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.10
BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to a transmission system,
transmission method, transmission apparatus, and electronic
15 recordingmediumhaving recorded thereinatransmissionprogram,
which are configured to transmit a plurality of signals using
apluralityof carriers between the transmitter and the receiver,
for example, a multicarrier/DS-CDMA.
2. Description of the Related Art
20 The wideband code division multiple access (W-CDMA) and
the cdma2000 have been adopted as the method of a radio access
for the 3rd generation mobile telecommunications system
(IMT-2000). The radio bandwidth per carrier is SMHz for the
W-CDMA, and is 1.25MHz fér the cdma2000. ‘
25 In the mobile communication environment, a radio signal

transmitted reaches the receiver as a plurality of radio signals

(multipath signal) of which each signal has a different




1 19 Decenber 2005 propagation delay due to the effect of buildings and
over-ground objects, etc. |ocated between the transmtter and t he
receiver, called "multipath propagation". Wth respect t path
signal, the direct sequence 5 code division nultiple &[g% elffé

which is the basis of the WCDVA and the cdma2000, resolves a pl urallty of
the multipath signals into independent signals and aligns the phase of the
i ndependent signals so as to conbine theminto one conposite signal (it is
cal | ed RAREagecepridsdpy e thdheestifactopf tiud LEG ngsrrichomer ¢ geosagnal s,
desired signal power_ of the radio signal can be increased, nanely RAKE

ti me- di \‘Péﬂ'jgicﬁ étfectocabrd brévepR- W%W%%@%ﬁﬁﬁéﬁ%@%@w@%cel vi ng

f E | the \WCDVA h th di o bandwi dth of 5MHz,
Phe o eRHe s hoes Uy SOtV g mul 1 path S gnal 15 1o
t | t h di o bandw dt h 1. 25MHz
?’Eg{gi‘(ggg © yW?EE ]{R%érﬁﬁ% P%tbegneuﬁ&e a%?‘gshlaq Oslanrtfgll é ee% %I/M%%IH?WIE% a | arger
nunber o fdeaamm kgt 2By e RELIQIIN pkhen KEJg%%pi%%eefngsﬁy ggly. The

results of experinenta xam natl regar he 1 nprovenent of

recei Vi #gea0. Al LTIBRE BamdPb 68, i:ég@@@é@&?mm%?mﬂwmw@i BaE 0
bandwi dth with the RAKE ti me-di versity effect, have been reported in the

|iteratgignaferihes Rewpdrsienn EighdlEx@ed ida®inins aheCphasenss Migleband
DS- CDVAMDbbi | e Radio (T. Dohi, Y. Ckurnura, and F. Adachi: |ElICE Trans.
Comrun. invepenE8at B;idvee 163 q&paslzegcdxﬂmmemrw in2b 4868)8mpdhiseliterature
shows the results of a field experinent
signal (it is called RAKE reception). As the result of the
10 combining the signals, desired signal power of the radio signal
can be increased, namely RAKE time-diversity effect, and the
D5-CDMA can therefore improve receiving performance.
Especially, since the W-CDMA has the radio bandwidth of
5MHz, the minimum time interval for resolving multipath signal
15 isapproximatelyone fourthof the cdma2000 whose radio bandwidth
is 1.25MHz. Therefore, in the W-CDMA, a received signal can
be resolved into a larger number of paths and thereby perform
the RAKE reception effectively. The results of experimental
examination with regard to the improvement of receiving
20 performance, which is achieved by expanding the radio bandwidth
with the RAKE time-diversity effect, have been reported.in the
literature "Further Results on Field Experiments of Coherent
Wideband DS-CDMAMobile Radio (T. Dohi, ¥. Okumura, and F. Adachi.:
IEICE Trans. Commun., Vol. E81l-B, No.6, pp. 1239-1247, June,
25 Lee98)".

