconer, 5L Ariyavisitakul, A. Benyamin-
Seeyar, and B. Eidson, “Frequency domain equalization
for single-carrier broadband wireless systems”, IFEE
Commun. Mag., Vol. 40, No. 4, pp. 58-68, Apr. 2002.

However, because there is no ‘spreading gain

20 in TIFDMA, it is necessary *o divide all available
spectral bands so as to allocate different spectral
bands to the respective cells. Therefore, even when
adopting such wireless access method, it is difficult
to seek an increase in the spectral usage efficiency

25 in both the multi-cell environment and the 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



efficiency increases the nunber of nobile stations which can be
accommodated in the base station at the respective cells so as to achieve
an increased 30 communi cations-1ink capacity. Furthernore, as the

rel ated-art technol ogies as described above are technol ogi es concerni ng
single elenents within a wreless transm ssion system in -8 order to
actually build a wireless transm ssion sygtem a study on a specific
configuration of a base station and a nobile station as well as on an
overall configuration and also on a specific controlling nethod 5 of these
si ngl e- el enent amsimotogizetundlpeddadd HoWRyeEleds 2rsnidiGiignt ﬁ&%ﬁl
concer ni ng the.§°EEE§ as _described _above has not been perforne o ddte,
there is a demand~rory a &hedi fRECLESRT iICGREAPRBREIYF afbasebatat statdog a

nobi | e station.an) SUMEBRY eOFs ¥ onNVENTLON It d s 2 %%ngé‘%ﬁqﬁjeect of the

present invention.to %L__ovi de a wireless transm ssSio station, a
base station, £PFIGPEATIR, 2add alaret bud alSspécif i r ebeta®1188S Mt Foan

that substapti dJd yrebyd atsengP8e re bl.ems _caused by the limtations
and di sadvant ages of the relate aelr;(}tz. ?egéﬁlo&ﬁﬁlﬁ thePPEBTens as

descri bed above, it is Howeverpamsi eul sufdbjimit oftidie present 20
invention to provi.de hl.e station, a base station, a programfor and a
met hod of a wirel essn??‘gﬁls%#iess?%lnntst hat &EAFEVRS afbPHer dasecnaiapheeny of a
conmmuni cat i ons Pefrfakmeéd ot hdzed,| ehyié ORRENY S damaflés Hoi-bed ggg(\_(fﬁfcor

esen

conducting co ' Lons by DS-CDVA. Furthernore, the 25 pr Ihvention
relates to a %?Fg&é]f%ﬁo%,og faskase station and a mobile station.

10
SUMMARY OF THE INVENTION

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

1.5 ©of a wireless transmission that substantially obviate
one Oor more problems caused by the limitations and
disadvantages of the related art,

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

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

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

30 one-cell reuse.

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

by DS-CpMA a signal which is spread by multiplying a



station, a programfor, and a nethod of a wireless transm ssion which

achi eves i nprovenent in the spectral. wusage efficiency, for exanple, in an
i solated cell environnent as the increased capacity is achieved by 30
one-cell reuse. According to the invention, a nobile station which
wirelessly transmts to a base station by DS-CDVA a signal which is spread
by multiplying a -9 spreading code includges a chip-pattern generating unit
whi ch generates a predeternmned chip pattern by performng a chip
repetition for a predeterm ned nunber of repetitions to a spreading chip

sequence, and arFeadingDl yodg UMCLudls Cha Mirlibphl 880 eSLODAl .n%lnligi ng

the predetermned chip pattern which is generated by the generating unit a
phase specific “&’O‘C?‘he EEBFF%te%t atd onPngﬁﬁ%m@eﬁt at icbapi n pattesdpodi meNnt  of

the 10 inventi gereddablieg a redust i-Qpi ngplt tin Lgnals i.nterfering
with one another, as the f_requiek?\cy gg{ég%{r%?rs%g]}c athgr‘?% S0PGE RyBPeE
stations are f PdquékPPrasHens ot ogosereasiiog i ohip casequnaay! t iapke gobile -

ne base station. Such 15

stations sgnulfAar canpect | to the sa ; .
reduction of rrulti%?gﬁé% eggl?ntv}er &y Mt Jipad‘?éas%% fEhSigmgdctinmlugdage

efficiency in &he soradetermidedenchipnnpattedm Whieh apseféfggrd%%dsug
I nterference i§hgonkg%gtFﬁo as to, achieve an increased |link capacityr As a

result, when commum catiny Py YE-eOMh, BRRpIBRdifist 6we- cbel fobdglency

20 reuse usi ngsarkyospreadi ng not using chip repetition and also an
applying of chip repetition in.an isolated cell environnment enables an
i mpl enent ation of an i ncrta®elils micatdgpacin yann epboldinedt edvittenments.

According 1® anatértigspena@iethne 4 NVEALEP Do in transmitting signals
interfering with one another, as the frequency spectrums of
the respective mobile stations are frequency—-domain
orthogonal even in a case of multiple mobile stations
simultaneously connecting to the same base station. Such

15  reduction of multiple-access interference increases the
spectral usage efficiency in an isolated cell environment
in which an effect of such interference is dominant so as to
achieve an increased 1link Capacity. As a result, when
communicating by DS-CDMA, an applying of one-—cell frequency

20 reuse using only spreading not using chip repetition and
also an applying of chip repetition in an isolated cell
environment enables an implementation of an increased link
capacity in both cell environments.

According to anothexr aspect of the invention,

25 a mobile station which wirelessly transmits to a base
station by Ds-CDMA = signal which is spread by
multiplying a spreading code includes a high-precision
transmission timing control unit which controls
transmitting timings of transmitting signals so that a

30 time difference at the base station among timings of
receiving from mobile stations approaches zero.

A mobile station according to an embodiment

of the invention enables an increased link capacity



25 a nobile station which wirelessly transmts to a base station by

DS- CDMVA a si gnal

a high-precision transmssion timng control unit which controls

transmtting timngs of transmtting signals so that a 30 tinme difference

at the base station anong timngs of receiving fromnobile stations
approaches zero. A nobile station accordi_gﬁ_to an enbodi nent of the
y
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take into account such effects as the reduction of MAI by
chip repetition. An increase in the spectral usage
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
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
as a set of controlling information, an infermation
set indicating an environment of a cell which is
resided by the mobile station, or an information set
indicating the power of interference from surrounding
cells, or an information set indicating a propagation
channel condition, and a receiving wnit which receives
a signal which is transmitted from the mobile station,
based on the set of controlling information, wvia a

variably-controlling process of a spreading factor and

which is spread by multiplying a spreading code includes

-10 without having to set at
wireless interfaces for the respective cell



transmtting unit which transmts to the nobile station 25 as a set of
controlling information, an information set indicating an environnment of a
cell which is resided by the nobile station, or an information set

i ndi cating the power of interference fromsurrounding cells, or an

I nformati on set indicating a propagation 30 channel condition, and a
receiving unit which receives a signal whhch is transmtted fromthe
nobil e station, based on the set of controlling information, via a

vari ably-controlling process of a spreading factor and -11 the nunber of

chip repetitionthe Anbaber stodft | g Nrapeiiefisnent of the invention enables
a receiving of controlling information fromthe base station or the
network connecting to thé baRds sEhatim soims ep vanbedigesont bal tie

spreadi ng fact ofnwidichhe dpamhet of chip. Lepetitions based on the
controlling information. Furfher mre&eﬁhéﬁgas?gt scfoélt%rrSiif‘%geﬁB%‘F’aEFf&On
recei ving of theram dgnbesengtatipmlce fthemmeheoriohidriiecstagi anstmhiyahichave

under gone t he vary y<contralling._ 10 process. /According to another aspect
of the i nvegt i o%dﬁghprsgg%tgm% o#’aaﬁl?%f%scsc”ﬂ%’asrﬁh?sisBﬁ?a A astor and a
mobi | e station WiE chunber| eSsichipr angetisibAs aphass ont aﬁﬂéjncmtx%%'lw a
spreadi ng si gnaj{n | ti QI I ed bé a 15 spreadi ng code, a chip-pattern
generating functi A 8F1YenE Rt HEer gy cble cb@SRe S tattiipnpate eenabled a

performng a Qudeitepgtidf onHeOr +a-RELAE LM rer of . repeti.tions
to a spreading chip sequence, and aa NUItilngl;} %g %\%t ?%ﬁmoft%l £19 Fng to
a signal 20 i nd"@dARGSt hEhprledeiadiani nederbepe pather variabhy+sontgengiaged by
the chip-papt ergroggrgrati ng function a phase specific to the nobile

station. .
According to another aspect of the invention,

a program for wireless transmission, implements * in a

mobile station which wirelessly transmits to a base

station by DS-CDMA a2 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

frequency-domain orthogonal even in a case of multiple

mobile stations simultaneously connecting to the same base

station. Such reduction of multiple-access interference

30 increases the spectral usage efficiency in an isolated

cell environment in which an effect of such interference is

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

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



A programfor wreless transmssion in an enbodinent of the invention
enables a reduction in 25 transmtting signals interfering with one.

anot her as the frequency spectruns of the respective nobile stations are
frequency-domai n orthogonal even in a case of nmultiple nobile stations

si mul t aneously connecting to the sane base station. Such reduction of

mul ti pl e-access interference 30 increasesithe spectral usage efficiency in
an isolated cell environnent in which an effect of such interference is
dom nant so as to achieve an increased |ink capacity. As a result, when

comuni cati ng B3elDS-TRMAcnen appkyi ngiah ergy- Jsggr@abh_nérgglgewng?%%PUSi ng
c

only spreading t L ng_chi repetitions and also an applying p
repetitions in lIaé etru@%?zg? e%lncge"ﬂscgrﬂﬂ YR I9e REDEBLD arepefyi tdwpst ani en of

an increased lisoRacapacely ieRvDOsinSa! | rgéBﬁieTO n Agcording_to
anot her aspect .of the invention, a net hod. of Swir}’{r}gl e slet%ﬁgﬁgﬁ*%%i gf‘u an
wherei n a nobi FECYER5EH ohikhiceRasi kel 8t lofht cahk réme donmanbese station by

DS- CDVA a s gnhal which i by. |t ing a preadi ng code, includes
a chi p-pattern generatinguégggggg d?y38%855¥¥n%589ﬁ§ed€?eﬁ nekRvEmitpon.,
pattern by peffomsithgda ofi pwiepbtsd i onrafrmemisspsredet wididiod RUNRLL; 1 of
repetitions tos%a%?&ﬁad&ﬁQ;Cth sggue ce, and a nultiplying step o%

mul tiplying to a signal " inel udPAGISEREY priefsBifenedoch? p bre erstaghph s
generated by 15yt heS-gemer ati ngigiAAp ahpPRSE SPepkéid b tﬂﬁl(%?wi% o
station. A neth geoé.mdrelass transm ssion in an enbodi ment the

i nventi on enabP&ES R tRHUEPPEn iAPCE88sm t Ghig B bR mRberdemiqigsweph one

anot her asl@ heo20 f egeeaeingpeciru rgéeggl.qui;lgapec | nmohi.le_stations are
frequency-domai n_grt hogonal even i nng case of multi tﬁ?’ﬁe(s Bat€elh by
periorming a chip repetition for a predetermined number

of repetitions to a spreading chip sequence, and a
multiplying step of multiplying to a signal including
the predetermined chip pattern which is generated by

15 the generating step a Phase specific to the mobile
station.

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

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

25 environment in which an effect of such interference is
dominant so as to achieve an increased link capacity. As a
result, when communicating by DS-CDMA, an applying of one-
cell frequencx reuse using only spreading not using chip
repetitions and alsoc an applying of chip repetitions in an

30 isolated cell enviromment 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



nobi |l e stations sinultaneously connecting to the sane base station. Such
reduction of nmultiple-access interference increases the spectral usage
efficiency in an isolated cell 25 environnment in which an effect of such
interference is domnant so as to achieve an increased link capacity. As a
result, when conmuni cating by DS-CDMA, an applying of one- cell frequency
reuse using only spreadi ng not using chip}31epetitions and al so an appl yi ng

of chip repetitions in an 30 isolated cell environnment enables an
i npl ementation of an increased link capacity in both cell environnents.

QG her objects adlbwih§eradreativnesqdd 4 r Lnvent.ion w || becone
apparent fromthe -13 follow ng det al | e%%éggcﬁ&p ‘We;erjrnr eSgPiypction

conj unction witfit Hehec eerpePamyigodr drdwigsss .BRI EF DESCRI PTI ON OF THE
DRAWNGS 5 FIG 1 is a schematic diagramof an overall <configuration of a
nobil e transm ssion systemand a configuration of a nobile station

according to aBRIEEi DERCRIRIIIOANOF THES pRAwINGgg schematic di agram of major 10
operations of a nobile s%gélon .accor |ng toa first enbodinent; FIG 3 is
a schematic” di agram of o 8 hemesier cigemep syfecenumvekaalsi gnal

transm tted bycoafimgbraeidt abe% ae&ef i n? rhifRuft Jdigt € n‘o%gilrrt%g% 15 FIG 4
Is a schematic di a%ram of an overall configuration of

transmi ssi on sySPE Wrcoff i guraehoie ostatimbi hecsidiligOnto agCcordifig to a

second enmbodi meabodfthdar > IS a schematic diagramof an operation 20 of a
W rel ess transm ssion systen1accord|ng to a second enbodi nent;

FIG. 2 is a schematic diagram of major
10 operations of a2 mobile station according to a first
embodiment ;

FIG. 3 is a3 schematic diagram of one example
of the frequency spectrum of a signal transmitted by
& mobile station according to a first embodiment ;

15 FIG. 4 is a schematic diagram of an overall
configuration of a wireless transmission
system and a configuration of a mobile station
according to a second embodiment;

FIG. 5 is a schematic diagram of an operation

20 of a wireless transmission system according to a
second embodiment;

FIG. 6 is a schematic diagram of an overall
configuration of a wireless transmission system and a
configuration of a mobile station according to a third

25 embodiment;

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

FIG. 8 is a schematic diagram of major

30  operations of a mobile station according to a third
embodiment;

FIG. 9 is a schematic diagram of an overall

configuration of a wireless transmission system and a



FIG 6 is a schematic diagramof an overall configuration of a wreless
transm ssion systemand a configuration of a nobile station according to a
third 25 enbodinment; FIG 7 is a sequence diagram of an operation of a
wirel ess transm ssion systemaccording to a third enbodinent; FIG 8 is a
schematic di agram of major 34 operations of a nobile station according to a
third enbodinent; FIG 9 is a schenmati c-gi.agram of an overall
configuration of a wireless transm ssion systemand a _14_ configuration of
a nobile station according to a fourth enbodinent; FIG 10 is a sequence

di agram of an &pafaguvatiaf afwia ehelSsld r 80sHL&S QBcSYSIRM ?gc%rdi ng to a5

fourth enbodi o (_;' E1 .1s a schematic diagramof a configuration of a
base station gggtélrra:ﬁ_ng 8%ém§]@£0nd, a third, and a fourth enbodinment; FIG_

12 is a schematic di agrapi®f 1@ Mar hatdme . nfiguration of,a base
station accor di 29 to a_second, a third, E%g gjlfagﬁrg@h LS PEFEESEPE 13
i s a schemati c®di dyr 4T BteshotRersmbyshonof systoanf agewatingn € a base
station acoprdieBgrt® @mpe8ERLd,. @ third, and a fourth enbodinent; 15 FIG
14 is a schematic diagramof an" exenplary configuration of a nobile
station according to a FIG.t Hledbosi rehtmatid dhegdahafate doubled; FIG

15A and FIG 1 sghemati ¢ diagrans 20 of an exenplary frequency
spectrum of a S?%ﬁ{sﬁﬁaﬁlllﬁ& OJ‘F 2 Dase station according to a second,

a third, and a fourth embodiment;

FIG. 12 is a schematic diagram of a wariation

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

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

15 FIG. 14 is a schematic diagram of an
exemplary configuration of a mobile station
- according to a fifth embodiment with the data rate
doubled;

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

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

FIG. 16 is 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 a schematic diagram of another
exemplary configuration of a mobile station according

30 to a fifth embodiment with the data rate halved;

FIG. 1% is a schematic diagram of a
configuration of a wireless transmission program

according to the present invention:



signal with the data rate doubled; FIG 16 is a schematic di agram of an
exenplary configuration of a nobile station according to a fifth

enbodi nent with the data rate halved; 25 FIG 17A and FIG 17B are
schematic diagrans of an exenplary frequency spectrumof a transmtting
signal with the data rate halved; FIG 18 is a schematic diagram of anot her

exenpl ary configuration of a nobile statipg_according 30 to a fifth
enbodi ment with the data rate halved; FIG 19 is a schematic diagram of a
configuration of a wireless transm ssion program according to the present

invention; -15 FIG 20 isr@. sghenabi cdiagnham configuration of a
nobi |l e station accordi ng. to a sixth s(’anbo |§nLent8%a%aﬂ 3& i%s a schematic
¢

di agram of a 5“CHALPYERBITONOST @ bebelet athdiomcaecdiding 0t8 S Xbikth

enbodi ment ; Flefnod2mbs: 2 schematic di agram of an exenplary nobile station
according to a fifth en%’odi ment which changes scranbling code according to

external 10 controlling Fi¢oratatison; sthématdZ | §idyrdnpdsgm Whi ch descri bes
to a sixth enbodi ment. which

an operation . |le station according, _
appl i es chi% r%@?ﬁg?g#maﬁ@% ful PA3F eRFAGioRI ecpPedbtmntel & SEXEH G 24 |
20 s a sc errakmbodimagtiig/m of an exenplary configuration of a nobile

station according to a fifth enbodi nent which changes a nobile station-
FIG. 1s a schematic diagram of an exemplary

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
Ccperation of a mobile station according to a
sixth embodiment. which applies chip repetition
after multiplexing multiple channels;

15 FIG. 24 is a schematic dilagram of an
exemplaxy configuration of a mobile station according
to a fifth embodiment which changes a mobile station-
specific phase sequence according to a set of
controlling information from an outside ‘source;

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

FIG. 26 is a diagram which describes an

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

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

30 embodiment which sufficiently lengthens a predetermined
reuse pattern;

FIG. 28 is a sequence diagram of an operation

of a loose transmission timing control performed in a



speci fic phase sequence according to a set of controlling information from
an outside source; PIG 25 is a diagramwhich describes the concept of a

| oose transmission timng control which is performed in a transni ssion
system according to a sixth enbodinent; FIG 26 is a diagram which

descri bes an 25 operation of a nobile station according to a sixth

enbodi ment which inserts a guard intervaliper a predeterm ned repetition
pattern; FIG_ 27 is a diagram which describes an operation of a nobile
station according to a sixth 30 enbodi nent which sufficiently |engthens a

predeterm ned wiswdespattminsmikl{on 28yksem RIUSAERG didIrams9fan operation
of a | oose transm ssion_timng controf{ performed in"a -16 w reFess
transm ssi on sﬁt{’gé’ﬁllﬁ‘ﬁﬁ& ding to a sixth enbodinent; FIG 29 is a

schemati c diagram of a fFkfgt el f:i.0 Lon of a npbile station
according 5 to a sixth enbodzi%%{rgv\ﬁ%%h&%gﬁ igégé#ﬁmp Pepét in??'ﬁ%t and
tine-nultipl exSHPPLBEY clrenfaburatic®d 86 i mosthenstitich ageasr@ing second
exenpl ary cegnfiwgurati f bile station accqrding  to a sixth

enmbodi ment %ﬂ c a%pf?e&é‘ﬂcheﬁ‘bﬂgr&e”ﬁéfﬁ:t i‘%ﬁc 1CPRIHG o5 nelifu| FeRgididsenpi | ot
channel's; FI G a3d isire-smiieiplétedli pglom ¢hadneihird exenpl ary
configuration of a nobi Ig ét tign according to a sixth enbodi ment which
applies chip 15 repetiti ol amP fiSnd- Aehemafiexedisgnan ehaancsegod

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 mebile station
according to a sixth embodiment which applies chip

15 repetition and time-multiplexes pilot channels;

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

20 FIG. 33 is a diagram which describes a
transmission timing c¢ontrol in accordance with received
timings of first paths of the mebile stations;

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

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

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

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

embodiment:

FIG. 37 is 2 diagram which describes the



FIG 32 is a schematic diagram of an exenplary configuration of a base
station according to a sixth enbodi nent which neasures received timng by
pil ot channels which apply chip repetition; FIG 33 is a diagram whi ch
describes a transm ssion timng control in accordance with received
timngs of first paths of the nobile stations; FIG 34 is a schematic

di agram of an operation of a wireless trahsm ssion systemaccording to a
sixth 25 enbodi nent which perforns transm ssion timng control 30
enbodinent; FIG_ 37 is a diagram which describes the using a conmon pil ot
signal; FIG 3%90§eRtscienat istrdicigraransiiasicnnitiginat icoatebia nobil e

station accordi vent h.enbodi nent; F|G,L 36 is a schematic di agram
fEQm%da Dot AT 6RS g%f&?ﬁ?‘h@“tod‘ aS¥evamt Accardig@ncept of

of a configurdtion o ase s
a strict transrbdoss: onevientRg «dabifkntperformed in a wirel ess transm ssion
system according to a seventh enbodinent; FIG 38 is a schematic diagram
of an exenmplary 5 configtfatitborisor sSorsHrLécsdiagrem acfordi negamplary

sevent h enbpdi Ak iyhEshs Ghagges Sk | g, £oge Eﬁgg%oqns%\%set of

controlling informafion froman outside source; &chemati ¢
di agram of an S®¥FRFR embodémentyumhicbn dfangeni rseirasblin@neFussitaReayst em

and a configurgahi op Qhkya Jpbi tion according to . an eighth enpbodi ment;
FIG 40 is a flowhart vvh‘%ggh Fﬁ:%s Fares A prmatitn’ %trom anYoutside
sourxce;

FIG. 39 i1s a schematic diagram of an overall

10 configuration of a wireless +transmission system and a
configuration of a mobile station according to an
eighth embodiment;

FIG. 40 is a flowchart which illustrates an
operational procedure of a mobile station according to

15 an eighth embodiment;

FIG. 41 is a schematic diagram of an overall
configuration of a wireless transmission system and a
configuration of a mobile station according to a ninth
embodiment;

20 FIG. 42 is a flowchart which illustrates an
operational procedure of a mobile station according to
a4 ninth embodiment:

FIG. 43A and FIG. 43B are schematic diagrams of
2 time chart for a case of applying a transmission

25 timing control in an uplink and a case of not
2pplying 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 is a schematic diagram of an exemplary

configuration of a Frequency-domain equalizer according



operational procedure of a nobile station according to 15 an eighth

- enbodinent; FIG 41 is a 20 schematic diagramof an overall configuration
of a wireless transm ssion systemand a configuration of a nobile station
according to a ninth enbodinent; FIG 42 is a flowhart which illustrates
an operational procedure of a nobile station according to a ninth

enbodi nment; FIG 43A and FIG 43B are schegatic diagrans of a time chart
for a case of applying a transmission 25 timng control in an uplink and a
case of not applying the controlling according to the related art; FIG 44
is a schematic i aghamxsfladrdereartpl ary configuration of a rel ated-art
multi-path interference canceller; 30 FIG 45 is a schematic di agram of an
exenplary configuration of a related-art chip equalizer; and FIG 46 is a
schemati ¢ di agmMETAGLERNDESCRIHTEON OF OPdE GEaEkARD WM fg%grgncy- domai n

equal i zer according -18 to the related art. DETAILED BIE TI ON OF THE
PREFERRED EMBODI MENTS | ni® heth%| IFowilayirgnbebodimentef ofie thesqnieseht
invention ase desehikbed W tiher ef eyance t he ..acco ing drawi ngs, (A
first enmbodinment) First, a confi S‘Br ati 8%80f guv'%nﬁr el ergs)e?&tepgﬁsm [ oﬁh§yst em
accordi ng to a3 “PEPaBYiRA AEA¥1HES. 10 described, As illustrated in FIG 1,

a wWireless transm ssi on ﬁ(stﬁ@s% ig&lo%q%gn% nobil e station 10 and

First, a configuration of a wireless
transmission system according to a first embodiment is
10 described. As illustrated in FIG. 1, a wireless
transmission system 1 includes a mobile station 10 and
a base station 100. The mobile station 10 transmits a
wireless signal spread by multiplying spreading code.
The mobile station 10 includes a channel encoder 11,
15 a2 data modulator 12, a spreading-code multiplier 13, a
chip repetition unit 14, a pPhase multiplier 15, a
bandwidth limiter 16, and a carrier-frequency
multiplier 17,
The channel encoder 11 performs channel coding
20 by applying error-correction cede such as Turbo code
and convolution code. The data modulator 12 modulates
the channel-coded data. The spreading-code multiplier 13
multiplies spreading code to the modulated data s0 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 ¢hip pattern a phase
specific to the mebile station 10. The bandwidth
30 limiter 16 provides bandwidth-limiting to the phase~
multiplied chip pattern and the carrier-frequency
multiplier 17 multiplies a carrier frequency to the

chip pattern for +transmission.



a base station 100. The nobile station 10 transmts a wreless signal
spread by multiplying spreading code. The nobile station 10 includes a
channel encoder 11, 15 a data nodul ator 12, a spreadi ng-code nultiplier 13,
a chip repetition unit 14, a phase nmultiplier 15, a bandwidth limter 16,
and a carrier-frequency nultiplier 17. The channel encoder 11 perforns
channel coding 20 by applying error-cor+}sti on code such as Turbo code
and convol ution code. The data nodul ator 12 nodul ates the channel - coded
data. The spreading-code nultiplier 13 nultiplies spreading code to the
nodul ated data so as toTiyEmer aperstieadi 6f)- adhiep AEsiURNCELathhg
chip-repetiti 0%25 uni td.14 perf%m; chip repetition for aa‘ger edet er m ned
nunber of repetititns 6 Phe S preadiBfGSeRFp SWEhEAeR S8 HesFibederate a

predet er mi ned ehirprpatdser D11dheRase;n Mekgi pla er 545 (gl td gl o-the chip
pattern a phase _specific to the rmbille station 1%. 'Fﬁg bf?ﬁ\?\lﬂﬁg?ﬁ 3
limter 16 proPPdesPhifrwids h-Ther neciylated: bbiphaseuennet iasl izd chip

requency 1ot heren rird POy @B aaron THRRBBAERY: Hne of ¢ he
nobi | e st ati onSROed&eg dicrdet draviegpraes epreadivent Eootar esdess i pedso  Fi rst,
oS Lo 2 eab & Coefesdle LU° SHLEBOO. SO TRl LSl AT T
nul tiplied by “sprzadi ng2cote h‘mi,ag','a..SpESEUZhL,ﬂgsﬁ?gé@_{eﬁEygf "t;heso" as to
generate a sprgﬁ\dl_ngrcehl gige uence cl, 1", . cI,2i, C2,1:_L,_ ez, 2", ...
(S11). SubsequéRtPy, FRECLERFD. Upiketdd | 3pPlifs Thimpperesiting heptng tion
having 10 xthe mhebetunberr epet irkhOfst (dfs=4cki=4 N8 SHIRAML S LAY Thip
sequence. Then, the chip-repetition unit 14 sorts +he
chip-repeated chip sequence so as to have the same
sequential order as the spread sequence (S13). Herein,
CRF stands for Chip Repetition Factor.
15 Chip~repeated chip sequences comprise on the
frequency axis frequency spectrums such as those
illustrated in FIG. 3. As the chip sequence as
described above is a signal comprising a predetermined
chip pattern, the frequency spectrum becomes a comb
20  tooth-shaped spectrum. The position of the comb tooth-
shaped spectrum shifts as a phase specific to the
mobile station 10 is added at the phase multiplier 15
to the signal comprising a predetermined chip pattern.
Therefore, as illustrated in FIG. 3, the frequency
25 spectrum of the mobile station 10 and the frequency
spectrum of another mobile station 200 (refer to FIG.
1} do not overlap with each other.
Therefore, even in a case of multiple mobile
stations 10 and 200 simultanecusly connecting to the
30 same base station 100, the frequency spectrum of one
mobile statien is orthogonal on the frequency axis to
the frequency spectrum of the other mobile station S0

as to reduce interference caused by the respective



sequence. Then, the chip-repetition unit 14 sorts the chip-repeated chip
sequence so as to have the sane sequential order as the spread sequence
(S13). Herein, CRF stands for Chip Repetition Factor. Chip-repeated chip
sequences conprise on the frequency axis frequency spectruns such as those
illustrated in FIG 3. As the chip sequence as described above is a signal
conprising a predetermned chip pattern,,ghe frequency spectrum becones a
conmb 20 toot h-shaped spectrum The position of the conb tooth- shaped
spectrum shifts as a phase specific to the nobile- station 10 is added at
t he phase nul t i4ddnemit®ind O stiRE= $4 gN ri sLng predet.er m ned .chip
pattern. Therefore, as i?l usltaﬁa%%ag iﬁhrlgzl g&ﬁhe re%%ceeﬁgrfgngérﬁ‘ggfrum of

the nobile statitonth® &iget tatiequeily ofpetier ttmafstaneiher syehalie station
200 (refer to HGy d rlap wth each other. Therefore, even in a
case of multiple rmbﬁ% Qgtgg%ﬁ: o\é% 118‘9%1 26%‘3‘5}% tﬁmeé‘&gl v ®nAERting to
the 30 sane b&de stanéd onthi€l freheefitequencyrapestr WA meE JTOBEL€ st ation
i s orthogonal t ncy axis t t he frequency spectrum of the other
nobi | e stat?onq%o Qgghﬁggggdd%é Fh?e?%@ﬁﬁﬁﬁ%ycéﬁééd'%@ bt r 8§pedis ve - 20
transmitting sioghars mdiene nstadion .t hEnisecaby@sk thgi n@saidbqt He b@%@

ile

station 100 of tgg tr&grsm hti ng signals fromthe respective nob
stations 10 and*35b fE¥ouGhe WeaeninHe erbedimentsspect rum of one nobil e

station 5 is orthogonal ¢4 he;firagieng oS 1 . of _the_ _other nobile
station. This aspect is detailed in theyiéﬁgﬁ%hnﬁﬁﬁgﬁ%ﬁggﬂ ﬁ?ﬁ?ﬁ“ 1
enbodi nents. TRESOTHRPY h&owi thet epreserns isen Dions y stiem hob A€ 0sdaBgot 0 t he

present i myent ilgr,]’ Jél‘?:grm?ﬁéecﬁ&ﬁt il%?)etition and the phase

multiplying, enables a generating of a transmitting

1

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

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

{A second embodiment)

While an exemplary aspect of applying

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

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

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

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

description while detailing below the differences from



10 10, using the chip repetition and the phase nultiplying, enables a
generating of a transmtting signal having the frequency spectrum
orthogonal to that of the other nobile station (such as the nobile

station 200). Therefore, in an uplink in which 15 nmultiple nobile stations
are sinmultaneously connected to the base station 100, a reduced
transmtting signal interference and an-2nereased |ink capacity are

enabl ed. (A second enbodi nent) while an exenpl ary aspect of applying 20 on
a fixed basis SF=2 as the spreading factor and CRF=4 as the nunber of
repetitions is §he uEi¥et egmbpdingnd ,f | refemringdi teNFIGL N4 aanwd I BL@SSS .

transm ssion system accgrdi to_th resent enbodi nenf, a nobile_station
conprises a function of v?ﬁi gtgllf gon%}gef[qaisﬂ'}ﬁ SPrEEGT N P25 2P actvsiTadt

spreadi ng code camdigheatimbepnfoftrehi pirelepal i t+aMnisAivhN &lyassmt raANgHySSi on
system 2 accordi ng xf\]Pi uthg_.secor}d enbodi nent has the sane basic
configuration “as“The W¥P&HEEs T afsMSEilen Hhatiem 12Gsaaerrdingl ta 30 the

first embods menhe TRESRIAT CembutiReakS Ofnd heom&e%o'w“ (:W'i{:ﬁ‘ he same

tail-ends) are ﬁssigned to the nobile station and its €l ements §6 as to
omit the descPtfPFBR WRecdfdet &9 i Fee bobbile hetditiorr @icesvdriainly?2l t he
FIG 4 .s a schematic:

Ij: 213? aﬁ]nggdggegeg;cgﬁggyr???gg r%hgﬁggf%ggbm%%ISggg tPAFEALREI 59%y st em 2
and a confi gurafi ohef nambebi b€ stiel one@dracionsdiigdd ont haepr esent
STaeton s, JacrSRRSTRLART AU, Bul HETER SR Lt ot R bt
and the nubber 28f Atigrnadpetptdranssbastd soncéterolling information
includes the spreading factor and the number of chip
repetitions to be applied to the mobile station 20.
Below, referring to a sequence diagram in
FIG. 5, an operation of the wireless transmission
15 system 2 1is described.
In S21, the spreading factor and the number
of chip repetitions to be used by the mobile station
20 is reported from the base station 100 +o the
mobile station 20. Sueh reporting may be by
20  controlling information sent as broadcast information
te an indefinite number of mobile stations, or may be
by controlling information sent to a specific mobile
station 20.
In 822, 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

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



controlling information sent fromthe base station as 10 an external
apparatus. This controlling information includes the spreading factor and
t he nunber of chip repetitions to be applied to the nobile station 20.
Below, referring to a sequence diagramin FIG 5, an operation of the

w reless transmssion 15 system 2 is described. In 521, the spreading
factor and the nunber of chip repetitiongzto he used by the nobile station
20 is reported fromthe base station 100 to the nobile station 20. Such
reporting may he by 20 controlli7ig information sent as broadcast

information tolGh iAdefdmokdbeatedrbaccoidimpi ke %@i%aﬁhgg@’a‘é{%&gy t
. n , a

control ling inf jon sept to a specific nobile station
the nobile statilﬂ-(()c{rlm%la(,a é‘“ﬁ%efraﬂfsmﬂf"t? ngeBrHhEIcTSs peprtadedftmsedhen t he

spreadi ng factlmseandtabivhunber iof €44 pg-gpetitions reported in S21. The
generating of the transmitting signal is perfornmed according to the sane

procedure as the generaffndascrihedt rdoyei t tisipgsigral wineldws first 30
embodi ment 63l ltAadi=0ug8i G 3 s rhh | Ust in FlG The generated signal
s térLZg t% cfe%ddlﬁlgset%tgt%%o

is sent fromthe nobile station e PTEG6RYi a a wirel ess
channel (S23) =mbpHément he thiegmaibilec es teatd ofy 010 t henbaseest ati on -22 100 is
denodul at ed acgqigi he.spreading factor. and the nunber of chip

repetitions report Iggg#gnrétﬁégg%gsgaégat i%h ¥ FRrepdingsofsctoss @éscri bed

above, using t e seteestingd ¢oRNSAUSSHHAN SYALEM 2£aGEY di%EttQt&PS present
enbodi ment, the nopile station 20 generates a transmifing-signa Based on
the spreading FHct oy Gf woras, the” base station 100 enables an
10  appropriate changing of the spreading factor and the
number of chip repetitions to be used in the signal
generating at the mobile station 20. Therefore, a
generating of a transmitting signal using the wireless
Parameters sultable for the respective cell
15 environments without providing at the mobile station 20
individual wireless interfaces for the respective cell
environments is enabled.
Furthermore, this transmitting signal
comprises the frequency spectrum orthogonal on
20 the frequency axis to the frequency spectrum of the
transmitting signal from the other mobile station 200.
Therefore, a reduction of interference in a
transmitting signal in an uplink where multiple mobile
stations 20 and 200 simultaneously connect %o the base
25 station 100 so as to increase the link capacity in
an isclated cell environment is enabled.
(A third embodiment)
While an exemplary aspect which variably
controls +the spreading factor and the number of chip
30 repetitions based on the spreading factor and the
number of chip repetitions reported from the base
station is shown in the second embodiment, the mobile

station comprises a function of variably controlling



t he spreadi ng code and the nunber of chip repetitions- In other words, the
base station 100 enabl es an 10 appropriate changi ng of the spreading factor
and the nunber of chip repetitions to be used in the signal generating at
the nmobile station 20. Therefore, a generating of a transmtting signal
using the wireless paraneters suitable for the respective cell 15
environments w thout providing at the nobpte station 20 individual
wireless interfaces for the respective cell environnments is enabl ed.
Furthernore, this transmtting signal conprises the frequency spectrum

ort hogonal on 2he hepfeatjuenCcyadpdss gt Reef rrg%%rlxcyoﬁpg%éum of the
transmtting signal .fromthe other nobile station 200. refore, a

reduction of intErfereftd PASEY Granthe t CPAG sinydabninentin repbinéd wWiess

mul tiple nobil echestBdsdNgt20; &Nd:13001d Nyl & us onnect _to the base 25
station 100 so as t(F)iéi ncrease the |ink capa%i%tes% i#\yargsrrlulss?&f’?\t F &

envi ronnent i s 3T86ReBI (tR t¥he dreadentt nembydiMerdte an exenpl ary aspect
which variaply controlsathg di factor and the nunber of chip 30
repetitions based on the spr é%glé%g f%‘%{%?‘l%%’o‘”i h@y‘ﬁgﬁ%eg ACEFAIng to
repetitions repfdet ethinrdbnenbedirene lsdat ithe isamehayiid Eg@fﬁﬁ_ﬁg@gm}
enbodi nent, thgsm)prilé e ;Station corg?pr_i ses a function of variably

control l'ing -237t he SpredttTy f AEROT gt ornéY ftemel dietaiiled rigpethéi ons

based on the cekkordvianbodenént epehéedrdFOM nihe-Hase, st ghi.on N the
W rel ess transrg’oision sfem, according to the present enbodinent. 5 A
wirel ess transmssion §‘§§ ent® 28R ditAglrerdeheardi mgségbedi mentthms t he

sane basiclConfibpil&t is¥@tion and its elements so as to omit the
description as well as detailing below the differences
from the second embodiment, referring to FIG. 6 through
FIG. 8.
FIG. 6 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 specific to the mobile
station 30, variably controls the spreading factor of

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

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

30  that only the spreading factor is set. Hereby, the
cne-cell frequency reuse is achieved so 28 %0 increase
the link capacity.

On the other hand, in a case where the cell



as the wireless transm ssion system2 detailed in the second enbodi nent-
Therefore, nunerals of the sane colum (with the sane tail-ends) are
assigned to the 10 nobile station and its elenents so as to omt the
description as well as detailing below the differences fromthe second
enbodi ment, referring to FIG 6 through FIG 8. FIG 6 is a diagramof an
overall 15 configuration of the wirel ess-34ansmi ssion system 3 according
to the present enmbodi nent and a configuration of a nobile station 30. The
controller 38, which is an elenment specific to the nobile station 30,
vari ably contr GPYITARBMERT e xRl fidiet onokslep0statelagpr 2ddifaglsode thnd t he
nunber of chi p ;iepgti tii a o] : ol lLing inforpmation_indicating
the cell envi rlgnniltfllt t:Lterg%E?th '?%glf ;Eonglgﬁgﬂg}éé’e S Stic@ﬁtfﬁgfeﬁsgﬁn ext er nal
apparatus. Mor @esfecin$i caintypliiey ebith olinete3Seperher Mumeeorss Okhing

operation which s the _nunber of chip repetitions by the chip-
repetition uni tr_e%%}‘rff%onsl.. “hate 51§§§e?ﬁ3a?§t feecahreaging r JAFERT- whi ch t he

mobi | e st at§onpz2@@etablys, WithBi mumoera drul Ehi§e|r|ep@{3¥{:[c9{ym$§- deR afder
words, it is sg} such that the chip repetition is not pertforned so 30 that
only the spread®ng®Téftht of°i & seF. Magrebyton hexammie ceRF fecarney reuse is

achi eved so as sbo dfiCkBaSRcrd28e! 1¥He Cﬁg&gi U)q.e Cpft Qﬁeot%%re B?FQ in a case
| a

where the cell -24 environnment which the no e station within is
an isol ated cefRCEAT| rBHNenfor t Fheconmbsi] eof 38hiperdepers tiams r oHkrelgy Wi ch

factor. 5 Profacabry, Tho nosaerCof shenlrbul | o7 RGN, Bosgraply "Rt

10 the first and the second embodiments, the frequency
spectrum of the mobile station 30, and that of the
mobile station 300 where the mobile stations
simultaneously connect to the base station 100, are
orthogonal to each other so as to reduce interference

15 ©between the transmitting signals from the respective
mobile stations. Such controlling is more effective in
an lsolated 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 531, the cell environment which the
mobile station 30 falls within (one of a multi-cell
environment and an isolated cell environment) is

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

30 station 20.