This literature shows the results bf-a field experiment

for transmission of the D5-CDMA radio signal using the radio



for transm ssion of the DS-CDVA radi o signal using the radio 2 19 Decenber
2005 bandwi dth from1.25MHz to 10MHz. In this literature, it has been

reported that the Rake reception is possible with a |ar f
resol ved paths by expanding the radio bandwidth up to %gbﬁ? qﬁ¥%h3§ al so
been reported that, as a result of the 5 above, the receiving performance

of the radio signal can be inproved by the RAKE tine-diversity effect.
Further, in the literature "Performance of Rake Reception in Dense

Mul h el s: | | i t f S di Bandwi dt h d Sel ti

5 ver oobg %GSE oy Pt POy Pl Ro &2 gngsN"i‘%e““r%ug%?Pjem%%;' *lEee
JSAC. 5 525, A | d
Uhat bybSibdi Or'ﬁ Bl F B Rk o i B b eb sr R e oot
'ncreaSEamggg 5@%@%@ 9¢nBef Oé,ggapgd;a thgeraaggob&wf&t iof the DS- CDVA

is inprove reception | d usin ede 1ncr eased mul tipath

15 si gnaks;oMps €OMEr hathd Bsd lﬂe%rna&ubsr%@%&@atast he-BAKE: &+ ngiLdi versity
ef fect decreases as the nunber of nultipath increases, and a level of the

i Mpr overBate of thberéassi Mg Gerrorhanaanse aebi exeth hy: el RAKE be
time-diversity effect becones saturated. Incidentally, in this literature,

Si nce i imhasvééeny 2thassed imMeaidiactrsiitngedfettie respecti ve resol ved
mul ti path signals is known, consideration to the accuracy of path timng
det ecti on havieurigiethedn tgievkiterggwaeet Perfomparast ofRassBeeapieiin in a case
where large nunbers of the nuItHPath signal s are observed due to expansion

25 of t hBDeagedidddarithnangeds|: timpdiratarR e odriireadinerianiridh
and Selection Diversity Order (M. Z. Win, G. Chrisikos, and N.R.

10 Sollenberger: IEEE JSAC.c vol.18, No.8, pp, 1516-1525, Aug.,
2000)”,ithasbeenanalyzedthatbyexpandingtheradiobandwidth,
the number of the multipath path increases and the receiving
performance df the radio signal of the DS-CDMA is improved if
RAKE reception is performed using these increased multipath

15 signals. Moreover, this literature shows that the RAKE
time-diversity effect decreases as the number of multipath
increases, and a level of the improvement of the receiving
performance achieved by the RAKE time-diversity effect becomes
saturated. Incidentally, in this literature, since it has been

20 assumed that a timing of the respective resolved multipath
signals is known, consideration te the accuracy of path timing
detection have not been given.

However, in an actual environment, in a case where large
numbers of the multipath signals are observed due to expansion

25 of the radio bandwidth, a multipath interference (hereinafter
referred as MPI) which the respective signals interfere each

other at the receiving unit occurs. Due to the MPI, signal power



referred as MPI) which the respective signals interfere each other at the
receiving unit occurs. Due to the MPI, signal power 3 19 Decenber 2005 per

pat h decreases and it causes that the accuracy of the Rgfg tig@;2$05
detection for respective paths becones deteriorated. I eout t'he
accuracy of channel estimation, which estimates volunme of a fluctuation
occurred on the radio link based to the 5 detectedsignal, becones
deteriorated accordingly and it affects the receiving performnce of the
radio signal at the receiver. Considering the above situation, in the

literat " ' | uat i t i f or  Broadband
D o PR raeEoh s R MR AGY AR RUE 68 MRL datp P b
| EEE VTG 19ahignGie tRR+ i 4848018585 p2000)e . pd hes ayaldiald ek Haas hagRgmade for

t he receiving performance under the RA reception taking into account of
t he accwoaeyvel ,t bee paddurdddy 6@ clieinct eerinaatwehl @sidheseharnels
estimation by conducting a |aboratory experinent for transm ssion of the
. DS- CDVA vicddime 46 & faighabtiusn ngcari@dMiz thandadtd R.inkcbasdingp ttaest he
experinental result, it has been stated that in a case where the nultipath
exi sts idetesity dsdrapa Inuvtreame sed¢ gmio it edrc R nd hvearfl k& efifegtsef f ect
tends to get saturated or decreases due to the MPl and the deterioration
of the &ERUFAEHLGINY MELFLREMANCH Py Tt BRELDF IV adt e Ta€edf8Taccur acy of
t he channel estinmation. cordingly,,.as for the - transmssion, it is
consi dered th Pnﬁﬁéﬁﬁb?%p ?%I%k?é%ﬂ%}qﬂﬂ%ﬁﬁﬁdtangﬁeb EEFQ?HFﬁed based on
the rel atiBnshl R, PEL N BRSO T CHRTRN: 0id REco{ PELRYL Y RELLRRMNCE Of
Ignal’,

the radi o ich’is achi eve
DS-CDMA Mobile Radio (T. Ikeda, K. Okaga, M. Sawahashi, and F.