In 532, a transmitting signal is generated
at the mobile station 30 based on the spreading

factor and the number of chip repetitions which



be equal to 1 or nore, for exanple CRF of around 4, so as to decrease the
magni t ude of the spreading factor only for the nunber of chip repetitions.
Hereby, as in the wireless transm ssion systemaccording to 10 the first
and the second enbodi nents, the frequency spectrumof the nobile station
30, and that of the nobile station 300 where the nobile stations

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

i sol ated cel |l eovrespomdt ton wMy CBelhe ehodpsindit | Fepd@aSPEEt K3h Usage
efficiency due %}o mul tiple access interference is especially [sarge. 20
Bel ow, an oper atForf FIeTEfhdndi (%] eBRe franshikiinen signadm 85 pekéormed) t o

FIG 7, is degseebb@ihg! Ro53he t hg L€ LLongeN ich the. nobile
station 30 falls wthin one of a.rruft Hrggﬁfﬁlregn%rgtr?\r%hen?enaeﬁ %&Hgi s°o"JI at ed
cel | environnedb} iTFapsmishsng egignal hecoobiing stat ite 36if¢om t he base

station 1005 S SR | y troll,i information sent to an
i ndefinite nurrbgfehgogf m)ttbi Fglf‘sa%halt&l% Es %b%rogﬁc é‘?gﬁﬁ??ﬁ‘ﬁét Bn)YEI%r 2fray be by
control ling i nfbenmeneratedt signalspaci tiengmihited WBQ shatijeeidls N S32, a

transmtting si HQ%L_ ]@dsF%ener ted .at, the nobile station 30 based on the
spreading factor an 8™ fiSer™efiiehi ptatesdt i 89 ote vEhehbass correspond

to the cell enstzoiwrentooep@ized ithed3l. thd NeigRIET 2LERT B H6e
transmtting signal. is perforned according to the sane procedsure as the

generating of SERB'YM anlfi tS ndereodHaitedc desdidngnt thehespresting
10 factor and the number of chip repetitions which

correspond to the cell environment reported from the
base station 100 in 831 (534).
Below, 2 flow of major processes executed at
the mobile station 30 is described, referring to FIG.
15 8. The wireless parametexs set up at the spreading-
code multiplier 33, the chip-repetition unit 34 and
the phase multiplier 35, based on the contreolling
information input at the contreller 38, are
appropriately changed.
20 In othex words, in a case where the
controlling information reports a multi-cell environment,
P11 and P21 in FIG. B 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 39-1 is multiplied by the
scrambling-code multiplier 39 {not illustrated in FIG.
6} . Subsequently, the cutputting is performed without
30 performing chip repetition at the chip-repetition unit
34 (CRF=1).
On the other hand, in a case where the

controlling information indicates an isolated cell



5 enbodi nent (S11 through S13 as illustrated in FIG 2). The generated
signal is transmtted via a wireless channel . fromthe nobile station 30
to the base station 100 (S33) . Then, the signal fromthe base station
100 i s denodul at ed based on the spreading 10 factor and the nunber of chip
repetitions which correspond to the cell environnment reported fromthe
base station 100 in S31 (S34). Below, a f4@w of major processes executed at
the nobile station 30 is described, referring to FIG 15 8- The wirel ess
paranmeters set up at the spreading 20 code nmultiplier 33, the

chi p-repetitioenvibrddnndpihendhgye THitdndd ein 3FIghaged 0@ t he
controlling information input at the controller 38, are appropriately
changed I n ot héPP#éFes 25 nthe cxi&ehpes e PEREMEESRT + oRFi g TRARSE matthién

reports a nul tigcehhifQVidaR eratbadngk Pelei gplglegai,?%_goﬁeappl ied as the
W rel ess paraneters. a result, the spreading code cel lul ar)

gener ated at tlgenspetadi 3§-dodey gther sporead@3n@scddd smultiplhlered3dy (ERe

spr eadi ng- code | tiplier. 33 nd .t.hen th ra i ng_cod enerated at the
scranmbl i ng %odé‘r'%eﬁégﬁ 095391‘!“1&%31&13& ieﬁ}cfeﬁﬁﬁ} tHE Wﬁ%ﬁ??ﬂg-‘:@gae

nul tiplier 39 geoeratédstatat etk i Bekhfbl irf)-coBebspsitaatby, 3che owg putting is
performed w t hout erformng chip repetition at the chip-repetition unit

B4 (ORRol) - OTRAIPhERLy ARG, 1When Codo FREPEILID TBRAR OFRFMy 1 ot
information i ndheatesipMrapeeiatied eahk -6 eQvigraenta RBb2 a0d+B22
thatched in FIG B) are applied as the wirel ess paranmeters. As a result,
t he generate a signal having a predetermined chip pattern
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 embodiment,
the mobile station 30 uses the wireless parameters +tfo

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

20 within is enabled.

(A fourth embodiment)

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

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

30 according to the number of mobile stations
simaltaneously connected to a base station. The
wireless transmission system 4 according to the fourth

embodiment comprises the same basic configuration



spreadi ng code generated at the spreadi ng-code generator 33-1 by the
spreadi ng-code nultiplier 33 (SF 5 hot spot) is nmultiplied and then the
scranbling code generated at the scranbling-code generator 39-i is

mul tiplied. Then, the chip repetition where CRF > 1 at the chip-repetition
unit 34 is perfornmed so as to generate a signal having a predeterm ned
chip pattern 10 and to nultiply an user-sPetific phase- Hereby, the chip
pattern is kept constant. As described above, using the wrel ess

transm ssion system 3 according to the third enbodi nent, the nobile
station 30 use$st hEhe Wérebespataapsmissicn $3stvems aBl yamsbndr cletatided

spreadi ng fact 0. h adi.ng .-G %e d t.he_npunb of _.chip repetitions
based on the ggell I{}éérlv?Fgﬁér%nt%bgHe B %ﬁ)ﬁf&%&ged%{ FART®EPacity using a

singl e wirel espumatet$acd regar dkess cefiufhe (wdehl Ry seneerb i Vhékds )t he
mobile station _30 falls 20 wthip is enabled. (A fourth, enbodinent) Wile
in the third ef56di MEHINER eXenplar yePidFecttatiPRh apgt | bt y edBRER®I s t he

spreadi ng facteo ods the Gicadhdd qeade: d hgnmerbae+9{1 Y PrefRetitions
25 based on the_cell, environnent which the nobile station falls withinis

descri bed, the ™HBbi FEFiGrsrren ifFoR e eFesend r apdnitdsi othixdst em 4

according to thkepBaesents, epbedi Bl £OMRTESE %nﬁunﬁ]d ofpof variably
of

controlling the spreading factor and the nunber chiprépetitions 30
according to the nunber BIGnoBi i statdiggsamsiaful emneveshylconnected to a

D o orbEF S FALERE LSOO SN S A haRageL sl ke e Lot
transm ssi bh sybeensorXigmada8icet aifl el mobile station 40 in a case

of wireless connections from the three mobile stations

40, 200, and 210 to the base station 100. The

controller 48, which is an element specific to the

mobile station 40, variably controls the spreading

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

20 More specifically, the controller 48 performs
the controlling to decrease the spreading factor of
the spreading code with an increase in the number of
mobile stations connected to the base station 100 as
well as to increase the number of chip repetitions.

25 Intexference among the transmitting signals from the
respective mobile stations increases as the number of
mobile stations simultaneously connected increases. Thus,
the arrangement ' such that the transmitting signals from
the respective mobile stations 40, 200, and 210

30 Dbeing connected to the base station 100 are orthogonal
on the frequency axis to one another with an
increased number of chip repetitions enables a

reduction of multiple-access interference so as to



in the second and third enbodi nents. Therefore, nunerals of the sane
colum (with the sane tail-ends) are assigned to the nobile station and
its elenents 5 so as to omt the description while detailing below the
differences fromthe second and the third enbodinents, referring to FIG 9
and FIG 10. FIG 9 is a diagramof an overall configuration of the

W reless transm ssion system4 and 10 t1d confi guration of a nobile
station 40 in a case of wireless connections fromthe three nobile stations
40, 200, and 210 to the base station 100. The , controller 48, which is an
el enent speci f FﬁcfﬁaT%ethﬁDb?He&tﬁ‘it iBYEFO, © BHCY 1 r 5P dABKspreadi ng

15 factor of thgpapieadingacodavand the HEPEIsOfinChite NepRt iddaRstpased
on the controlli ng information indicating the nunber of sinultaneous

connections tPFBASHI (SPBTEESERY hdNhRsECEInAY oAMAMD Sbearraspesties
apparatus. 20,M3f €e SRRCKEEGE! 1% éﬁqﬂfceqptroller 48 perfornms the

controlling to decrease the spreading factor of the spreading code with an
i ncrease i "fthe nunber oBelambi d® spetrkbdhsn cofnetteedwineldmws base station
100 as well as_to_increase_the nug})e.r of chin repetitiqns. .25 interference
anong the tranSAPEPTHE SYnBYE Tt orh tHe SPRSHERY VRY ndBEPETLR%t i ons

I ncreases as thke meadennoQf nobile stations sinultaneously connected

i ncreases. Thus, the arrangenent, such that the transmtting signals from
the respective nobile st3®i§As-adheouurker 930 SITUBERrRBPETect ed to the

base station 1@@nAeerpid haepibdé soBtibes§ HBAUENGY &Xé S nlaplpe gdnother with
an increased nunber of chip repetitions enables a reduction of

mul ti pl e- at&es¥oPat&r fEPEALRS sGuEFepbly pgonnected to the mobile
station 40 is 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 tramnsmitting signal is generated
at the mobile station 40 based on the spreading
factor and the number of chip repetitions which

20 coxrespond 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 (511 through S$13 as

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

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

As described above, according to the wireless



I ncrease the spectral usage efficiency and the link capacity. As a result,
an increase in the link capacity while suppressing interference anong the
respective nobile stations is enabled. 5 Below, an operation of the
wireless transm ssion system4 is described by referring to FIG 10. In
541, the nunber of sinultaneously- connecting nobile stations that is the
nunber of 10 nobile stations currently-@3nected to the nobile station 40
is reported fromthe base station 100 to the nobile station 40. Such
reporting may be by controlling information sent fromthe base station 100
as broadcast i nfansmissiont osystamdéf iavicoedhugrbér ofhel5faubih e stations, or

may be by contro]ling information..sent to a ecifi.c i i 40. In
542, a transni F#ﬂ@“@?%al &'% ﬁ’gﬁé}ﬁt es(}atcé?nt n%%#%@@a%ﬁ%ojé g%hseed on
the spreading sEQ@&@In@nQaEh@r NgFbefheof sfféa:uirr@pe&cbdé Qg Whe hndfber

correspond to the nunber of sinultaneously-connected nobile stations
reported in S4®f THERjereRpekitignss Bared t Pmndhet thUEeS ghil ™PRIYRr f or med

according tgp t : t e QeReEat i t r a}s¥ibhi ng
si gnal accfgr dlg%Etﬁgﬁsf hg ??’g%‘“é;"n‘%%é’l hnignt (5%? t%oglfé% I%%Eas 25l

illustrated i nwhieh Zhe Thebijenestteibrsi §halisi sconnemisdi tted Veeelywirel ess
channel from ! UgeMpliGe SIALQN 40! 95! N pARE ShR!LRB IR S Then,
Fom T he i S

the signal recerve ase station denodul ated I'n S41 based
on the spreadi rgpbattyr bgndusSihgt he mimbée ofirchepsr epaerfeoms which

o 0 hgepALERE ! af! Helnst S JeEEBF AR SO
the wirel ess Next, a configuration of the base station

100 according to the second, the third, and the

fourth embodiments is described, referring to FIG. 11.

The base station 100 receives a signal transmitted

from the mobile stations 20, 30, and 40. As

15 illustrated in FIG. 11, the base station 100 comprises
a carrier-frequency multiplier 101, a bandwidth limiter
102, & phase multiplier 103, a chip-repetition combiner
104, a despreading unit 105, a data demodulator 106,
and a channel decoder 107.

20 The base satation 100 reconstructs a binary
data sequence from the received signal according to an
opposite process of generating the transmitting signal
at the mobile station. In other words, the carrier-
frequency multiplier 101 multiplies a carrier frequency

25 to the received signal so as to convert the received
signal into a digital baseband signal. The bandwidth
limiter 102 provides a bandwidth 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



-29 transm ssion system4 according to the fourth enbodinent, the nobile
station 40 variably controls the spreading factor of the spreadi ng code
and the nunber of chip repetitions based on the nunber of nobile 5
stations simultaneously connected to the base station which the nobile
station 40 is connected to. Hereby, 10 the nobile station 40 is enabled an
i ncreased link capacity by using a singl3@-wireless interface regardless
-of the resident cell environment. Next, a configuration of the base station
100 according tQ the second, the third, and the fourth enbodinents is
descri bed, refzurbery tof RGP 1tepetfiidopsse wWiiath obs 1aher epmiovesds a thegnal
transmtted fromthe bi.l.e stations 20, 30 40. 1551l .ated in
F G 11, the bASEPET aflont™oh EoRBTI S 20 Peat 7 PReqhatiyRiEFpl i er
101, a bandw dinbbii#ni tseatidf?, ta phaebinbt i fdorer ti3 signehi @srepetition

conmbi ner 104, .a despreadjng unit 105, a data denodul ator 106 d a
channel decodefieiﬁl?fﬁqeﬁeaba‘g% &t a‘f}?lé’ﬁ'rfﬁﬁag%@oﬁé‘fgpﬁgts Ag b‘l"‘ndﬁ?ﬁgat &
sequence from tpeei@ned VeHisi gralieAEEOREI NgericraaRd. OPRAS| BesPrEng Of

generating the transmtting signal at the nobile station. In other words,
the carrier fr8giEndPmPelpinidesi0®e nishei pNigs SLENCeerthe e§RERIINDS to

the received si I : t o] t i Lgnal j4g o | &3 t.al
baseband si gnaF.gagheh%g’alﬁ%Wi "g}teﬁ Q}fﬁﬁ% ts g?@i%f;ﬁ%r\g\%gggfs %gba%ﬂ(;gwi ggﬁg%i&m i ng
to the digitafabasebaegostghalte Ttee phasesmititing i eebilE8 stabiwr esot he

phase of the signal myltipliedyat (Ne e signal to the modulated

10 data before 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 to the mobile station is reconstructed.

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

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

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

25 determine the number of chip repetitions and the
spreading factor to be used in the xeconstruction
process of tine received signal at the controller 108.
Furthermore, as illustrated in FIG. 13, the
base station 100 may determine, based on both the
30 controlling information transmitted to one of the
mobile stations from the base station 13 and the
controlling information transmitted from the mobile

station, the number of chip repetitions and the



30 transmtting nobile station to the original phase. As a result, a
signal having a predeterm ned chip pattern is generated. The chip
repetition conbiner 104 uses the -30 nunber of chip repetitions, which is
the sane as the nunber of chip repetitions reported to the transmtting
nobil e station, to reconbine fromthe signal as described above a
chip-repeated signal. As a result, a 5 spieading chip sequence is
generated. The despreading wunit 105 nultiplies to the chip sequence the
spreading code having the same spreading factor as the spreading factor

reported to thesprediEmg t FAGdODbLb e b3t afdD 38 &% tPeécﬁa%tt‘%g%ﬂS'ﬁ received
signal to the nodul ated 10 data before spreading. The data denodul ator 106
denodul at es t hePTRRASat @8 ddea w#rgivethesdrainel Hembyodethd OBadecodes an

error-correcti S s :to el -decode_dat a_after denpdul.ation. As
a result of tﬁ%ﬁ%ﬁne?ogeé%di%Ig&g%c%ce%s,m?rdligtb’?%apg Ca 5% ngs5

i nput to the nobiferstabhontimmsmeceast ect e TBBiTONkekies W38h hRaged on
the control Ling__ nfﬁr]mation ransmitted to the nobile stations 20, 30,

and 40, varPabl§PH P8 tHESPREIOR nFerdved SFoPhethes p@akishg code to be

used at the despraadnngsenithat0% 2Qigprk t ReaN WHRRLYOf cGIHiRmb8RER T Lisons to
be used at the chi g-repetition conbi ner 104. Moreover, the base station
100 as il ustrated*BERNEF Gther vagdebdeorcaHeoddangolofi nghe nEpreaedinen sent

fromone of thesdymbid e akati@Nsndfhe30prand;40, LAY ; et.er m,pne:t he
nunber of chip repetitions and the espr‘?eadi n&é’f actor lttgggg ulgscragbieﬁfc%ﬂ"gd'
reconstruction ITpr §868s &5 efpetlacedvadprsi gactumtet heigradt rotdresmit@dng

Furt her nor g asa!{dl!éé&é%ﬁggiQsFle%ﬂb}%d,tha%suming that the receiving
of the signal from the mobile station is performed in
a case that a variable controlling is appropriately
performed.

(A fifth embodiment)

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

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

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

25 such data rate are .described.

First, the embodiment in which the data rate
desired by the respective mobile stations is doubled
is described using FIG. 14, FIG. 152 and FIG. 1S5B.

FIG. 14 is a schematic diagram of a

30 configuration of a mobile station according to the
present embodiment. Needless to say, as the

configuration is n parallel, the data rate would be

multiplied by n.



base station 100 nmay determ ne, based on both the 30 controlling
information transmtted to one of the nobile stations fromthe base
station 13 and the controlling information transmtted fromthe nobile
station, the nunber of chip repetitions and the -31 spreading factor to be
used in the reconstruction process of the received signal. Hereby, the
base station 100 is enabled a collating-82-the controlling information
transmitted to the nobile station with the 5 controlling information
received fromthe nobile station so that a sinple and speedy confirmation
as to whether the varialine ETt r bt | i ntpeofmdbid espsesidiony cémmiizesand t he

nunmber of chip repetitions is perforned. | uch an aspect, a nore
accurate signalS% Jaﬁ%s'r‘flot'P‘Fﬁ@ul%' P Y&V 2%151 s SBR&FFHE 888uni ng that the

receiving of thensigRak fiem the-d@M | e-sf abbonii snpebher m@d-Ln a case
that a variable controlli ngz | S appropri at el performed. (Afifth

enbodi ment) 15 Myehddiear] 203rAi |1é1qu9thhe293/-r%t seratginghecddurt h

embodi ment s 5t Negdhidkdodse AciCend S MbéLd 19284 0NalnbbRL { BB4IRD! | ©

station is assunmed. to be constant, It is also possible change’the conb
t oot h- shaped setRipmepegohadn t onohe 296t-Rerthmpudd atfomdarmebidiet h dat a

rates desired b e _respective . nmobile stations. . Bel.ow, as an exanple, are
enbodi ment s forggg&coe{lsg%g l%%fub??‘%ﬁetﬁeeqag?%erg?elde@rroggﬁbf_ e
respective nobidenatadorans2dd f tircighaseo®in hahndng 28omsiclerdatey rate are
described. First, the enbodinent, in which the data rate desired by the

respecti ve nobile station9s SYodgrég-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 C-
n) generated at the spreading-code generators 202-1

15 through 202-n and then with the scrambling codes (SC-1
through SC-n) generated at the scrambling code
generators 204-1 through 204-n. Thereafter, the chip
repetition is performed at the chip-repetition units
205-1 through 205-n. Herein, the spreading codes and

20 the scrambling codes multiplied to the respective
sequenices may be common codes or different codes.

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

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

30 sequence every n Ssequences is needed.

Such chip-repeated sequence combined st the
combilner 207 comprises & frequency spectrum on the
frequency axis as illustrated in FIG. 15A and FIG. 15B.



I's described using FIG 14Y FIG 15A and FIG 15B. FIG 14 is a schematic
di agram of a 30 configuration of a nobile station according to the present
enbodi ment. Needl ess to say, as the configuration is n parallel, the data
rate would be multiplied by n. -32 In FIG 14, the nobile station
conprises a serial-to-parallel converter 201, spreadi ng-code generators
(CG1 through Gn) 202-1 through 202-n, +#33tipliers 203-1 through 203-6,
scranbl i ng-code 5 generators (SC-1 through SC-n) 204-1 through 204-n,
chip-repetition units 205-1 through 205-n, nobile station-specific phase
sequence (P-1 through P-RAYG. gefer andr FIZ06-15R reugiclzdétic aticgxamenbi ner
207. The seri al:¢ ozpar, n 1 Lal - to-parallel .converts
an i nput synbologseaﬂer%ee}'@gagg ;fglé&ﬁérﬁ rtsﬁ%kﬁ'h"éeégenace Fa%&%&ﬁective
paral | el synbolsignegqueirteshbelt pahef rdanserate - idespesdl bel fanvashEre 201
are multiplied with the spreadjng codes (C1 through G n) generated at the
spr eadi ng- code J&TéPAt or's 56';?]%‘%‘5 t hrough 202-n and then with the

scranbling sodes (SC-1 gbrauahs®eateqoanersiged 8ép t henscd aEQ_ls'éng,_fcode
generators 204-1 through 204-n. Thereafter, the chip repetitionis

performed at tKOUHARIr dfé i dath Gakes dexdsed thyr oth PObihe ledesion t he
spreadi ng codes;nded ae,SGrAwhl 4Ny cades; gl LhPlied Lo ddig respective
sequences may be common coaes or d¢fferen? c%%es. '#he r%spec I ve parall el
symbol sequencesbadipent chither dpsichiidoncente- tphabed msipeicprued seitt fat he phase
seauences (P-14iougl Br) ARdRkel el g IONLe, £y oLl fkispect o
out puttinglét assigned to one mobile station so as to transmit
different data symbols for the respective sets. Hereby,
a transmitting of a transmitting signal from 2 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 using FIG. 16, FIG. 17A, and
FIG. 17B.
The mobile station according to the present
20 . embodiment has basically the same configuration as the
configuration of the mobile station as illustrated in
FIG. 14. Therefore, numerals of the same column (with
the same tail-ends) are assigned to its elements so
as to omit the description in addition to describing
25 below the differences from the embodiment as described
above, referring to FIG. 16, FIG. 173, and FIG. 17B.

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

30 sequence is 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



t he conbi ner 207. Herein, the phase sequence used in the phase nultiplying
Is shifted to another conb-tooth set so that a nultiplying of a different
phase 30 sequence every n sequences i s needed Such chip-repeated sequence
conbi ned at the conbiner 207 conprises a frequency spectrumon the
frequency axis as illustrated in FIG 15A and FIG 158. -33 FIG 15A and
FIG 15B are schematic diagrans of an ex@wlary frequency spectrum of a
transmtting signal in which the data rate desired by the nobile station
is doubled 5 As illustrated in FIG 15B, in a case of doubling the data

rate desired bylulécaobi lthest bigun s{rtio) heegadricd ate B) eeqmrte’g to the
present enbodi nent, the hatched conb-toothed spectrumset as well as the

shaded conb- t o ¥SFEGEEREC{TEM SHE aPECAIS HsEF grid® tBPRIHE nBER TNt a%i on so

as to transmt jidiskkesess dat apgynbegs jfor gﬂegrggapective sets- Hereby, a
transmtting of a transmtting signal fron?a nobile station at the data

rate doubl e the data ratBI®A ak/A | aoidl c&iled iTB FeGelS5khHemashabldddgriss Next ,

an exanple of g age | heh erpda desi g at he respective

nobi | e stat ?ons isﬁhae%\?}g@i%s oggs%réljbtggeﬁgérﬁc} F?%é&g : F?Ié 7A, and FIG

17B. The nobi | ersnanibhimxrceighal withhether edetd r20e- desthoddnioyt tias

basically the S confiqurati on as the configuration of the nobile station
mobil a%

as illustrated i n ~Fl (;s-t fr.onTh%%evfe e, nunerals of the sane colum (wth

the same tail-ends) are assiignedtr8téd Siel Nt Sim, ag tp epsé e
description in _addition to describing 25 below the differences fromthe
embodi ment as d'@g.&lpged:he data rate desired by the mobile station

10 according to the present embodiment, the hatched comb-
toothed spectrum set as well as the shaded comb-
toocthed 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
frequency-diversity effect.

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

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

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

mobile station as illustrated in FIG. 18 multiplies at



above, referring to FIG 16, FIG 17A, and FIG 17B. The difference

between the nobile station as illustrated in FIG 16 and the nobile station
as illustrated in FIG 14 is that the input synbol 30 sequence is not
serial-to-parallel converted, but rather parallel-copied. In other words,
according to the present enbodinent, the duplicator 211 is used in |lieu

of the serial-to-parallel converter 201 <s®-as to -34 duplicate the input
symbol sequence to n sequences. Hereafter the sane process as the mobile
station as illustrated in FIG 16 is performed. FIG 17A and FIG 17B are
schemati ¢ di agiifis ™5 6P1AAT exédi¥pie BT t REr$2tiREncyde pEEregmyeheaated

transmtting shgnalyam &EI&E é(_dLQ dake dgsi rggr?glﬁ%_\ﬂa%gﬁ?#%g station

hal ved. As illustrated I'n a case o0 data rate
desired by thecprpbefsion altoort:hemsxmm dseguéerrd heopraasend eebodiredt, the

hat ched conb t p r S as_well .as the shaded conb- toothed
spect rum set a gigﬁfo%a?é v%lg% o%@enﬁtﬁ’ﬁe@d 18fa15 30 A SEWPRRLHI hEhe

same data synbehmeatproceesr espeghi V@é%@bll'ée@’@é(tlﬁatE@n%ri‘l%t%'t&f a 15
transmtting signal_of the nobile station at a halved data rate relative

to the data ratB AXs itFl uktrREEEOIMEA.FIG 17A is enabled. A transmitting
havi ng such redundancy ﬁla%géfzﬁgﬁa%g‘r’éﬁ %cbgg{rﬁ%e%ntm uem&?liae
ur

frequency-diversity effect ernore, as ano exanpl e 0
confi guration sFaiiembizkcecsding orowntiteh hafiles emhedinkatty, rat ehdeger esf by

the nobile sta n at nf i urat S|Ilustrated|n
FIG 18 may aft}slg bct(arttglgé %? C%?ﬁe Qot? Shg{jg% oﬁ’ 4122

mobile station according to the data rate desired by

the respective mobile stations and a flexible

assignment of the data rate in accordance with a

change 1in the communications environment of the mobile

station while obtaining the MAI reduction effect is
15 enabled,

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

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

25  neighboring mobile stations enables a reduction of
inter-channel 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 jillustrated in
FIG. 19, a wireless transmission processing program 310

is stored at a program storage area 300a comprised in



25 illustrated in FIG_ 18 is conprised by conbining the frequency-domain
spreading with the tinme-domain spreading (two-dinensional spreading). The
configuration of the nobile station according to the present enbodi nent
is basically the sane as the configuration 30 of the nobile station as
illustrated in FIG 16. -Therefore, herein, the difference fromthe nobile
station as illustrated in FIG 16 is descibbed. The nobile station as
illustrated in FIG 18 nultiplies at -35 the nmultiplier 203-7 the spreading
code Cfreq generated at the Cfireq 212 before the serial-to-parallel
conversi on to ther8ypEdingehediive 800 as At owberliesls- t branmmiakieh convert the

spreadi ng signal.. u I h sa rocess as.in_the. nohjle station
as illustrat ed%rioﬁég%f&l%r}%g}é%%er?&?m&c _mpé.saéscar i Bay" aB‘Sgg,leagé&rdi ng to
the nmobile statiieh asgmrdintgnds tthe fpfddesenbeti genératimghagage of the
ort hogonal comf tooth-shaped sets allocated to a, 10 nobi|le station

according to tHE2G5MAtFiRE §édrded By Chat@elsSpeeng vaodBEs | 13t atd ons and a

flexible assigammntmedulidigcdat@diabe 113 acgorgaaeg: Whidbg change in the
conmruni cations environpent of the nobile station whiTe obtaining the MA

reducti on ef f e@MltdPLYEn@naBEBYe NBAeover ChilT FepetidioneMogiyeclds of
doubl ing and h%’h\éisﬁgmﬁf*@i@i%gf %&%%Siﬁféj by t %d\ﬂp%l-f' t.ation according
r escribe I'p

to the fifth enbodi nent a d, “other nult yl'ng tac drs may al so
be 20 appl i cabmeduigr tHer.noa e caréerhi peqancgr muldngly ey pihagele séddence,

accor dance i t EEner  SORERT LA RESEBnArEP ot f *Ehe SHELRRM fve mabile

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

15 correction codes such as the Turbo and the convolution
codes to the input binary data segquence so as to
enable an execution of the channel-coding process at
the mobile station. The functions implemented by
executing the data modulation medule 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 mobile station as described above. In other
words, +the spreading-code multiplying module 314
multiplies the spreading code to modulated data so as

30 to enable an execution at the mobile station of the
process of generating a spreading chip sequence. The
functions implemented by executing the chip repetition

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



stations. An use of proximate frequency bands by 25 nei ghboring nobile
stations enables a reduction of inter-channel interference which inpacts
the surroundings- In addition, further enhancenent of the
frequency-diversity effect is enabled. Next, a programfor performng the
30 process of generating a transmtting signal froma binary data sequence
Is described. As illustrated in FIG 19732a-wireless transm ssion
processing program 310 is stored at a program storage area 300a conpri sed
in -36 a recording nmedium 300. A wireless transm ssion processing program
310 conprises aepEttiodulunildkl 14vhi e, supsri sh@ndg .t ey PHEEESS wBkds

generating a t sm.tting _sigpal, a ¢hannel-coding nodule 312, a 5 data
modul ati on nodul e 3%%}Ba%5’?§gg}%- 5‘8§’éf€' mitei s i@ 3yepetition
chi p-repetitiortarotibee spkeading Phase- REdiplcyi ”ﬂaz‘mgmp&eﬁéﬁenﬁned

bandwi dth-limtin nodul e 317, a carrier-f requenc§ mul t1 plyi ng nodul e 318,
and a controlli Todute 3eBehitians efendst sto 1@nzheef tiiet i motsilienpl ement ed

by executing thaatebanngd - eQdidge Medyl g)x%%%ggr ﬁ]%hsﬁ%%i%é ;%e functions

of the channel -encoders 11, 21, 31, an 3 ions 10, 20,
30, and 40. |nFR5eReremmieed chhp gameeh. codi ng nodul e 312 applies the

error 15 correction code u .the Turbo and the convolution codes to
the input binary data se%ﬂ%n?&%@lé@std‘r@ ﬁlﬁﬁﬁ’%e‘%\ngﬁxe?é’ﬁci“&ﬁn‘éf Hhige

channel - codi ng peseesslaiplting nadddle: sBaéi ete The fybedi @as ipwl enented by
executing the | nodul e 313 are_the sane 20 as the functions

; | ati o €. 1
of the data mﬁ}ﬁgf'gggglﬁfj 2%,‘8 3phasg uisipl hert hép . wids, 3% he addt 45
modul at i onl@odeife 134 3mebabé estatibhe JWbibscStiRld OfbyL eXegUliy of the

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

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

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

The functions implemented by executing

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

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

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

described above. In other words, the controlling module



process of nodul ati ng channel -coded data. The functions inplenented by
executing the 25 spreading-code nultiplying nodule 314 are the sane as the
functions of the spreading-code nultiplying at the nobile station as
descri bed above. In other words, the spreading-code nultiplying nodule 314
mul tiplies the spreading code to nodul ated data so as 30 to enable an
execution at the nobile station of the pP8ctess of generating a spreading
chi p sequence. The functions inplenmented by executing the chip repetition
nodul e 315 aredig§ sagg as the functions of the chip -37 repetition units
14, 24, 34, and 4. BEhetPRompbiler hetadiop rafpeekecwhingdof e thes
performs chip repsidds ogf tQrh pr | I p q for

predetermned number of repet ?ﬁ%nggggkgghﬁgﬂ eﬁgﬁl §SE%§d+ﬂﬁji ?gcgogt &€ on
to execute the ProcéBseadingeneede i mpda tipr edetisemi bed D Pdt@kRondhe

functions inplenented by Lng,.the _.phase-multiplying nodule 316 are
the same as the functior@?ég%y%ﬂe Ehgsé‘uﬁﬁﬁﬁﬁﬁl i@R3sALSsIon  procegrings 10

of the nobife Smgram a3lilesayi bed ebosgured ofher Mmends. 408 p@,?gf

mul tiplying nndghg 9%6 enables the_ nobile station an execution o he
process of multipl YT nd t RBEHIBY | 8f sttd@itorrRasEems | &5 phasesmittede viai p
pattern. The functiransmisgilenemEdndYseXecyti ' Ldth-limting
modul e are the sanE ag the functionssof the Egnééfééé?#%%ﬁgﬁ%rglfﬁ, %5, 36,
and 46 of the HobiPe R& afFofEVES de¥ceRrbetniamasion n aptherommunidat i she

bandui dth-| i m tecngpivedyl e s3b%, aabhes,ddige MBliigastatjon gn exgcution of
h Ti h -

t he proceSf%of 20 praqviding a bandw dt imting to'the p i plied

chip patte {including installation).

While the embodiment as described above is
for a case of applying only chip repetition at the
mobile station, hereafter +he embodiment for a case of
2 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 xepetition and transmission timing controcl. On the
other hand, the receiver of the base station comprises

25 the functions of a multi-path interference canceller, a
chip equalizer, and a frequency-domain equalizer. a
summary of the functions of the mobile station and

the Dbase station according to the sixth embodiment is
provided below.
30



The functions inplenented by executing the carrier-frequency nultiplying

modul e 318 are the sane as the functions of the carrier-frequency 25
multipliers 17, 27, 37, and 47 of the nobile station as described- above.
In other words, the carrier- frequency nultiplying nodule 318 enabl es the
nobile station an executing of the process of multiplying the carrier
frequency to the chip pattern for transnir88ton. 30 The functions

i npl enented by executing the controlling nodule 319 are the sane as the
functions of the controllers 28, 38, and 48 of the nobile station as
descri bed above. In other words, the controlling nodul e -38 319 enabl es.

the nobi |l e st ati op—ar—exeeuting—of—the—process of variably cantrqlling the
spreadi ng factor pf the spreadl ngmﬁ%ﬁg nunb @NT BRFERENT E epet|i ti ons.
Moreover, the wirgless transm $sdy Fﬁ%%g ﬁ 5 pr &Yrich T3RATHRY be
configured in a npnner en that M LE%TETIB on  HRAHFGATICKIIIFEAM i|S
transnitted via @pINF EEiEon Bl Blgthma a| COMNBNMIEEINDBIGNALNG so  as
to be received by} an infornatl)n atlans igrAEH such as a
mobi l e terminal, for recordingl10 (|Eclu§|nJ9|ns al | &1 BB e the
enbodi nrent as deskri bed above {s for a case of g T
repetition at the] nobile stat on hereafter the%gﬁgy%]* . qgﬁgﬁse of
a conbi ned use of| chip repetit i Py ﬂé&@ oll is
descri bed- (A sixth egpmdepent Qﬁﬂ EQWT QP pf @ 19587 sIfi ssi on
system accor di ng tmEaHmoﬁmI@*rj)o di TR ENSSIEesCr | bedy 'E",\gjeess
transm ssion systiem according [20TIMNGITEONTRAID efrbodiAReH ( BS dipPr evi ously
descri bed EQUALIZER, FREGUENGY-
DOMAIN EQUALIZER)
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enbodi nents, conprises a nobile station and a base station, the nobile
station having the functions of chip repetition and transm ssion timng
control. On the other hand, the receiver of the base station conprises 25
the functions of a nulti-path interference canceller, a chip equalizer,
and a frequency-domain equalizer. A summary of the functions of the nobile
station and the base station according t9%the sixth enbodi nent is .

provi ded bel ow. 3d -39 | NTERFERENCEI NT ERFERENC E TYPE OFSI GNAL FROM
OTHERBY MULTI - PATH PROPAGATI ON CF | NTERFERENCEMOBI LE STAT10N5 TRANSM TTI NG
SI GNAL (MULTI PLE ACCESS | NT ERFERENC E) (MULTI - PATH | NT ERFEREN, C E) REMOVAL
OF MULTI - PAT H | NT ERFERENC E COVBI NED UEE OFAT THE BASE STATI ON

APPLI EDCHI P REPEATI NG AND( MULTI - PATH TECHNCOLOGQ ESTRANSf SSI ONI NTERFERENCE
TIl NG CONTROLCANCELLER, CH P EQUALI ZER, FREQUENCY DOVAI N EQUAUZER) 5 10 15

20 -40 5

10

Next, a configuration of a mobile station
according to the sixth embodiment is described. FIG. 20

15 is a2 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
pPilot-channel generator 2zZ2, an adder 223, a spreading-
code multiplier 224, a scrambling-code multiplier 225,
a chip-repetition unit 226, and a transmitting-timing
controller 227, and as a receiver =a receiving-data

25 demodulator/decoder 228, and =a transmission-timing
control information detector 229.

Below an operation of the mobile station is
described.
(An operation of a transmitter)

30 The pilot channel gererated 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



10 Next, a configuration of a nobile station according to the sixth

enbodi nent is described. FIG 20 15 is a schematic diagramof a
configuration of a nobile station. A description of an operation of chip
repetition applied to the nobile station which has already been provided
Is omtted. In FIG 20, the nobile station conprises as 20 a transmtter a
transmtting-data generator 221, a pil ot4lchannel generator 222, an adder
223, a spreading- code nultiplier 224, a scranbling-code multiplier 225, a
chip-repetition unit 226, and a transmtting-timng controller 227, and as
a receiver a réabenvispraaiag2sodienodit i oyirdecetlerth228sprradiag-code

transm ssion-timn contrgl infornati .detector 229. Be|l ow an operation
of the nobile &%F?B%J‘?% ggécrarr’ﬁied#f%&'ﬁ’ F5PRBN ML TAPLYIRE nREL &ME 30 The

pil ot channel gerembl esy-adodehempidigheehannel aggn?&¥9h332 3Rdnt he
transmtting data generated at the transmtting data generator 221 are

added at the addéP ZRPefdtasnt dshePeifaursidexatl, thad chip-rhpatspraadi ng- code

nul ti plyi ngs at yhe sFEaghNgCogs Lpl i &5,.224 And, seranhling- code
mul tiplying at the scranbli ﬁg-codg%nh%%?%l ?@? 2 arg&?o{e}ﬂ%rahg . Then,
chip repetiti oATRIUPREY ospedtamm t Be chi preepeititingn Sigmelt. 26clso as to

generate the c M ¥eTe) 1k %Qgﬂﬁgi*%‘{irn quency. spect rt%@ngﬁiiﬁ%%an mé_} ting

signal. Such enerated transmiting stgnal is tran
transnitting titwengmtowin tidird thettsHmRI a5i whe tiramgiesnbsol unit
22T ame fANSELRTHYN dTLBY WRatOSP! AL FARENLIS) Sclhifg ransm Lt ng
ti mngs of g
10 control wunit 227 controls the transmitting timings of
the transmitting signals based on the reporting from
the transmission-timing control information detector 229
to be described below.
(An operation ¢f a receiver)
15 The signal received at the mobile station
(the received signal) is input to the received data
demodulator/decoder 228 so as to be output as decoded
sequence data after being data-demodulated and data-
decoded in a case of the received signal being a
20 data signal.on the other hand, in a case that the
received signal 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 contxoller 228 of the transmitter.
Next, a configuration of a base station
30 according to the sixth embodiment is described. FIG. 21
is a2 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



the transmtting signals based on the reporting from the

transm ssion-timng control information detector 229 to be descri bed

bel ow. (An operation of a receiver) 15 The signal received at the nobile
station (the received signal) is input to the received data
denodul at or/ decoder 228 so as to be output as decoded sequence data after
bei ng dat a- dehodul at ed and data- decoded-4:-a case of the received signha
being a 20 data signal.on the other hand, in a case that the received
signal is a controlling signal which includes the transmtting timng

i nformation, tH&equertyeibraiignadqualsizeentaleddye dEASPeaSi it 10
control inforng&&gg detector 229 via the received data denodul at or/ decoder
25 228. The trans 'Sgron timng control information detector- 229 detects a

transmtting timng infornatirgn 2iromptbe yAgel si.gn s to report
to the transmittjng timng controller 228 of t E%%é%ﬁs%#ﬁ%%ﬁ%sNext, a
configuration &f & SSASPT BHNBW aeewtxiiinginfotnieet ivnxt dreresdaadic eIty i S
described. ¥l Gy 2drarismid+Sh .egrfér] dj of onfigqguration of a base
station. A description of aﬁ opefgtigﬁgéﬁgggﬁnﬁq$tpﬁP RrRCErFR¥®nce
cancel l er, a chip-tqudiioneh, ldidna o#2mbbereieneytdon®i n eguiahigmery al ready

described herepg i opmiited. In FIG 21, this base station conprises a
transm ssion-tim n%lecog{jé%}gl}rr%t&Fﬁﬁt icbfﬁ bRfePsersgaus 1B3al through

transmtting-sigbah genetisd omohile IRAtPERECSSOfBroubh3-4 Hhtough 113-n of
nobi | e stationg rethrag)lugh n. . As the Qonfigurations of the processors 113-1
through 113-n-of" t h& moBF F&IErYt | S 1QUEAESR]h Of akhe t hoocessme, AB-1

exenpl ary Idonf ofurtats omolpf1ld het@F0GPSs0rislldedcribed. The processor

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

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

Below, an operation of the base station

20 configured as described zbove is described.

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

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

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

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

repetition reconstruction unit 117 an operation which



10 of the nobile station a is described. The processor 113-1 of the nobile
station a conprises as tranmtting processing functions a transmtting
data generator 114 and an adder 115 and as receiving processing functions
a recei ved data denodul at or/ decoder 116 whi ch renoves 15 nulti-path
interference, a received data denodul ator/decoder 116, a chip repetition
reconstruction unit 117, and a received t4¥ing detector 118 Below, an
operation of the base station 20 configured as described above is

descri bed The signals fromthe respective nobile stations (nobile station a
t hr ough n) rec«ﬁ‘%&&rﬁﬁ tHdPpasrPeiidipon Hedebyo suchhedemrlndppendd ng
processors (t eSS5QksS t 1d.e s 1.0ns hrough n) 25 113-1

t hrough 113-n Fﬁgﬂ%?gcessi ngagﬁ ?ﬁaﬁ?%%%fevelhgﬁ:sl[egna?#l% RecditP8@hsi gnal s
from the respectivederashi the stratiovad aft mough pathnpidtefirereh e RROCEssors

113-1 t hrough - . respective bile stations_30 a through n are
mul tiplied wit #%gh}%)eolﬁ{ég s‘faa% oHEMABEE Yo dBh sédberftesthdpiheed in
the nobile 5statrcosmitvtidy odgba Nage asedhs4RAEEEP Fbrt A Rin&ERGLI tion
reconstructiont nit,117 gg ggeration which -43 restores chip re%etltion.