10 Adachi: IEEE VTC Spring, pp. 1849-1853, 2000)", the evaluation
has been made for the receiving performance under the RAKE
reception taking into account of the accuracy of the path timing
detection as well as the channel estimation by conducting a
laboratory experiment for transmission of the DS-CDMA radio

46 ~ signal using a 100MHz bandwidth. According to the experimental
result, it has been stated that in a case where the multipath
exists in very large number, a level of the RAKE time-diversity
effect tends to get saturated or decreases due to the MPI and
the deterioration of the accuracy of the path timing detection

20 as well as the accuracy of the channel estimation.

Accordingly, as for the DS-CDMA transmission, it is
considered that an appropriate radio bandwidth can be determined
based on the relationship between the improvement of the
receiving performance of the radio signal, which is achieved

25 by the RAKE time-diversity effect, and the deterioration of the
receiving performance due to increase in the MPI as well as

decrease in a signal power per path.




25 by the RAKE tine-diversity effect, and the deterioration of the

recei ving performance due to increase in the MPl as well as decrease in a
signal power per path. 4 19 Decenber 2005 Conventionally,_ as for ‘
considerations to a nobile conmunications system appr"éﬁmi}'zggéer al
megahertz (MHz) of bandw dth was adopted even at maxi num However, it has
been expected that a transm ssion rate 5 of nore than several tens of Mps
be achi eved even in the nobile comrunications system It is therefore
anticipated that the radio bandwi dth to be assigned for the nobile

comuni cat i onSyn&yst &SRa My | dae rexpandedaapdtibnkStHi ghhobpassi bl e that
several tens to 100MHz, or nore, of radi o bandwi dth be assigned for the 10

syst em chfin@n CASEL INE Iy saepi, NgpPi bRikhAee Expansireil ekgbhertad{iz bandw dt h
by using the multicarrier/DS-CDVA as the radi o access, -there is the
probl emvf haandied € fverd aadoptesl rawino alti meximgpeci fically the probl emthat
due to the MPI, the receiving performance of the radio signal greatly
vari es dependioueeY  ddi bassbpandekpr ¢t eerthady & ranpmessieherdtfrber of
carriers. BRI EF SUMVARY CF THE | NVENTI ON The ‘Pr esent invention has been
mades i no§imeeoEhERe exisERe tPR DIESIRDS LR E MRV RS VAR UhFEEtMYR 1T ovi de a
transm ssion system 20 transpjssion nmethod, transm ssi op, appgr at us, and

el ect r oRPEMRREGT Ut 3 FEd W -hatt nt® retorded & ﬁélFelFﬁpg%FPansm ssion program
whi ch decp £ase, the S 46! o8l 2 L0E M £ GonaHb1 8CCHmMEDa e fopSM (L INg a
plural i t§“of S|gnalls using a plurality of carriers etween the transmtter
and t hes§'§9§1h,v%riltlobé herehbvebedld 48 198 ighly possible that several
tens to 100MHz, or more, of radio bandwidth be assigned for the
10 system. In a case where coping with the expansion of the radio
-bandwidth by using the multicarrier/DS-CDMA as the radio access,
lthere is the problem that the effect on the radio link,
specifically the problem that due to the MPI, the receiving

performanceoftheradiosignalgreatlyvariesdependingonradio

15 bandwidth per carrier, i.e., the number of carriers.

BRIEF SUMMARY OF THE INVENTION

The present invention has been made in view of the above
problems, and thus has anobject toprovidea transmissionsystem,
20 transmission method, transmission apparatus, and electronic
recording medium having recorded therein a transmission program
which decrease the effect of the MPI, etc. which occur when
transmittingapluralityof signalsusingapluralityof carriers
between the transmitter and the receiver to thereby realize the