Her eby, such de It‘ilep?c’éj)? 54nAFIUEHSM t he respective nobile stations a

t hrough n undergo the remomad efndnl hgﬂ@gt thentﬂéeﬂ%ﬁcetdiﬁingt he recei ved
a

dat a denodul at or /decoder 116 so that the 5 transmtting a-are
reconstruct ed P§FEBEPPuLefng'ses the decedived dptiioteqhennels

transmitted from the respective mobile stations a

10 through n so as to perform the detection of the
received timings. Herein, the detected received timing
information is sent to the transmission timing control
information generator 111 where the transmission timing
control information such that the received timings at

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

Such generated transmission timing control
information is sent to the adder 115 so as to be
added with the transmitting data generated at the

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

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

30 transmitting signals are sent to the base station,
enabling a further reduction of the effect of
multiple-access interference as the frequency spectrum

of the respective mobile stations becomes fully



On the other hand, the received timng detector 116 uses the received
pilot channels transmtted fromthe respective nobile stations a 10
through n so as to performthe detection of the received timngs- Herein,
the detected received timng information is sent to the transm ssion
timng control information generator 111 where the transm ssion timng
control information such that the recei vegl4ti m ngs at 15 nobile stations a
t hrough n coincide with one another is generated Such generated

transm ssion timng control information is sent to the adder 115 so as to

be added with othogeaalmiwitthngordat angener abgd tade tf@e@gntc&arlgﬁ'st_ti ng data
generator 114 for transm,ssjon to the transmtting signal generator 112.
The transmitting signal - geneFRG e 1135 i fBPudESSt hetati®Msni ssion ti ni ng

control i nfornereasmastiesceigrslabovent of LFEROIAdN0uEL olhesgspective
mobi | e stations. Zg.As descri bed above, in the wireless transmssion
system accor di AFPEGHRR? sERfh Eibolrmettissignhi tiaisgat ¢orsrojer faranvied

addi tion toschifgomepetd thepil@ ceBLIOhd i Qg.Of S Lk N9, L i Mngs so
that the received timngs at the base stg?i grﬁlggpél%?%ewﬁ/&én%e 15%5’9&
transnmitting sFGHEFRCET e COERESPORdITG bbse theatrempecenabl imafpiaef urt her

reduction of the.effect .af i pl e-access interference as the frequency
spectrum of t he r espects;aveagr:uoltgh &8 Fon eoeﬁﬁ?r%%t?‘ﬁl FYLP aRasEeFdgonal

with one anothée ofhd herigemien€yraxits dditdIneR! antdl the gglgga}ﬁg ation,
transmtting sifggr%l Sth"é“h a conbi ned use of chip repetition and the
transmission tinmng conttoFPTEYEy PS¢ r Sratie@smobThan st thosms are

mul tiplied@ tdembetilas®d signals of the respective mobile stations
are applied to the multi-path interference canceller,
the chip equalizer, and the frequency~domain eqgualizer
as 1llustrated in FIG. 44 through 46 in order +to
remove multi-path interference caused by the multi-path
15 propagation of the own transmitting signal so as to
reduce the effect of multiple interference. In other
words, the receiver of the base station which performs
the removal of interference causad by its own multiple
signal enables a2 simplifying of the base station
20 receiver configuration relative to +he configuration
which removes multiple~access interference from other
mobile statiens.
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 cperation of
the mobile station as described above is described.
In FIG. 22, the data-symbol sequence is
. multiplied at the multiplier 242-1 with the spreading
30 code generated at the spreading-code generator 241 so
as to be multiplied at the multiplier 242-2 with the
scrambling code. The scrambling code used in the
multiplying of +the scrambling code is used by



sequences corresponding to the respective nobile stations so as to restore
the repeated chip pattern to the original formto denultiplex into the
signals fromthe respective nobile stations. Then, those 10 dernulti pl exed
signals of the respective nobile stations are applied to the nulti-path

I nterference canceller, the chip equalizer, and the frequency-donain
equalizer as illustrated in FIG 44 throéfh 46 in order to renove

mul ti-path interference caused by the nmulti-path 15 propagation of the own
transmtting si%pal so as to reduce the effect of multiple interference.
In other word$S¥itRBirgcatvethodf schambhing statdeoswilithingeebat 511 tde

renoval of i nterfigr epgs u byl 0 | tiple., signal enpables a
si mpl i fying of tnﬁg base gtgatstﬁ%n étf) rf%ge}l\g%ﬂ?@ﬁgﬂgﬁ? alsi%Gﬁm]P%:I-IﬁIi ¢edeo t he
configuration amsi cthe emseesspedidiipl es@ce@aingnt@ideer eﬂc;etggogaz%tslggrt

nobi | e stationgl.n; w reless transm ssion systemaccording to the
present enbodi mn??#gﬁtmﬁﬁf?e G ORRE orfSAes e tphingf uanatticonl blig changi ng

the scranbl $ngunade 248 t bpkf€ehd 0slibecSiHFLagh chLp Sequ e. Bel ow an
operation of the m)gi | e station as descrglebedéﬂk%lcz)ol:—/!fex i@eedeg%]'l&frd’@?. In FIG

22, the dat a- syB&Ie neBEpEmafiian pviieh adnsheagns t pé i ewi2dRidgWwi th the
ST eSL TG og rUmmmenaaba gl LigisP a8 O COgE e SOl AL S0, 0 10
scranbl i ng codé™iSERRT P hethel HEplytons furkheoncriamhirhagisde i s used by
of the col | -Spenitre-odl aRiri g SHe A PRLP EBVER RS cavgr dke Tng
code. In the pieskated emsdli mowirotihentscranbbha g codRe SWel ehipgogant rol |ing
and user-specific scrambling codes is used in
accordance with the information such as the number of
simultanecusly-connecting mobile stations in an uplink.
Subsequent toc 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 242-a).
20 Furthermore, in the wireless transmission
Ssystem according to the present embodiment, the mobile
station multiplies spreading codes different for +he
respective channels so as to multiplex multiple
channels and then to perform chip repetition. Below,
25 an operation of the mobile station is described,
referring to FIG. 23.
In FIG. 23, a multiplying at the mobile
station of different spreading codes having SF=2 to
the different symbol Sequences of channels A and B, or
30 (al, a2, -***) and (b1, b2, °°*) enables a code-
‘multiplexing of the two channels of the spreading chip
Sequence “al,l”, *“al,2”, “az,1v, ™“az, 2", ., “bl,1",

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



5 unit 245 perfornms switching based on the external controlling

I nformati on which instructs the swtching of the scranbling code. As the
external controlling information, the cell-configuration infornmation

i ndi cating one of the nmulti-cell environnent and the 10 isolated cell
environment, or one of the cell-specific and user-specific scranbling
codes is used in accordance with the i dggsmti on such as the nunber of

si mul t aneousl| y-connecti ng nobile stations in an uplink. Subsequent to the
scranbling code nultiplying, the 15 chip-repeated sequence is output via
chip repetitiormbbdiméet datka petisemifgt A43cAng tRgefid Pl ¥bng it h the
phase sequence neraied at the npbile station-specific phase sequence
generator 244 E%Fﬁ“‘b TRF S nehR| pEReRGe 228- ghanpelsud herdoiBe, in the

Wi rel ess transnirgsi on SY3t oM acGEr gdkng the pres odi nent ...t he
nobil e station nultiplies spreading éod%%’éi ff é'i)engﬂé‘%lre&?h% 55585:& ve
channel s so as™étiblexinexofuldiffesenthahaahslandiitthén tthepecdmy m chi p

repetition.gBe 2 p | of e. nobi l.e_station i s described,
referring to Fllt%%%?h%cgl %ﬁé‘é%ﬁ '][al‘ n%%%]}%ef%/i ngCht tgﬁe ‘fr}’(%‘inﬁé station of
di fferent spreadingpbexiosy hathewe Shagr 2d,0 féhe ostaipBs eNh SYLHW! sBequences
of channels A an and_(bl,_ b2, -) enables a code-

u? B., or. 30 ﬁ(‘IaL%tzﬁ -) ) _

mul ti pl exi ng of "ChEPTTHEhaliEr P 5t fhka s5haracky iehigrcogdgnencerithl | 111,

-al, 2% 1 a2, 1", theadata trandMidsion' Alue?f bng ~R2, 10:e %’bﬁ\i\%‘{iPlexjfnq on to
| i1i

According to the present -46 enbodinent, a performng p repe
such code- mul i &bt dcbarpekeandnce efPnt¥rildioos ghammelB ("xI, 1", "xI, 211,

"az2, 111, -»®@, 211, ...) enalliRSm@rb! eXibl g yireless transmission system
according to the present embodiment, a mobile station
comprises a function of changing a mobile station-
specific phase sequence based on the external
contrelling information. Below an operation of the

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

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

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



mul tiplexing of different channels within the conb 5 tooth-shaped spectrum
Besi des, for the channel nultiplexing, there may be, for exanple, a case
of multiplexing multiple data channels in accordance with the data
transm ssion rate and a case of nultiplexing a data channel and a
controlling channel. 10 Furthernore, in a wre-less transm ssion system
according to the present enbodi nent, a nobyle station conprises a function
of changing a nobile station- specific phase sequence based on the external
controlling informati on. Bel ow an operation of the 15 nobile station is

described. The sesenicpt ilpn af ghaclPeernessq UpetRoghi p  enbodi nent which is
repetition according to the present the sane as the process according
illustrated in FIG 22 i8St FeIEibRBoALMSL atn ordért alat20Hen &ip- 24,

the external cofdgeltlelndsidnaher | Qi S : he.mobi | e, .

station-specific P phase slgguenc%ege?at%c?rsej%g?&%c@?)gﬁﬁg SRS pPEsent

enbodi nent, an 97fdlcgshah a9 tbme eehethat danttid | FRgqudnthor agkd 8N Ofnd he
as the information for reporting

phase sequegnce i ti,an.to be 25 use

fromthe bage I'ls ae?'i(’gﬁ tRRES, tpeﬁg?vg’aﬁﬁbi?fé“éic’ﬁti%stéﬁatﬁ%aés

det erm nati on dfrarheth®birkepstaiveONmSPETS f keaplase nésauecacec@ﬁ&ﬁﬁeon t hat
reporting inforpation, Furthernore, the nethod of determ ning the nobile

30 station- spdcli$t TP piiSe WeGdBAEe HEaNABLSFIoN t slistére agpohdthmsto
described aboveheFOpr&s@i! Srbddin@RY  COMY | §Ese f’"@tﬁ%ﬁ&?t c Hn}ggist:gsat athe
respective nobile stations autononously determ ne thé nobife
st ation-specififémﬁﬁégﬁ of performing a loose transmitting timing
10 control of the respective mobile stations so that the
offsets among the received timings at the mobile
stations are contained to within a predetermined time
difference.
Below, the concept of a loose transmission
15 timing control performed at the base station is
described, referring to FIG. 25. Herein, for the
brevity of the description, the target mobile stations
for the transmission timing control are limited to the
two mobile stations of the mobile station 1 and the
20 mobile station 2.
According to the present embodiment,
the loose transmission timing control is referred to a
loose control of transmission timing so as to contain
the time difference T-D between the received timings
25 of a received symbol I-1 at the mobile station 1 and
that of a received symbol -2 at the mobile station
2 to within a predetermined time difference. This
received time difference T-D needs only to be a time
difference necessary for obtaining a frequency~-domain
30 orthogonality between the mobile stations and may be
considered, for example, to be one or around a few
blocks of a repetition pattern.

Such base station according to the present



-47 sequence by a predeterm ned nethod. As described above, in order that
the chip repeated signals at the respective nobile stations be orthogonal
to one another in the frequency donmain, the 5 received timngs at the base
station of the signals fromthe respective nobile stations need to
coincide. Thus, in the wireless transm ssion system according to the
present enbodi nent, the base station conpffses a function of performng a
| oose transmitting timng 10 control of the respective nobile stations so
that the offsets anong the received timngs at the nobile stations are
contai ned to wi ¥Rt BepreRtdesned rfdectiin f oferidhe. Buitwlltihg Condept of

Gescr bed. referri Bgro B SRl ton AR Qell OB Bk
description, theesp@cyévenvintidestattdnss fwiiTdheal TAATH SE6ON thieMtiche
control are Iirgif¥%r%§céhﬁp_tmo n%gile stations of the nobile station 1 and
the 20 nobile StatioRcs. AdcoPhi Mgt o $4R slesEMingfbodi nent, the | oose
transm ssiof timng contaakidsntLMerregnt @ aczdHoge %'g&%gofthter ansm ssi on

timng so as ta contajn the tine difference T-D betweén the received
timngs 25 of aE€ei VEPTYIFOPN| -LLrHngt ool easst desonillecingbotdiat of a

recei ved synboltierd ahay heenmobhi Egsgt aty Oﬂhi&tﬁuﬂ%ﬂé‘- %ce%gdet ermned time
S oﬁly

difference. This received tinme difference T-D nee 0 be atine
di ff erence necedS&FyerBRCDLIGYNI IRFE fa2q@encyfiimtmi of 3&her thagdrali ty

between the mohijgngkatiRRy apf MYpbee cRARLGELCd: Gl eXaTR! & Lo D Oone
or around a few

10 causes the frequency-domain orthogonality of the chip-
repeated signals at the xespective mobile stations +o
be lost. Thus, in the wireless transmission system
according to the present embodiment, the mobile station
comprises a function of adding a guard interval so

15 that the chip-repeated transmitting signal are fully
orthogonal in the frequency domain. Below an operation
of the mobile station is described, referring to FIG.
26.

In FIG. 26, an exemplary case of generating

20 a guard interval by duplicating the respective portions
of the tail-end and the head of the chip pattern
generated by chip repetition to the tail-end and the
head of the corresponding chip pattern is illustrated.

While +he base station receives from the

25 respective mobile stations such signal having the guard
interval as described above added, the chip-repeated
signals of the respective mobile stations are received
with a frequency-domain orthogonality when the time
difference T-D of the received timings due to the

30 loose transmission timing control is small relative to
the total length T-G of the guard interval generated
2s described above, In other words, even in a case

of applying a loose transmission timing control,



bl ocks of a repetition pattern. Such base station according to the present
-48 enbodi nent enabl es a reduction of the controlling |load by performng
transm ssion timng control of the respective nobile stations while
allowing for the tine difference T-D of the received timngs. 5
Incidentally, in a case of applying the |oose transm ssion timng control
as descri bed above, there may be a case-#¢s-which nultipl e-access

i nterference may occur as an offset of the received tinmngs anong the
nobil e stations at the base station 10 causes the frequency-domain
orthogonal ity ofedusgichi pf rapealmib-gicgasts ialtekReréaspesti \w b &y
stations to be | os%—. Thus, hg t he Wirel ess transm ssion system according
to the present BHOGATRENT t AR ndBPRée siERtEAD Eperasd dntareal oasof

addi ng a guard deycetval Sholl that the chip-repeated transmitting signal
are fully orthogonal in _the frequency domain. Bel ow an operation of the
nobi | e station is descri BBEthemiase.i nghe ompbid e 26tathoi| @s AB:scarbedenpl ary

case of generatiytge 2 d,i r by dupli.cating the respective
portions of the tail -gﬁl?irang tﬁe%&éﬁg? tqnfg g%ﬁgﬂﬁat?}ﬁ nieﬁgﬁgr Rfed by
chip repetitiorfheo ehip-trepeadrnd andpt heatteead bDinddre €ipdn egpendiipg chip
pattern is ill tfrfé%gﬁf:ethl et he base station receives fromthe 25
respective nobile stattons sutlf sPgRal SRR the thBarceinedr vdmiags

descri bed abovefadtiesl, rebpechiwe r appai€dstatobad S £Emt Re ﬁgﬁp@cgkve nobi | e
stations are received wth a frequency-domin o.rtho%onallty when the tine
di fference T-DVdf¥t hef r EEBPGRRP t PHL FRIYRECESSt Hategipsenes { r Basew sshon

timng coniool dperafBbh ¥ athdembBile station is described, referring
to FIG. 27,

In FIG. 27, the mobile station sets the
chip-repeated chip pattern length T-S5 to be
sufficiently longer than the +time difference T-D of

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

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

Next, a specific example of the +transmission

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

In FIG. 28, in §51, the signals for measuring
at the Dbase 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



the total length T-G of the guard interval generated as described above.
In other words, even in a case of applying a |oose transm ssion timng
control, -49 reduction of multiple-access interference is enabled by
inserting at the nobile station the guard interval as described above.
Furthernore, the nobile station as described 5 above conprises a function
of setting the length of the chip-repeat™dd chip pattern | onger than the
time difference at the base station of the received timngs of the
respective nobile stations froma point of view of reducing

mul ti pl e- acces$rpmt eitfeer emsrectBaleovwneini 10 spatiximison?®fl t hkbrowdh | @0stat i on

I s described, referri to FIG 27. In FIG: 27,.the bile station sets
the chi p-repeggeogé(’:hilgg Patter Iéﬁgt RegeRsd %émlréqﬁfP i d8€y | onger than
the time differespectite omobblé hethecehyed tinmngs at the respective nobile

stations. Hereby, reduction of the effect of |osi ng frequency- domain
orthogonal ity of the sighal $°8f tHe rkasrcetationpBPle SRULEAS Bi%d of

mul ti pl e-acgesg bt {EHRNCEshEngLNER! ae FULINGHTGLE £ ARGQr A1 Q1 Ne
present 20 enbodi nent, 1 mprovenent In transmssion efficiency 1s enabled
by not perforni7Aglt Hehrowgbr t T oot Kdaguathe reteivwesd bdmindsuscfatibe in

oo sron SspElNES. pEBMIe Otla, MR, aRsE i oAl e
systemis descebbess tef etrdnzgito fHee spgueinceegdorgirgm thesd1 G 28. In FIG
5|8]’¢ f Ie::] eﬁ(S:é,s ;%ﬁghgﬁg{glggor t%f‘r?éjsr ! @g t t(—:‘ t?eesppeaést%vzt arrtac;bcjl.rf}.elogtattq%ns

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 3533, 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 according to the’
present embodiment generates the transmission timing
contrel information for the respective mobile stations
70-1 through 70-n based on the differences among the
respective mobile stations of the received timings. In

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

On the other hand, a setting of finer resolution of

30 the information on the transmitting timings to be
reported to the respective mobile stations enables an
implementation of more strict transmission timing

control .



30 respective nobile stations 70-1 through 70-n of the received timngs
are transmtted fromthe respective nobile stations 70-1 through 70-n. The
base station 100 receives the signals as described above transmtted _50-
1 fromthe respective nmobile stations 70-1 through 70-n so as to neasure
the received timngs of the respective nobile stations In S52, the base
station 100 conputes the 5 -transmttingsiim ngs of the respective nobile
stations 70-1 through 70-n so that the received timngs of the respective
nobil e stations 70-1 through 70-n coincide so as to transmt the signal

reporting these transn i ngedoriibegs drdpvihe #raspegid vecaphidie stati ons 10
70-1 through 70-n- The rettsfgective mobi |l e stations 70-1 and /70-n denodul ate
the signal as ESEHBET afbveher &56FeRE fFbrAtRenbasempriseoONtiO0. I n S53,

the respective fmdienstét i ABssuriigl £heoyah 70s - it the,signals
based an the 15 transmtting ti m r%s o%t ai ngg %(?t tetlriﬁg%%dﬁ atthh as 20
descri bed above®SHECERYE Meblhgsestettirhen 00 esmbitdng recephiiesief the

signal so that il nheceimed it | {iAgs the signals_fromthe respective
mobi | e stations 70-?E3I through A (%:?L%Ei e Thus [SPRECHESe ge5ti%n 100
according to thé&atippresets eabadigneht weder foeSmblSutIIRNSEHSS| QBcE{FEAY

control infor -'%ng_g forathg respectiye nobile stations 70-1 through 70-n
based on the diTTergnces Brdny cHE"2t eJF¥CtPS e CRBBITE ast-at THRth6E t he
received tim ngerdsn 2Axitighethawgsel ds$ et hRonQfs RN es}csocgﬁea#@?sr(yig i on of
such transmtting timng information enables inplenentation of Toos
transmi ssion titr?in LofEtFSENt embodiment, the mobile station comprises
10 a function of multiplexing to the transmitting signal
a pilot channel having a known amplitude and phase so
as to perform chip repetition. Below the method of
multiplexing the pilot channel at the mobile station
is described, referring to FIG. 29 through FIG. 31.
15 (A first mnltiplexing method of pilot
channel)

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

20 transmitting a pilot symbol. As illustrated in FIG. 29
the data symbol input from the data symbol sequence
input port and the pilot symbol input from the pilot

symbol sequence input port are temporally switched at

the switch 260 so as to be input at the multiplier
25 262-1 and then to be multiplied at the same

multiplier 262-1 the spreading code generated at the

spreading-code generator 261. Thereafter, as described

above, scrambled-code multiplying and chip repetition

are performed so as to output as the chip~repeated
30 sequence.