25 transmission of a high guality of signals.
To attain the abowve object, the present invention has

feature of determining the number of carriers based on the result



25 transm ssion of a high quality of signals. To attain the above object,
the present invention has feature of determ ning the nunber of carriers
based on the result 5 19 Decenber 2005 of estimate of rﬁp'o Iinﬁ 005 '
characteristics between a transmtter and a receiver i e%%%%?ﬁ%ere
transmtting a plurality of signals wusing a plurality of carriers between
the transmtter and the receiver. 5 Incidentally, in the present
invention, the characteristics of the radio link are estimted according
to differences in delay time of nultipath signals and the nunber of the

nul ti patdy Pat st I8l feaildl 2ERicdha@Rctblb 1581 BE &fRfRE a tthahsklie taynber of
carriers is decreased when the MPI is snmall, io and the nunber is increased

when t henkRl réSe greatin a ACSOWHERG thankhe tRia§eNnd Lurventy 60 sikha1BAKE
time-diversity effect is effectively gained by inplenenting an appropriate
nunber ofsicgraiEhscdiased ofncaheiees dtwifereshentatansaft tdrwe ansiditbel | nk
characteristics, and receiving performance 15 of the radio signal is

i nprovedegeédrdingly. According to the present invention, the plurality of
signals is nmade b% converting a serial signal streamto plural signals and

spreadi ng t helBFyRantsaliner it orle Hqﬁ§ﬁ§ig ©ntifGenth8n is applicable to
DS- CDVA. . 20 According to tQﬁ}pé@ﬁen&.iEventioqg_itE%g %r%fﬁﬁred that the
nunber 6PAEAFFFBFECTES ¢t ot el 16y 1-BReT YT iy HUHh ACSTGRAPT Wi ch has
?iesﬁnnzpird?gﬁ?¥?eﬁ,§p%‘g?\degrl%?"i ggﬂg%@ﬁg@&%‘ytﬂgswﬁaﬁ% ved shapal whose
of the multipath path signals. In addition, it is preferred
that the number of carriers is decreased when the MPI is small,
10 and the number is increased when the MPI is great.
According to the present invention, the RAKE
time-diversity effect is effectively gained by impleménting an
appropriate number of carriers baéed.on the result of estimate
of the radio link characteristics, and receiving performance
15 of the radio signal is improved accordingly.
According to the present invention, the plurality of
signals is made by converting a serial signal stream tco plural
signals and spreading the signals. Therefore, the present
invention is applicable to DS-CDMA.
20 According to the present invention, it is preferred that
the number of carriers is determined by receiving a spread signal
which has been spread by a spreading code, despreading the
received signal whose timing 1is shifted, generating a delay
profile based on the despread signals, selecting paths which
25 satisfy a prescribed condition according to the delay profile,

and estimating the characteristics of the radio link based on

the selected paths.



profile based on the despread signals, selecting paths which 25 satisfy a
prescribed condition according to the delay profile, and estimating the

characteristics of the radio |ink based on the selecte@,B@%Qﬁbeéﬁohg
Decenber 2005 Thus, in the circunstance where a received radi o signal has

variation of delay tinme due to nmultipath, appropriate spreading and

sel ection of the paths which satisfy the prescribed conditions are

achi eved. Consequently, the nunber of carriers s can be determ ned easily
and accurately according to the valid paths even in such circunstance.

Accordi ng to Hihes prigsent &ivanid @hed kbetdel @y-ddofdd® radiogeNerat ed
according to a pilot synbol whose anplitude and phase are known in the

transm tdervanih t ot hee raceiwarinelug, tbomastipathngaphecghbatet eri stics of
the radio link is performed accurately. According to the present

- i nventsmreadirey ehdsadeertisticdsthopathe whadhe dtisk vartes ps¢somieeld on a
periodic basis. Thus, this periodic change allows determ ning the

appr opréendl imbearefag¢lsieend i efoncedpent et theceeskey @ LepAFGERTHf t he
radio link characteristics and thereby fallow ng_the changes of .the
charfact@dt 6 detprrined (Aast lagnérac %I@l@E%@ﬁPg‘?’Pﬁﬂl t(ﬁ:tﬁ’lglE’%ﬁFERAL VI EW8
OF THE W NGS 20 Fig. .1 is a schematic diagram show ng a transm ssion

net hod P& r?ﬁ?&;%Q)%ﬁqq|95;95%5§3Pﬁ§ﬁt of the present invention, Fig. 2

o7 Pk, CFSEAR S0 B CAREI A 4 018 ASAIPBLbESE 9paralys i
generated according to a pilot symbol whose amplitude and phase
are known in the transmitter and in the receiver. Thus,
10 estimating the characteristics of the radio 1ink is performed
accurately.
According to the present;invention. the characteristics
of the radio link are estimated on a periodic basis. Thus, this
periodic change allows determining the appropriate number of
15 carriers to reflect successive changes of the radio link