(A second multiplexing method of pilot
channel)

FIG. 30 is an exemplary embodiment in



whi ch handl es an operation as a step-like operation. On the other hand, a
setting of finer resolution of 30 the information on the transmtting
timngs to be reported to the respective nobile stations enables an

i mpl enentation of nore strict transmssion timng control -51 As descri bed
above, the base station according to the present enbodi nent conprises the
function of neasuring the received timngs;of the respective nobile
stations for reporting transmssion 5 timng control information to the
respective nobile stations. As a signal used for measuring this received

timng, a pilota stgsel ofayads ARG BIEGrehs cgﬁ%%%diifi?r%de§5i{bg Lhe

W rel ess transrgéa sion s sigm according to the present enbodi nent, the
mobi | e station gﬁpr?i?éé‘e EranReiitéRgofe et plseRbal t2odt e praosnitting
signal a pil otchahasnelchavhig: fn&kng [ and phase, so sto
performchip repetition. Bel ow théé &%’g})&oféﬁq% i BP exdi®hgt? hgog?Tot
channel at theW8EiPéext afisonillivstadesedi hed, FI®S &0, nghd 0aEtS tir ough

FIG 31 15 €A fii | p [ nmet ho f pilot channel) FIG 29 is a
schemati c diéagrlghar(%f r%gr?&dexé}?r%l §%§a eﬁ?ﬁg&&r@?ﬁq‘ieﬁc& dqgRtofport  and
tinme-nmultipl exithg apidatta sptssinelinpe@nTFLht ivHe a{)ﬂ:@é@ e ofnge%gﬁgﬁot
channel 20 trangm tti nq:ta Qi | ot synmbol. As illustrated Tn FIG : he
data synbol input trdifithe?tat F°Ehfpotvdaquerteipliisgutbypothe amd fifheent | ot
synbol input frspiebdendi lkotlesSYMek § h pput.or e rally
switched at the TS:Wi ,ctﬁ 260 sQ as to be in%%tllgt’ (R rr%?ﬁ plsi;"’glrngSl%z-l
and then to be™ f‘P%ﬁ%db&t e sefradingl t ¢l egerematied het spheadi ng code

gener at ed B thpreading—code generator for data symbol 271 while the
pilot symbol is multiplied by the spreading code

generated at the spreading code generator for pilot
symbol 272.

Such spreading-code multiplied data symbol and

15 pilot symbo)l are code—multiplexed at the adder 274 so
as to underge scrambling-code multiplying and chip
repetition for outputting.

(3 third multiplexing method of pilot
channel)

20 FIG. 31 1s an exemplary embodiment in a case
of assigning different frequencies to the data channel
transmitting data symbol and the pilot channel
transmitting pilot symbol so as to frequency-multiplex.
As illustrated in FIG. 31, data symbol input from data

25 symbol sequence input port and pilot symbol input from
Pilot symbol sequence input port are multiplied with
the spreading codes generated at the respective
spreading code generators 281-1 and 281-2, are
multiplied with the scrambling codes generated at the

30  respective scrambling-code generators 282-1 and 282-2,
and then chip-repeated at the respective chip-
repetition units 284-1 and 284-2 so as +to be

maltiplied by different frequencies {in this case, f1



spreadi ng- code generator 261 _ Thereafter, as described above,

scranbl ed-code nultiplying and chip repetition are perforned so as to

out put as the chip-repeated 30 sequence. (A second nultiplexing nethod of
pilot channel) FIG 30 is an exenplary enbodinment in -52 a case of
assigning different spreading codes to a data channel transmtting a data
synbol and a pilot channel transmttingggpilot synbol so as to code-
multiplex. As illustrated in FIG 30, the data synmbol 5 input fromthe data

synbol sequence input port and the pilot symbol input fromthe pil ot

synbol sequencemnd nf2iX. pehénar@el eSRREIsVehde Mel-Lipdl i f f erent
spreadi ng codes., Mre specifically, the dat ae synb%\FéI}c?d_mgm%F%%:%gd %E/ t he
spr eadi ng code%‘@ne? §@5trfé’r103‘-'stﬂ¥léi§dhgg-code generator for data synbol

271 while the pilot synpgl &egcg?l‘,ljé& pk%g?epyatﬁg%ﬁ%a%ign code generated
0 o y :

at the spreadi ng code generator rp S uch*Sspr eadi ng- code
mul tiplied dat &mbpaboentmdas15]justrasydrbah &5 .cople- rukbigh exed. agy the

adder 274 s® asylLo HEQ r.go anbling-cqde multiplyjng and chip repetition
for outputt] ng.%h%At |§5 i %l%@ﬁ%’]@t‘a%ﬁ ot%“epillg’o]tO hsh#19ls20sF G 31
is an exenpl ar gserodepphy ichip CAGRti@loRsHogngdikAitkl epant frequencies to
the data chann%l o giggsmgti ng data synbol and the pilot channe
transmitting piToF Yol sOTGWGNGYF  FRARSTY miguehlyex . an Asrrangestenat ed in
FIG 31, data synbolanishutihgO®igAb®s from the mobile stations to

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 chamnel as

15 described above is described.

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

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

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

25 pilot-symbol pattern generator 251 with the spreading
code generated at the spreading-code generator 293,
applying chip-repetition at the chip-repetition unit
234, 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.



25 -synbol sequence input port and pilot synbol input frompilot synbol
sequence input port are nultiplied with the spreadi ng cbdes generated at
the respective spreading code generators 261-1 and 281-2, are multiplied
with the scranbling codes generated at the 30 respective scranbling-code
generators 282-1 and 282-2, and then chip-repeated at the respective chip-
repetition units 284-1 and. 284-2 so as 434-be nultiplied by different
frequencies (in this case, fl -53 and f2). Then the synbols are
frequency-nultiplexed at the adder 285 for outputting. As described above,
according to tHerednboditmenpstias akéuserakeddi ntoFl e 20ebpaug FIG 31, 5
the nobil e stattirggsgwéyrﬁj%exes tfne gi | ot channel s so as to apply chip
repetition to generate tie CoRbR 3 obEREEIRbedts tGuEPRSE spErEIam viRr eby,
an arrangenent didtetends prbbhfghe drgnabsedd 0 bi | ' to. have a
frequency- domai 5 ort hogo?gl ?tg‘g_’ics enabl ed. %Epwﬁggv%r%%%a%hﬁgﬁasé’f
station, a neastifenEifi®yedt Helmingsei eedtheninegpeativhe mobspecisivae iomdi | e
stations Usi ngg IHe0t n descri ahove is enabled. Next, a
net hod of neasur}iﬁg ﬁt?eeor%%%eghaﬁ% n%gat%%%elegaseé"eé’t att of Uy Phe

pi | ot channel aBPlybnglesbibberepatiovions described. FIG 32 is a schematic

di agram of an exenplary ,canfiguration. of a base station which nmeasures
received timngs of theNer)glg'pegﬁ?v mﬁﬁgﬂ%nfst abi Ghs<B%e cRifp-Pexfssadad pil ot

channel s. Bel owhan wpesatissionf tiheng0 daseost @l Obhas rdesediRed is
In FIG_ 32, the base station generates a

Sanal by’ mul (1EPSFhg “TAELBRT o ¥sy etk Betr EspbREhgreceived timings

10 of the mobile stations as described above is described.

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

15 In FIG. 33, the left portion is a schematic
diagram of the received timings of the respective
paths for the respective mobile station (herein, mobile
station 1, mobile station 2) detected at +the recelived-
timing detector 297 as illustrated in FIG. 32.

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

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

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

coincide. In other words, the base station according



to the respective nobile stations generated at the 25 pilot-synbol pattern
generator 291 with the spreading code generated at the spreadi ng-code
generator 293, applying chip-repetition at the chip-repetition unit 294,
and nultiplying the nobile station-specific phase generated at the nobile
station-specific phase-sequence 30 generator 295. Correlation of such
generated signal wth the received signat5+s conputed at the «correlation
operator 296 so as to detect the received timngs of the nobile station
for the respective paths. -54 Herein, the paths are referred to the
respective trdtsni-iei myesiegtalenbodimened eablbe Raseusdmisis9BnVidE the

di fferent propqg:afti n utes..Hereby, a neasurenent of the received

timngs of the resepc%ctJl;gemHiBf‘gﬁe_sat%teFanl@e&sfﬁﬁSn?%efEPI“otOtélﬁéfnnel i s

enabl ed even i mdbidesesofticappl ¥ddtGdGRLP tepehit ilﬁqncﬂg?g : foifhe enmbodi nent
ol o

Iin a case of perform ng the transm ssion timng contr the respective
mobi | e st at i ons BAFEFK O T e PEERIP N A8 eti thi nElnigs  tepetitiba bpbi | e

stations assdeg@irirlemingoude StAeRRisRe0n HlPhg33.drg 8, di agram which
describes a transmssion timng control in ACCOr dAnca Wi th the received

timngs of first paths ofhike mesprast i 9€ mnwelsiukéngt aheonscelibelin FI G 33,

the left portignmisgd SERGML) ' of the received timngs of the
respective paths for the resp]g%t F\Q/E&FQ}% % @?%fll%ns REt &S, SHolis et st ati on

1, nobile st at idghezpivet ddieedammiuritheof ecenvedl 1irngri 68 d@kect @insA<sasn
illustrated in ELC 2. cording to the present enpodi nent, the base
station detect stl*ngr g?hefég%p T i VESHOBH % s'E‘g}?Jr]tﬁ]sStatmns based on

10 the measurement result is described in the embodiment
as described above, the wireless transmission system
according to the present embodiment comprises a
function of autonomously determining the transmitting
timing of the own station. BRelow an operation of the

15 mobile station as described above is described,
referring to FIG. 34.

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

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

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

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

In $62, the respective mobile stations 70-1

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

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



pat hs conprising received power above or equal to a predeterm ned received
power as effective signal power path. Then, based on the detected result,
the 25 transm ssion timng control is performed such that the first paths
of the respective nobile stations are received at the sanme timng. For
exanple, as illustrated in the right portion of FIG 32, the transmtting
timngs of the respective nobile stationss®0 is controlled so that the
received timng of the first path of the nobile station | and the received
timng of the first path of the nobile station 2 coincide. In other words,

the base station accordi fije- Presentt hapuesent, eahodiderheenalthly 8¢
h

suppr essi on of chhe effect of nultiple-access interference from other

nobi | e stations Gccot Y SCIPhPLrdci IO 35 edbibetiradedai in FIG.
orthogonal ity \@gth efiyldsepgt istiin@ni BYirmy PeEf ] N Lranspi ssion timng
control. Wiile_ a case of neasuri %gl?%le@r_ecei \C/He t??ﬁr#l%é:a??%%t%g the
respective nobiB&est3AGRE stphsthe medidenistettibesamsunthef control |ing of

the transm $si @@ntkbm 144 he e ' ile stati.ons based on 10
the measurenent resul T de%% beg", ﬁlpeﬁ%gt\ég g&t}ﬁenvarhsémgééﬁgi bed above,
the wirel ess ttandntssifed shstkentoacter dragpdarivbe mpkagent sepggisnent

conprises a f i of , aut on usly .determning the transmtting timng
of the own sta#?%%. O%e oPah Sgggé?’? ort30f2theRe898/hi PR thet | oFhers

descri bed aboveand, deseri bete dieferdrdyd §op F'aﬁoné”r-théc%rfﬁl%g to the
present enbodi rr%nfC the, nobile station uses the Common pilot signal
transmtted t& -aFCRDbiife Hieat FBFRIVerhi §imtgon While sPueideresi 280 used

for such puyposes merddie 8ldviWel Ofb OkhbN&mbodiment as illustrated in
FIG. 28, is considered to be applicable to the loose
transmission control used in the condition in which
the cell radius is small.
(A seventh embodiment)

15 A configuration of a wireless transmission
system according to a seventh embodiment is described.
The wireless transmission system according to the
seventh embodiment, as in the sixth embodiment,
comprises the mobile stations and the base station,

20  applying the transmission timing control so that the
received timings at the respective mobile stations of
the paths having the maximum receiving power coincide.
A summary of the functions of the mobile stations and

the base station according to the seventh embodiment

25 is provided below.

30



recei ved power at the nobile station, and the estimation of the change in
the propagation channel. In FIG 34, in S61, the base station 100

transmits the common pilot signal to the respective 25 nobile stations
70-1 through 70-n. The respective nobile stations 70-1 through 70-n receive
the common pilot signal so as to determne the transmtting timng based
on that received timng. In S62, the respgstive nobile stations 70-1 30
through 70-n transmt the signal at the tfansmtting timng determ ned as
descri bed above, while the base station 100 receives the timng-controlled
signals from the respective nobile stations 70--1 through 70-n. -56 The
present enbodi nent, unlike the nethod of the transm ssion timng control

as illustrated i nfFTG Z8, ew i fyrae—ef—+the configurati.ons of
the base station|and the nohi'le=3tatq I ; 5 RER 2 NaE T or
= g?

. . . ? ¥,
reporting the traphsng{ ti t C
stations fromthTN;Eg%%g{%é[ﬂhﬂgﬁ%n & RAN 'ﬁ@ tinme
difference T-D azpng tHe 1| INT ERFERENORSHOM [INEERFERENEE U ile
considered to 10 pe |arger relM&XIWEM BETEYEBNOBROMEINHERS | | : kﬂq i{l 15

FIG 28, is consifdered to be|apf?PHWERPATHS the | B83ES tr ANRMERSERENCEIN] 1 O
used in the conditfion in whi¢h the cellT Tadi[us | T — ent-h
enbodi ment) A configuration ¢f _a wreless transnké@ ¥ 8EBr di ng to
a seventh enbodi nentaprIERSclbERY] W RBTass t ngnflE Bak :
accordi ng* to thelECHMELORES: sﬁ#ggl_i Nt ORISR AT SRS REaT
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conprises the nobile stations and the base station, 20 applying the
transm ssion timng control so that the received timngs at the respective
nobil e stations of the paths having the maxi mum receiving power coincide.
A summary of the functions of the nobile stations and the base station
according to the seventh enbodi ment 25 is provided below 30 -57
| NTERFERENCE SI GNAL FROM OTHERI NTERFERENCEgMCEI LE STATI ONSBY MULTI - PAT H
TYPE OF( MJ- Tl PLE- ACCESS | NTERFEREI CE) PROPAGATI ON OF
| NTERFERENCETRANSM TTI NG | NTERFERENCE FROM NTERFERENCESI GNAL MA) | MUM R I D
El VEDFROM OTHER( MULTI - PATExPONRHR PAJAISRALESE M %BFEB)AEI\QOEHS%E OF
MD. 1LTI - PATH APPL1rI N3 OF STRI CTI NTERFERENCE APPLI ED UEDTRA I THE
B4SE STATI ON TIFNG RA M| -SEXRAth TEERPERENCE CANGESCERbedH PIG.
EQUALI ZER, FREQUENGY- a D@MACN; ERUAL . .-58 Next, the conf
I guration of the npbile station acll:%g? in%gi']a 5;]tﬁh§‘%§5§enltl\‘ﬁu§ﬁ58 Trefit
descri bed- FI G¢ordgquEabispnefi ohamobibek staagomm which illustrates a
configuratign of a nobil ,St@atd ongec 5 . Fl 3 t hi s.mobile station has
the configuration with ?ﬁe cdl'p-Er"sé1oe{tlﬂt1|5on%oﬁ’l”ri‘stfe AataBR 'l
configuration with the chip-repetition unit
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omitted when compared with the mobile station according
to the sixth embodiment as illustrated in FIG. 20.
Thus, herein such description is omitted.

10 Moreover, the base station according to the
seventh embodiment is configured as in FIG. 36, for
example, the configuration having the chip-repetition
unit omitted as compared with the base station
according to the sixth embodiment as illustrated in

15 FIG. 21. Thus, herein such description is omitted.

In the wireless transmission system according
to the seventh embodiment, the base station performs a
strict transmission timing contrel of the respective
mobile stations se¢ that the received timingé of the

20 paths comprising the meximum received power at the
respective mobile stations coincide. Hereby, a
reduction of multiple-access interference caused by the
maximum received power paths of other mobile stations
is enabled. Moreover, the multiple interference

25 canceller, the chip equalizer, and the frequency-domain
equalizer as illustrated in FIG. 44 through FIG. 46
are applied to interference due to the own delay wave
caused by interference from the paths of other mobile
stations having non-coincident received timings. Hereby,

30 a reduction of the effect of interference is enabled.

Next, a specific example of the strict
transmission timing control performed at the wireless

transmission system according to the present embodiment



om tted when conpared with the nobile station according to the sixth
enbodi nent as illustrated in FIG 20. Thus, 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 unit omtted as conpared with the base station according
to the sixth enbodinment as illustrated inggl5 FIG 21. Thus, herein such
description is omtted, In the wireless transm ssion systemaccording to

t he seventh enbodi nent, the base statiori perforns a strict transm ssion

timng control isf &decries@gctivmerATBRi 14 Skaki olg so that the received
timngs of the 20 paths conprising the maxi numrecei ved power at the

respective nobile statioht®coihdisde. dHagaby, whicheddesdmibesf the
mul ti pl e-accesgtiriter f+aig12 ed; h xi mum r ecei ved power paths of
other mobile stations is g‘ﬁ‘gﬁ?‘ﬁ q%r@%%%v%?ﬁ?ﬁ%%ﬂ’?ﬁ?eﬁ%ﬁt dMd&nce 25

cancel | er, thes&hitporqual n@r thandnddid ef rsmtﬁmy-zipmhn.t}&qu?kég@ﬂt ag t
erence due to

illustratedsin - hr h FIL.G 46 are applied to inter

the own delay \%g%/)gduﬁeg[ﬁ%’, egH%y SYIEEFf STORSELFF LR t FAMbBE hsoptret hemsnobi | e
stations havi nglhostcotewi dentrmeeceived (LEBLH0S, N reduction of
the effect of itnterfere,nce I s enabl ed- Next, a gp%fic eﬁ‘grrg:lhee of the
strict transm-S8PTRTTIRhg EBHIF oFope¥dlor rEd tte thebidier ebessiort r ansni ssi on

£y e ool o aaat odcnabeneniy el ok, Sheks BSOS RLELLTO ©O
timng control BBt RSEHeERo Hisbi Febi kR asFanian ad 4ite ki kepstetion 2. |n
the presento 5 egbodidrent . id Nenst Gl LLANYT,IELEN J4 N9 control . as
received power paths becomes almost 0 (for example,
the delay time difference T-D between the received
symbol i-1 of the mebile station 1 and the received
symbol 1i-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 sc 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 i1 and
25 the mobile station 2 are orthogonal codes.

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

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

according to the sixth embodiment as illustrated in



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 tine
difference T-D between the nobile station 1 and the nobile 10 station 2 in
the received timngs of the maxi num received power paths becones al nost 0O
(for exanple, the delay tine difference T-D between the received synbol
i-1 of the nobile station 1 and the receigrrd synbol i-2 of the nobile
station 2 is set to be less 15 than or equal to one-fourth of the chip

|l ength) so as to coincide the received timngs at the base station. In

other words, agiGhe imseTEéAfdHR, peﬁéf&ﬁﬁ sxPrjf}? EEQE?:FP% 3] 031%' m%ntg_ﬁégnt r ol
an ro

so that the received timings fromthe nobile statio nobi | e
20 station 2 coi ncide, aA%uﬁlﬁﬁéslstﬂ] ebove) t |apberanu_:pss<: itMeerdrenGee i S

enabl ed by settingsh n vin he s ecei ved t| mng fromthe
nobi l e station 1 gn@?i%c??n t@k% Qﬁ%bl E{”a’ﬂ?o % hGFERAN ogpgent,

spr eadi ng codeé;happtllqhedf-:t ostattaonoberleﬂﬂ&tsatax@n oﬂqlgggbn’ZSOEha;H@ballfp station 2
are orthogogal G in the wireless transm ssion” system

Fur.t her nor e,
according to th e8 p?jz%leonr} éﬁ%%%ﬁﬁmm’ WY BB ITde sHEicdn EraRpmission
function of changing td&atsslanbl ing code nmultiplied to the spreading chip
sequence. The 30 nobile station as described above, is configured, for
exanple, as in FIG 38, HavFPhg ?Me%?‘éﬂﬂﬁ?’éﬁﬁet ition unit omtted as

conpared with the nobil epstiati gn +feca tﬁllg g&ggq%, %tht abOdllrrBSe%o S ed
mtte

illustrated in -60 FIG 22. Therefore, ere| n suc &sci p
As described aBBY¥S A8cR¥IMRYArD tfegmvi o £ esBovingshesiigiteg et ong accor di ng

Eﬁl ';)he sevant hs;em' Febh othil® rﬁpo%lle S.;[taa:[tll(c):rﬁsent%bclhesaar}:ogllrzry]lrslgcl:lorxlzsgf the
of the chip repetition and the transmission timing
contrel and in the seventh embodiment an exemplary
form of removing the interfering signal from other
mobile stations by applying the strict transmission

15 timing contrel are described, a wireless transmission
system according to the present embodiment comprises a
function of wvariably controlling the number of chip
repetitions and the spreading factor based on the
controlling information reported from the base station

20 in a case of applying chip repetition and transmission
'timing control in an isolated cell environment.

FIG. 39 is a schematic diagram of an overall
configuration of a wireless transmission system and a
configuration of a mobile station according to the

25 present embodiment. The controller 58 which is an
element specific to the mobile station 50 variably
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



5 repetition process by applying the strict transmssion timng control.
(A eighth enbodinent) Wiile in the sixth enbodi nent as described above an
exenplary formof renmoving the interfering 10 signal from other nobile
stations with a conbi ned use of the chip repetition and the transm ssion
timng control and in the seventh enbodi nent an exenplary form of
renmoving the interfering signal fromothegi-nobile stations by applying the
strict transm ssion 15 timng control are described, a wireless

transm ssion systemaccording to the present enbodi nent conprises a

function of varpallry epntineklfageddie prsbesuRbositihg FePeld i gRs and the
spreadi ng factor asig_on the controlling informati'on reported fromthe
base station 209 HT8*¢388 HIgpPRyicH dRfpcielnat i then Panpagatimmi ssion

tixning cont rolcrighren i soldiedngel fonkl Nt enél Rurddrl H@ AGHEMRLI C
di agram of an overall configuration of a Wr'el €ss transm ssion tem and
a configurati drtdE)a g especitiisaldgcortdiengptacdse 25 peeg6hhed

enbodi nent . ¢ Th 0L | 58 which i n _elenent specific to the nobile
station 50 Var ieaa 355?(3%”?{00' %‘Gf’ hgﬁﬁﬂﬁ%@%" oFscrﬁrﬁlﬁséﬁ@F?‘?i s B t Ae-
spreadi ng fact Gesidesd drt ope @kstiied Camato! thegcoh PEOTER | Q&cif&ihgati ng

t he nunber of bi #e stations 30 (npbile station 200 in the presen
exanpl e) . si mhd ahBdudTFseRhn&rFPedinent hbapagd rerdyi grecetivads Miromed from

the base staliamelOfas® 8Baexdrngh @RPacaimuIbhe cAMgalling i nformat ion
i ndicating the -61 power of interference from surrounding cer’s, and the

control ling i nFRHERFSAT | AFcatiRgtede galdpagatimsmmeptannel conditions (for
exanpl e, the nunber of nHiidw an operation of the mobile station as

described above is described, referring to the
flowchart in FIG. 40.
(1) A case of indicating the number of

simultaneously-accessing users

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

In FIG. 40, in S71, the mobile station

receives the number of mobile stations within the
isolated cell simultanecusly-connected to the base

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

25 simultaneously-accessing users” (large in S71),
the wvariable controlling which increases the number of
chip repetitions while decreasing the spreading factor
by an amount corresponding to the amount of the
increase as described above is performed. In other

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

orthogonal so as to reduce multiple access-interference.



paths)- More specifically, the process is performed 5 according to the
flowchart as illustrated in FIG 40. Besides, it is assuned that the
controller according to the pxesent enbodi nent has already received from
the base station 100 the controlling -information indicating the isolated
cell environnent. 1.0 Below an operation of the nobile station as 15

descri bed above is described, referring t@ the flowhart in FIG 40. (1) A
case of indicating the nunber of sinultaneously~acces sing users Besides,
in FIG 40, the nunber of users and the nunber -of nobile stations have

the same neani mgreb{, FINGgh4Ospddt rall, 4 tion _r | yes the
nunber of nobile stgt [ élrc]fg W tphi n the L|1 é%l%ayggflc%eﬁkgi i t?ﬁ’i%% )
| y-cormected to the baseln2thest athen sends tavdegerom neo Wsgherp t hat nunber

of nobile stat.i,Qps ee a_predet er.m ned threshold val ue Moving on to
S72 in a case E:ﬁgte t% nuﬁ%%r nglf'b%biolfe m‘g'i"&tel ohs2 e dsS adpterringdhi ned
t hreshol d val ueocso s ekoebg éetﬁéaem@gm@ﬁed hayresnad agy @uq‘gﬁglf)f 25

si mul taneou§l y5@cg ing, users- (large in S71), the variable controlling
whi ch i ncr eased™ e HunbER® ofP2TeRbPLr r EpREFE} By wiiich dderreasasy tiwe

spreadi ng fact aumbéy aF adRUt r&9E£LSRANAINY 4 OgbbE AMMUNt0f the increase
as described above is perforned. in other 30 words, 1 n an isolated cell

envi r onment , | wEPReading ggac*ﬁ@ﬁb@y. gin Samlpm’r_anggggestgor@iimgssﬁmgths_er s, the
ooy S AMESSs |NECORSELA, 38T SIS SRR T,
spectral usagel®f fdtdiegncyoids entml ed. isolated cell environment, the
10 effect of multiple-access interference becomes
relatively small with a smaller number of
simultaneously—accessing users. Therefore, an increase
in the spreading factor enables improvement in the
interference immunity so as to achieve higher spectral
15 usage efficiency.
(2) A case in which the controlling
information frem the base station indicates the power
of interference from the surrounding cells.
In FIG. 40, in 881, the mobile statien
20 receives the information indicating the
power level of interference from surrounding cells so
as to determine whether that power level of
interference from surrounding cells exceeds a
predetermined threshold wvalue. Moving on to S82 im a
25 case that the power of interference from surrounding
cells exceeds a predetermined threshold wvalue (large in
S81), the varizble controlling which decreases the
number of chip repetition while increasing the
spreading factor by an amount corresponding to the
30 amount of the decrease as described above is performed.
In other words, in an isolated cell environment, with
a larger power of interference from surrounding cells,

@n  increase in the spreading factor increases the



On the other hand, noving on t.o S73 in a case that the nunber of nobile
stations is determned not to exceed a predeterm ned threshold val ue
(small 5 in S71), the variable controlling which decreases the nunber of
chip repetition while decreasing the spreading factor by an anount
corresponding to the anount of the decrease as described above is
performed. In other words, in an isol ates3cell environment, the 10 effect
of multiple-access interference becones relatively small with a smaller
nunber of sinultaneously-accessing users- Therefore, an increase in the
spreadi ng fact oeighbbrésg+oglrlovenenifdrenthe inhﬂh@&%@r%%bifmﬂfﬁi Y-S0 as to
achi eve hi gher ectral 15 usage efficiency. (2 case I n’ whi t he
control ling irfi%rc%ﬁf‘?oﬁ’sfarg@m? PEBEY stidt | ORrRIRA-cat es t he power of

interference fromthe suprowidi Bgn&L! hanal N fehSng?Qyn | P, S8k, the nobile
station 20 receives the information indi (':atrdlzng ?heonpml%gr gvet” of

i nterference fiGifsuridundifig REEKs ofo intetfemorer ixtm wWhetiwmdihgt power
| evel of igterkengnes @ unding ce exceeds redet er m ned
: CRervies Rk I e o TbesBrer

t hreshol d val ue. Mvin in a case
interference fAOarshptduivailng okli excesds) o phedeaimnabned t hreshol d
i ng whi ch decreases the nunber

value (large i . t he riable control]i ¢

of chip repeti '?logﬁﬁa H.r’iﬁl H}é?%%silﬁﬁr?ﬁsées sﬁL@a yrperacfor chipan amount

correspondi ng repthéthsamahble Oldetheaslaes cane aprdadchybed ahove, s,

performed. In otheé words, in ,an isolated cell énvironment, wth a’?arger
e

power of interParaice FrERTRERLGhdERg thel | amountn phctbaseiriareake su eadi ng
factor incr®asedesthibed3above is enabled. In other words, im an

isoclated cell environment, as the effect of intra-cell
multiple-access interference is predominant with a
small power level of interference from surrounding
cells, a reduction of multiple-access interference is

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

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

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

In FIG. 40, in 591, the mobile station
receives the information indicating the propagation
channel conditions such as the number of paths so as

25 to determine whether that number of paths exceeds a
predetermined threshold value. Moving on to 852 in a
case that the number of paths exceeds a predetermined
threshold value (large in $91), the variable
controlling which decreases the number of chip

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

isolated cell environment, with a large number of



nei ghbo ring- cel | interference i Mmunity. Hereby, higher spectral usage
efficiency is enabled. On the other hand, noving on to 983 in a case that
the power of interference fromsurrounding 5 cells is determ ned not to
exceed a predeterm ned threshold value (small in S81), the variable
controlling which increases the nunber of chip repetitions while
decreasing the spreading factor by an ampunt corresponding to the anount
of the increase as 10 descri bed above is enabled. In other words, in an
isolated cell environment, as the effect of intra-cell multiple-access

interference i paphegordmanhcybdde ainsmad Walhgvefa&fo ' oh et d Gt from
sur roundi ng a reduction of nultiple-acces it erfer ence 15

enabl ed by set Ph’ﬁ@lalﬂ‘ﬂum?ér &t énﬁmﬁ@%ﬁféomsltwlacces‘serﬂigenu&ers

frequency- donm,_ﬁmg[.lg_{gp onal - Hereby, high spectral wusage efficiency is
enabled. (3) A case in which the controlling information fromthe base

station i nd| cat es the ZOO!prtirﬁagatmm hlaannelmcﬁQﬂgl tdnongo ($9eh as Lhe number
ile station receives the

f lti-
?nf o?umat : on i ngl cg?l%a% hgl%f)r(r)1 3‘f| 8I¥h E‘ﬁ%‘ﬁnéls RHIAEIBARE Jwth B8 the

nunber of pathexseeds &5preddigiriiAbae MiaReiat Ral LBUMRGT: 19f ﬂ,fl ?1 xceeds
a predeterm ngg threshol d value. Myving on to S92 in a case

number of pat hs 8xcE SprSUETat hiP@d "hikhesinsirdases uahel amgibeirn 6391) ,

the variabl e cenipolddpegivhbgd decieasgsh hisp, 30 etitions
whi | e increasi gg t he spreadi ng factor byranglﬁ'cg ﬁgco rr%s?ﬁlgﬂﬂ ‘:?8 Tt he
anount of the craé'asém%ntdé@&?md;@(QVetwstperfamormad dm ﬁhéer words, in

an isolatied cehbrefyd r gamese LY 2 RL0e snugg§£omed. In other

words, in an isolated cell environment, as +the effect
of multiple—access interference becomes relatively large
with a small number of paths, a reduction of
multiple-access interference is enabled by setting a

15 number of simultaneously~accessing users frequency-domain
orthogonal. Hereby, high spectral usage efficiency is
enabled.

In the embodiment as described above, while

an  exemplary aspect is described in which the

20 respective sets of information indicating the cell
environment and of information indicating the number of
users, the power of interference from surrounding cells,
and the propagation channel conditions are individually
received at the controller, it may of course comprise

25 an aspect such that +the set of information indicating
the number of wusers, the powef of interference from
surrounding cells, and the propagation channel
condition is received when the set of information
indicating the cell environment is received.

30 (A ninth embodiment)

While an exemplary aspect of variably

controlling the number of chip repetitions and the

spreading factor at the mobile station in a case of



-64 paths, an increase in the spreading factor enables an obtaining of an
I ncreased nmultiple interference immunity. On the other hand, noving on to
S93 in a 5 case that the nunber of paths is determ ned not to exceed a
predeterm ned threshold value (small in S91), the variable controlling
whi ch increases the nunber of chip repetitions while decreasing the
spreading factor by an anount correspom%#m)to t he anobunt of the 10

i ncrease as described above is perforned n other words, in an isolated
cell environnent, as the effect of nultlple access interference becones

relatively |ar s, a.reductiagn of

mul ti pl e- acces%%ﬂ rlf?% ef%gr?i enag?% aﬁ@ &qqsrqa.salg% TaRbBY of

si mul t aneous| ycastesti g usrerasfaleqetEneyiva.ﬁl@:maéﬂ% 05t R9ePH g H%ebgh hi gh
spectral usage (4 ggkhﬁlé$&$ enabl ed. In {he enbodi nent as describ ed
above, while an-exénpla y13§%%tt Ps'ﬂﬁ%ch{ﬁkFﬁﬁfVﬁﬁnﬁmhﬁﬁeOBOfﬂespmctlve
sets of informacrondimgli cat i@ t pLesdld oMBVdIRATENtL AN Of ;] Df QLR | ON

i ndi cati ng he nunber of users, the power of intérference o s8FtBtindi ng

cell's, t hEBPEPEGRt Port T1RAABI Yondf temwidiage whetiherdual lsyricecei ved
at the controlkeé hisdY Of 1By SEoL O | spect such that the set
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of information indicating the nunber of USeéers,
from surroundPRg ¥ | sontard lting pmfgma:gfamon O:Iepbfleéd (fQBﬁll tien bhsgd ecei ved

30 (A ni nth enBotnant FRRTAST BRerbrarh Hapeet L omteabi selont rol | ng
t he nunber of ehvproreesttisti ons and t he
10 FIG. 41 is a schematic diagram of an overall
confiquration of a wireless transmission system and a
configuration of a mobile station 60 according to the
present embodiment. The controller 68 which is an
element -specific to the mobile station 60 determines
15 whether the strict transmission timing control needs to
be executed based on one of the sets of information
indicating the number of mobile stations (mobile
station 200 in the present example) simultaneously
connected to the base station transmitted from the
20 base station 100 as the external apparatus, controlling
information indicating the power of interference from
surrounding cells, and controlling information
indicating the propagation channel condition {for
example, the number of multi-paths). More specifically,

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

(1} A case in which the contrelling
information from the base station indicates the number
of simultanecusly-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 to determine

whether that number of mobile stations exceeds a



spreading factor at the nobile station in a case of -65- applying chip
repetition and transmssion timng control in an isolated environnent is
described in the eighth enbodinment, in the wireless transm ssion system
according to the present enbodi nent, the nobile station 5 conprises a
function of determ ning whether a strict transmssion timng control needs
to be applied based on the controlling igdormation reported fromthe base
station regardless of the nmulti-cell/isolated cell environnents, 10 FIG
41 is a schematic diagram of an overall configuration of a wreless

transm ssion sysedatantireed CORfégHaIA | o f. amgPlid e st ald og} ?C oy di ng
to the present enbodi nent. The controller 68 which is an enent specific

to the nobil e- C8F5t i SR t60t et SMRPRES Of5 DRtiifer Statalogisr | excaadansai ssi on
timng control pregdsei: 544 A 0op.o of .t set,s of.
n ehflined® & g rmgli Bo0B% Ofo ' B K9 ET4PEEi on 200

information indicating the nunber of e stations (no
in the present aéxarﬁﬁ"é-)‘@mc?ruIllaageowsirrgnercmﬁesﬁaﬂtaebhelpasﬁzﬁs&hgon

transmtteds fr e e St 100 as_the_ _external apparatus,

control ling g%%grat F‘gn %dll%ata%i(gﬂt BB o i6F | PisEHe LiBHRY
surroundi ng Cebbatr@hdlsoménﬂdmﬂg g OtHatl @Re |§gdeca(t)#,&gagllaﬁsprac§)agat i on
channel condi t| 0 e, the nunber of nulti-paths).

specifically, 25%t ﬁeeqﬁ‘r%gﬁ’é i OSpEPih P8 REFOAMRY - t It h@théromhaqls as 30

whet her t hat nuirbler Of 18804 | ausbat | @FS EreedSeigs | L_,Ifgé(r:%ag%d in FIG 42.
(1) Acase in whﬁ%h the controlling information fromthe base station

i ndi cates the RERbeF™INE thenstanebudrprastesiomgtising control
10 diminishes so as not to apply such controlling.

On the other .hand, moving on to S$103 in a
case that the number of mo.bile stations is determined
not to exceed a predetexmmined threshold valve (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 statior indicates the power
of interference from the surrounding cells

In FIG. 41, in S1ill, the mobile station

receives the information indicating the power level of
interference from surrounding cells so as to determine

25 whether that power level of interference from
surrounding cells exceeds a predetermined threshold
value. Moving on to S112 in a case that the power of
interference from surrounding cells exceeds a
predetermined threshold value (laxge in S111), no strict

30 transmission timing control is performed so as to
perform the related-art DS-CDMA operations. In other
words, with a large power of interference from

surrounding cells, the effect of performing the strict



In FIG 41, in SI01, the nobile station receives the nunber of nobile
stations sinultaneously- connected to the base station so as to determ ne
-66 predeterm ned threshold value. Mwving on to 5102 in a case that the
nunber of nobile stations exceeds a predeterm ned threshold value so as to
be determned as "having a | arge nunber of sinultaneously-accessing 5
users" (large in SI01), no strict transmssion timng control is perforned
so that the sane operations as the related-art DS-CDVA are performed. In
other words, wth a |large nunber of users, the effect of performng the
strict transm sgi e I l4M ni.shes_.so as_not to apply such
control ling. On tbﬁgm%%%%cg}ghg%g%ﬂ%sgyﬁag%ln tﬁgaﬁ Tn 2°cdfe at %Phe nunber
of nobil e stat@ERdyi sSuddt erontrmdlingt to exceed a predetermned threshold
value (less in S101), t?e ‘i}%ﬁbiﬁﬁd use of the related-art DS-CDVA and 15
the strict transmission Tinriy QoMtT oPerd: af9VERE. 9Fn B8 hétldorids, awith a

| arge nunber oktadserthat hehe ebbpet off pPerdfrabRdest rdreh té‘.lﬁ:q_%% \%ﬂ?n timng
control e ancei so .,as to apply such controlling (2) A case In ch the
control | i ng’ 20°Fhtdr et | SR Bmeeheiha§el bt Atorite ngkceeds at he power  of

nterference Tooguébermitidoutmlididose it FiGartl shNsalll, tdhg mobile
station receives the information indicating the power Tével o?h
i nterference fFEAPERAT 0UREI ME cthe s redatedtartdeDerCiMe =25 whet hefritdrat

Phroshol d- val terfbu notons P TOH BT B3 Epiiefhe Thouendg “words,
interference fVohisurrbangk ngowet | sfexipmas saenps edriRr rdutaduhhigghol d
val ue (large '@eisf'g',l) +hl0 St gt 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 8$121, 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 value. Moving on to S§122 in a
case that the number of paths exceeds a predetermined
threshold wvalue (large in S121), no strict transmission
timing contrel is performed so that the related-art

25 DS-CDMA operations are performed. In other words, with
a2 large number of paths, the effect of performing the
strict transmission timing control diminishes so as not
to apply such contrelling.

On the other hand, moving on to 5123 in a

30 case that the number of paths is determined in 8121
not to exceed a predetermined thresheld value {less 1in
S121), the combined use of the reiated-art DS-CDMA and

the strict transmission timing control is applied. 1In



30 transm ssion timng control is performed so as to performthe

rel ated-art DS- CDVA operations. In other words, with a | arge power of
interference from surrounding cells, the effect of performng the strict
-57 transm ssion timng control dimnishes so as not to apply such
controlling. On the other hand, noving on to S113 in a case that the power
of interference fromsurrounding 5 cellsggs deternmned in S11I not to
exceed a predeterm ned threshold value (small in S111), the conbined use
of the related-art DS-CDVA and the strict transmssion timng control is

applied. In ot hathedwOrwiSeds W ficra har @ noweimdy | BEerferencefs ofkso v
surrounding 10 cells, the effect of performng strict transm ssion T i ng
control enhanc&E sBEEECTY.Ngy pF{Tiakc htrammisslibhngtini8y Acwds®li n whi ch t he

controlling infgepationsSrom the %@Z@ 3%@&%&0;&}_@%@%@% the 15 propagation

channel conditions (such as the nu l')g'l n FIG 41, in
5121, the nobile stationInrdde vesvdrih | afdr thei cighnlli catbdmmbRes as

propagationg c L nditiaons such as the number of paths so as 20 to
det er ni ne whet %&Qﬁg&n%g% of? hse@‘gaé‘cﬁé' £SRFCEdetTaT Aetctihesshol d
val ue. Myving dn twhiI?2the @eteafienifitdn { Be RNEREEr OfrHRAL hguaxCegds a

predeterm ned threshold value (large in 5121), no strict transm ssion
timng control “S§ Ber¥or M289% 0% hatmalde il eadonmed 28tDSHEDVA oper at i ons

are perforned. cotebiesr WRdSyhaM §8n; Ae | AEGE; 2, of .paths, the effect of
perforning the strict transm ssion %Jl?em ng g’hn pg?&%f m‘l% JRE SSTBESOr to
app' y such COI’]PPQ'?#Rﬁ‘ft of determlning +he number of users at the

10 base station side so as to report such determined
result to the mobile station.

As described above, according to the ninth -
wireless transmission system, the mobile station
contrels the number of chip repetitions and the

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

20 spectral usage efficiency.

(A tenth embodiment)

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

25 the cell environment reported from the base station.

{An  operational mode 1)

Multi-cell environment: DS-CDMA

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

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

and the frequency-domain equalizer as illustrated in



On the other hand, noving on to S123 in a 30 case that the nunber of paths
Is determned in S121 not to exceed a predeterm ned threshold value (Iess
in S121), the conbined use of the related-art DS-CDVA and the strict
transm ssion timng control is applied. In 68 other words, with a small
nunber of users, the effect of performng strict transm ssion timng
control enhances so as to apply such carggolling. In the seventh and the
ei ght h enbodi nents as 5 descri bed above, Wwhil e exenplary aspects are
described in which the determ nation of whether the nunber of users is

| arge or smal |l FI15.pesd ornegutt FRE. @@ntroller of the nobile station side,
It nmay conprise an aspect of determ ning the nunber of users at the 10
base station side so as {&nreperatiercl dmdds n2hed result to the nobile

station. As described a . rding to the ninth wreless transm ssion
system the nobile stat ﬁglyn&lc%%g?ol?‘gﬁgnﬂﬁ%er Bgpedniqy Pépeb®i ons and t he

15 spreadi ng f thet orranzmiacceor dapeeivkt tsueh mggkgggﬁgst%nunber of
users, the power gf interference from surrounding cells, an e
propagat i o’ ch&RReF ! HEREbythe { Relioiacd ficatsErmbhiny esodappr essi ng

interference to a mni meBlaeval &M 13SehP;idRRYE resul t.ot 0
spectral usage§gf ficiency. (Atenth en%od} mente) I'nabt%h%dvm C'r;}gl Eé"gsesmg’

transmission s ?erﬁ%@ﬁ‘?ﬁfﬁ’@ 2pplife ghepernepstbdiémernd theoswbil e
25 the col | enyitamment Fepor o 1f o tha bt B0 r R nAE ogeratsona
node 1) Mil ti-EBR| Sy 9tafriem - mDS:iCPAh  signal by applying the
10 multi-path interference canceller, the chip equalizer,
and the frequency-domain equalizer as illustrated in
FIG. 44 through FIG. 46.
(An operaticnal mode 3)
Multi-cell environment: Based on DS~CDMA,
15 the transmitter applies strict transmission timing
control and the cell-specific scrambling code.
Isolated cell environment: Based on DS-CDMA,
the transmitter applies strict transmission timing
control and the cell-specific scrambling code.
20 (An operational mode 4)
Multi-cell envircnment: DS-CDMA
Isolated cell environment: Based on DS-CDMA,
the transmitter applies strict transmission timing
control and the cell-specific scrambling code.
25 As described above, using the wireless
transmission system according to the tenth embodiment,
the mobile station uses the controlling information
indicating the cell environments as described above to
switch the operational modes based on the cell
30 environment. Hereby, the mobile station enables an
efficient reduction of interference so as to improve

the spectral usage efficiency.

(A variationm)



| sol ated cell environnent: Based on DS-CDMA, the transmtter applies chip
repetition and | oose 30 transm ssion timng control, while the receiver
renoves the own station nmulti-path signal by applying the nmulti-path

i nterference canceller, the chip equalizer, and the frequency-domain
equalizer as illustrated in -69 FIG 44 through FIG 46. (An operational
node 2) Multi-cell environnent: Based on;@S-CDMA, the transmtter applies
strict transmssion timng 5 control and the cell-specific scranbling
code. Isolated cell environnent: Based on DS-CDVA, the transmtter applies

chip repetition and | cosmillel afiedl $8b08 tdnBoRYmSRHL I e receiver
renoves the o station nulti-path signal by rzri‘p plyi %és%#gélothgl ti-path

i nterference cafER¥| &f, ‘%%r@ﬁﬂ—anéql}'éﬁ z‘eransna.rsélbhe tHrdggenas denai n

equal i zer as i tLakpdnf g El.G 46. .(An operational node
3) Miulti-cell envi rol?rrtggit ”sB%dg:!eag‘s 3 h’ Oblfg thE Y RRsnTq t 85 45l i es

strict transm 38%orthei rﬁﬁ@l\f@dnttm:@md athetb.el Ibmecsfa@cﬁprg@mdlm code.
| sol ated cqgf | oRgEN e DSCDI\/A the transmtter applies

strict transnissi o% tf@n tﬁrgb§§%nt 7o l&ﬁ‘ﬁ t He% ePFE§i-ci L PEERERIbYOWGE code.
20 (An oper at i Botal on@ﬂeb@ 1ihitea cebl w@Ryi SIORFENERLEBIAA | splat ed cel |

environment: Based on DS-CDMA__ the transmitter applies st7i‘ct tfansnission
timng control Ahd™fhe CIPCiSPed f FarierunbEi nprdotiéones As descri bed

above, using the wirel essarthbansya S§h0r\:b?é/5£${%@ﬁqcoégbﬂ%nmenthebme.l.r¥h
enbodi ment, 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 propagatien delay time difference so as
to be enabled to communicate directly, the +terminal 2a
receives a transmission timing control information from
the base station so as to report the transmission
15 timing control information as described above by this
terminal A communicating with the terminal B. Hereby,
the base station is enabled an omission of the
process of transmitting a contrelling signal to a
mobile station neighboring a mobile station %o be a
20 target of transmission timing control so as to
efficiently utilize the wireless resources.
The present application is based on
Japanese Priority Patent Application No. 2003~
196748 filed July 14, 2003, with the Japanese Patent
25 Office, the entire contents of which are hereby

incorporated by reference.



the nobile station uses the controlling information indicating the cel
environnents as descri bed above to switch the operational nodes based on
the cell 30 environnent. Hereby, the nobile station enables an efficient
reduction of interference so as to inprove the spectral usage efficiency.
(A variation) -70 Wiile the above enbodi nents describe the forns of
controlling the transm ssion timngs of -btRe transmtting signals at the
nobile stations so as to set the received timngs at the base station
coincide 5 anong the nobile stations, the present invention would not only

be limted to whET a®\ergrbedigents, but also may conprise a variety of
variations. Furthérnore in the network environment built tenporarily on
dermand (referred to as an ad-hoc 10 network) , in a case of a termnal A
and a terminal B having a small propagation delay time difference so as

to be enabled to conmmunicate directly, the termnal A receives a

transm ssion timng control .information from the base station so as to
report thes;ransnission 15 timng control information as descri bed above by
this term™al A conmmunicating with the termnal B. Hereby, the base

station is enabl ed an onissi an gipiiRe PEOCRSS £rt&&Q§TL§%%pg a controlling
signal to a npbile station neighboring a nobile station he a 20 target

of transm ssi oA i8gNt t6l 30 hsseo stdtigrenttly WMS-CDMB the migmdless
Apnli cati on No. 5003 186748 FtFed Hul v 10 AY0RT Wi n PRECHHhesto#5n ont
25 O fice, thecemiysdngontents of which are hereby
10 2 chip-pattern generating unit which generates
oneé or a plurality of predetermined chip patterns by
performing chip repetition to a spreading chip sequence
for a predetermined number of repetitions, thereby
generating a signal comprising said predetermined chip
15 pattern ; and
a multiplying unit which multiplies te the
signal comprising said predetermined chip pattern one
or a plurality of phases specific to said mobile
station.
20

2. The mobile station as claimed in claim 1,
25 wherein said chip-pattern generating unit, in
accordance with a data rxate specified by the mobile
station, assigns to the mobile station at least one
of one or a plurality of said chip patterns and one
or a plurality of said phases.
30



I ncorporated by reference. -71 WHAT IS CLAIMED IS: 5 1. A nobile station f
or wirelessly transmtting to a base station by DS-CDVA a signal which is
spread by nultiplying a spreading code, conprising;, 10 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
predeterm ned nunber of repetitions, thers@gby generating a signal
conprising said predeterm ned chip 15 pattern ; and a nultiplying unit
which nultiplies to the signal conprising said predeterm ned chip pattern
one or a plurality of pRasesThpamifile tetsgich M@bidkimeHaih oaidP 12- The
nmobi | e station as clainmed in ilainyl, 25 wherein said chip-pattern
generating uni 2T e COFdalEet I NE qubat r A tdPpAérsi b biFheheshgml e

station, assigesmbeiditey Mayilee e as e e qr. a urality
of said chip patrgﬁern_sma%nd one Ci)ir:@g g?ﬁﬁfy %}%ﬂ;ai%é){)tﬁgges??l%o =72 Eg The
nobi | e st ati onPadr&Hdidre®Li nPBRER m Sequenisesei APeRE il ttopl pand umbbile
multipliesdgo the-signal conprising said predeterm ned chip pattern one or
a plurality of phase sequences specific to said mobile 5 station.

10 4. The mobile station as claimed in claim 1,
further comprising:

a variable controlling unit which variably
controls at least one of a spreading factor of said
spreading code and the number of chip repetitions, a

15 scrambling code which is multiplied to the spreading
chip sequence, and the phase sequence specific to the-
mobile station; and

an external controlling unit which controls,
based on a set of controlling information, at least

20 one of said spreading factor and number of chip
repetitions, said scrambling code, and the phase

sequence specific to the mobile station.

25

5. The mobile station as claimed in claim 1,
further comprising a multiplexing unit which
multiplexes a plurality of channels which are

30 multiplied, when performing the chip repetition for the
predetermined number of repetitions, by different
spreading codes,

said mobile station performing, after said



10 4. The nobile station as clainmed in claim1, further conprising: a
variable controlling unit which variably controls at | east one of a
spreadi ng factor of said spreading code and the nunber of chip
repetitions, a 15 scranbling code which is nmultiplied to the spreading
chi p sequence, and the phase sequence specific to the nobile station; and
an external controlling unit which contrgl3s, based on a set of controlling
information, at |east 20 one of said spreading factor and nunber of chip
repetitions, said scranbling code, and the phase sequence specific to the
mobi | e st ati ormul25ifdexing, noftid eclsimt irepe8stfdmi ned in claim1, further
conprising a multiplexing unit which nultiplexes a plurality of channels
which are 30 nultiplied, when performng the chip repetition for the
predet er mi ned nunber of repetitions, by different spreading codes, said
nobil e station performng, after said -73 nultiplexing, the chip
repetition. 5 6. The nobile station as clainmed in claim1, further
conprisingsa transm ssion timng control unit which controls transmtting
timngs of transmtting signals so that timngs of receiving at the base
10 station fromrespectiée rm‘ﬁné anobiidei cssatdenncigielaihed. idhaampbnl e

station as C|%hﬁ§§1ln cl aim wherein said transn ssion timn contr ol
unit conprises pfé?%ﬁgtlﬁnrﬁfqgﬁﬁﬂﬁﬁFoQunﬁlWMﬁgchC@Bﬁ?@ | sursidi d

which controls transmitting timings of transmitting

signals so that timings of receiving at the base

10  station from respective mobile stations coincide.

15 7. The mobile station as claimed in claim 6,
wherein said transmission timing control unit comprises
2 low-precision timing control unit which controls said
transmitting timings of the transmitting signals so as
to contain time differences among the timings of

20 receiving at the base station from the respective

mobile stations.

25
8. The mobile station as claimed in claim 6,
wherein said transmission timing control unit comprises
a path-standard type timing control unit which performs,
based on first paths, the transmission timing control
30 so that said first paths are received at the base

station at same timing.



transmtting timngs of the transmtting signals so as to contain tine
differences anong the timngs of 20 receiving at the base station fromthe
respective nobile stations. 25 8. The nobile station as clainmed in claim
6, Wwherein said transmssion timng control unit conprises a

pat h- standard type timng control unit which perforns, based on first
paths, the transm ssion timng control 39gso0 that said first paths are
received at the base station at sane timng. -74 9. The nobile station as
claimed in claim 7, further conprising a timng control switching unit 5
whi ch, when receiving a set of controlling information indicating a cel
environment, selects, based on said cell environment, one of the

| ow-precision timng control unit and a hi gh-precision transm ssion

control unit which contyrols ansm tting timngs_of 10.trgnsmttin
signals so that a tine ?i'fferfelglecemgbli%egstﬁé:sl@nst%?i a&%ag 7 i f
receiving fromtheurthbrr| ecaipatiisdngappr adeties zeswtrchS §Q:itdRehd™Rinke
station as clau%aﬁﬁin claiml1,  further con&g{sing a guard interval
i nserting Onit rch"RER e BSeLViREr @ i Atkr E@FtEﬁﬂﬁﬂﬁat%%ﬁqﬂﬁﬁﬂgo whi ch
the chip repetifdieathiagpesf afdrad EfvitditnenR edgbesiiedpauahersPf <o4q
repetitions 25 11. The nobile station as clainmed in claiml, ?urt er
conprising a Siig paPREFFPIIERGE h s&q i ngfunithe whiewrprecd sibased iovingi ne
difference at ddit-Raseuntt R 9f ki Hecabibros Ml LM " SRREL Ve
i
unit which controls transmitting timings of
10 transmitting signals so that a time difference at the
base station among timings of receiving from the

mobile station approaches =zero.

15

10. The mobile station as claimed in claim 1,
further comprising a guard interval inserting unit
which inserts a guard interval per chip pattern to

20 which the <chip repetition is performed for the
predetermined number of repetitions.

25
11. The mebile station as claimed in claim 1,
further comprising a chip pattern length setting unit
which sets, Dbased on time difference at the base
station of timings of receiving from respective mobile
30 stations, length of «chip pattern to which the chip
repetition is performed for 'the predetermined number of

repetitions.



30 stations, length of chip pattern to which the chip repetition is
performed for the predeterm ned nunber of repetitions. -75 12. The nobile
station as clainmed in claiml1, 5 further conprising a pilot-signal
transmtting unit which, after nultiplexing to a transmtting signal a
pil ot signal having known anplitude and phase, perforns said chip
repetition. 10 13. A nobile station for-Wprelessly transmtting to a base
station by D5-CDVA a signal 15 which is spread by multiplying a spreading
code, conprising, a high-precision transmssion timng control unit which
controls transmtting timngs of transmtting signals so that a tine
difference at the 20 base station anong timngs of receiving froma
plurality of nobile stations approaches zero. 25 14. The nobile station as
claimed in claim13, further conprising a determ ning unit which, based
on at |east one of an information set _indicating nunber of nobile stations
si mul t aneousl y 30 connect®d to HhReMphite ssapitapn wis klrdmedpon takrimr dm  an

out si de soyr Cexy@heNf OkdRIJQAngEL 4 Ndi g%tn&ﬁ}g r | Lfere from
surroundi ng cells, and aér;@i nP’ggrrat i onbset in cgi ngpén%ﬁ)t%éégt i gﬁﬁghannel
-76 conditionwigchs. Afbase mukitiplexingi chobase wtasmanting cspabile af
cormuni cati ng p\%ltohc asfgrpalll ehgxtr%:[lgl Or]-]:ho&rrqe amplitude and phase, performs

said chip repetition.

10

13, A mobile station for wirelessly

transmitting to a base station by DS-CDMA a signal
15 which is spread by multiplying a spreading code,
comprising,

a high-precision transmission timing control
unit which controls transmitting timings of
transmitting signals so that a time difference at the

20 base station among timings of receiving from a

plurality of mobile stations approaches =zero.

25
14, The mobile station as claimed in
claim 13, further comprising a determining unit which,
based on at least one of an information  set
indicating number of mobile stations simultanecusly
30 connected to the base station which is reported from
an outside sburce, an Information set indicating power
of interference from surrounding cells, and an

information set indicating a propagation channel



base station conprising, a controlling-information transmtting unit 10
which transmts to the nobile station as a set of controlling information,
an information set indicating an environment of a cell which is resided by
the nobile station, or an information set indicating power of
interference fromsurrounding cells, or an 15 information set indicating a
condi tion of propagation channel; and a7geceiving unit which receives a
signal transmtted fromthe nobile station, based on said set of
controlling information, via a variably-controlling 20 process of a
spreadi ng factesndion.nunber of chip repetitions. 25 16. The base station
as clainmed in claim 15, further conprising, a received timng neasuring
unit which neasures timngs of receiving fromrespective nobile 30
stations signals which are transmtted fromthe respective nobile
stations; a transmtting timng determning unit which determnes fromthe
timngs of receiving fromthe -77 respective nobile stations timngs to be
transmtted by the respective nobile stations; and a reporting unit which
reports tothe respective nobile stations an information set on the 5

timngs to be transnittad . which gmedekesfidred bwisBi tbadd aRsRtLiLANG i M ng
determning unit. 10 17. . The base station as clained in claim 16, wherein
sai d received $% mfsuiHgUgAFating  with a mobile station, the

base station comprising,
a controlling-information transmitting unit
10 which transmits to -the mobile station as a set of
controlling information, an information set indicating
an enviromment of a «cell which is resided by the
mobile station, or an information set indicating pover
of interference from surrounding cells, or an
15 information set indicating a condition of propagation
channel; and
a receiving unit' which receives a signal
transmitted from the mobile station, based on said set
of controlling information, wvia a variably-controlling
20 process of a spreading factor and a number of chip

repetitions.

25
16. The base station as claimed in claim
15, further comprising,
a received timing measuring unit which
measures fimings of receiving from respective mobile
30 stations signals which are transmitted from the
respective mobile stations;
a2 transmitting timing determining unit which

determines from the timings of receiving from the



measures, using pilot signals transmtted fromthe respective nobile
stations, the timngs of receiving 15 fromthe respective nobile stations.
20 18. The base station as clained in claim 16, further conprising a path
detecting unit which detects a received path having a predeterm ned power

| evel or above for the respective nobile stations, said transmtting timng
determning unit 25 determ nes, based aon-vsaid detected received paths, the
timngs to be transnmitted by the respective nobile stations. 30 19. The
base station as clainmed in claim 17, further conprising an other-station

interference -7éspeRvientndbiille Wot £ drTOV 88 ndY eth enRNCersiedely bypat hs
fromother nobile stations having received timngs which do not coircide;
and an interfefhcESFRASA TR BAPilahistRtiendvesnds jnterference caused, due

to an effect of the propagatggﬁgg??ggglgpg¥ aiggggyege ¥%sin si@mgl

which is transmtted fromsai ion rogramtor WTreless
transm ssi on argRbpecdivenpirehehe atstatiionso annobnfermsttatnonsebi cbn  the

Soread by’ Bul 1oy o s boabr e WS P oy, ARteTmired: . spid
chi p-pattern gersrstitngnguncmiioyg cdetegaiaiagi ngria.predet erm ned chip

pattern by performng chip repetition to a spreading chip sequence for a
20 predeterm ned nunber of repetitions and

10
17. The base station as claimed in claim
16, wherein said received timing measuring unit
measures, using pilot signals transmitted from the
respective mobile stations, the timings of receiving

15 from the respective mobile stations.

20 18. The base station as c¢laimed in claim
16, further «comprising a path detecting unit which
detects a received path having a predetermined power
level or above for the respective mcbile stations,

said transmitting timing determining unit

25 determines, based on said detected received paths, the

timings to be transmitted by the respective mobile

stations.

30

19. The base station as c¢laimed in claim

17, further comprising an other-station interference



a multiplying function of multiplying to the signal conprising said
predeterm ned chip pattern a phase specific to said nobile station. 25 21
A method of wireless transm ssion, wherein a nobile station which
wirelessly transmts to 30 a base station by DS-CDVA a signal which is
spread by multiplying a spreading code, the nethod conprising: a
chip-pattern generating step of generatigg_a predeterm ned chip pattern by
performng chip -79 repetition to a spreadi ng chip sequence for a
predeterm ned nunber of repetitions ; and a nultiplying step of nultiplying

to said mobil 6 orati o 10 15 30 b5 Sonoves BnHERR ARE pelllc
paths from other moblle statioens having received
timings which do not coincide; and
an interference removing unit which removes
5 interference caused, due to an effect of the
propagation channel, by a delayed wave in a signal

which is transmitted from said mobile station.

10

20. A program for wireless transmission and
for implementation into a mobile station which
wirelessly transmits to a base station by DS-CDMA a

15 signal which is spread by multiplying a spreading code,
said program cemprising:

a chip-pattern generating function of
generating a predetermined chip pattern by performing
chip repetition to a spreading chip sequence for a

20 predetermined number of repetitions and

a multiplying function of multiplying to the

signal comprising said predetermined chip pattern a

phase specific to said mobile station.

25

21. A methed of wireless transmission,
wherein a mobile station which wirelessly transmits +to
30 a base station by DS-COMA a signal which is spread
by multiplying a spreading code, the method comprising:
a chip-pattern generating step of generating
a  predetermined chip pattern by performing chip



10

15

20

25

30

-79-~-

repetition to a spreading chip sequence for
predetermined number of repetitions ; and

a multiplying step of multiplying to
signal comprising said predetermined chip pattern

phase specific to said mobile station.

=

a