characteristics and thereby following the changes of the

characteristics in a timely manner.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
20 Fig. lis aschematicdiagramshowinga transmissionmethod
according to a first embodiment of the present invention;
Fig. 2 is a block diagram showing the configuration of
‘a transmitting apparatus in the transmission system according
to the first embodiment;
25 Fig. 3 is a block diagram showing the configuration of

a receiving apparatus in the transmission system according to

a second embodiment of the present invention:




to the first enbodinent; 25 Fig. 3 is a block diagram show ng the
configuration of a receiving apparatus in the transm ssion systen1
according to a second enbodi nent of the present |nvent+ g nber
2005 Fig. 4 is a flowhart showi ng the process of the ré€ gF%lng appar at us
in the transm ssion system according to the second enbodinent; Fig. 5is a
bl ock di agram showi ng the configuration of s a receiving apparatus in the
transm ssion systemaccording to a third enbodinent; and Fig. 6 is a

fl owchart shomﬁng the process of the receiving apparatus in the

art. di
DESCR! P11 ON GEEHE TR G St S A B e A s e e =
Transm § L on, (et hlh i %'r'aﬁmn?%sx@ﬂ R 0fi nlgheot FRESHASSH@N et hod

1s accor ng to the present 1nvention wll be described. Fig. 1 shows the
concept o P sd et ansm ssi on net hod according to this enbodinent. The
frequency spectruns of DS-CDMA signals which are transmtted by an "
pi eces of parmidels Gar & BLSCRI @i sdoan sHawikiggthe. c@0f Therat ansmBSsi on
met hod according to this enbodinent is applied in a case where
transm & tieng iy iplgunabietgtob kn ginel srassnygsskoplaysdlent gcoprdangier s bet ween
the transmtting apparatus and

a third embodiment; and

n

Fig. 6 is a flowchart showing the process of the receiving
apparatus in the transmission system according to the third
embodiment.

10
DETAILED DESCRIPTION OF THE INVENTION
[First embodiment]

Outline of the Transmission Method

Hereinafter, an embodiment of the transmission method
15 according to the present invention will be described. Fig. 1
shows the concept of the transmission method according to this
embodiment. The frequency spectrums of DS-CDMA signals which
are transmitted by an "n"” pieces of parallel carriers are shown

in Fig. 1.
20 The transmission method according to this embodiment is
applied in a case where transmitting a plurality of signals using
a plurality of carriers between the transmitting apparatus arnd
the receiving apparatus, and the number of carriers is determined
based on estimation of characteristics of a radio link between
25 the transmitting apparatus and the receiving apparatus. Here,
the number of carriers is decreased when the MPI is small and,

the number of carriers is increased when the MPI is great.




the receiving apparatus, and the number of carriers is deternmned based on
estimation o; cEaracteristics of a radio link between 25 the transmtting
apparatus and the receiving apparatus. Here, the nunbe f ¢ is
decreased when the MPI is small and, the nunber of car gg?ce'%yzﬁ{c?’eased
when the MPlI is great. 8 19 Decenber 2005 Specifically, as shown in Fig.
the transmtting apparatus perforns serial-to-parallel conversion of a '
serial signal to an "n" (the nis a natural nunber and it has the range

of 1 < n s N pieces of paral |l el signals using radlo bandwi dth s which is
for the radi o conmunications between the transmtti _Paratus and the
recei ving apparetifsicatdit-hés, sPRgn ﬂPaﬁéﬂTt%lnﬁh%p %ﬁ Sift®ads t he

respective signals into a rad band th 1/ th ded
{ad;ﬁ b%@?%ﬁ% eﬂﬁffOFW§n§ﬁF%§ 3ﬁ3§¥%ﬁﬁ§5 %¥%5559§28%nﬁi%€r£;$¥:e$ 10

n e - si nce ndwi_d
carri er3{H) béb%%es dggggasgn 4 aR%Eﬁﬁaﬁ§$§%%é%f€£g E gHSﬁétﬂ%§r23rge{|ﬁL

can be fgsol V;?d by tg Qrcﬂﬁéarﬁﬁﬁggrs Jmfm Ma&%tghrgagsadaéna@ﬂﬂtﬁ he

recei vi ng per radi o sighal can bé inproved by conbining

these SWEﬂQﬁ%jME&Ptﬂkﬁréﬁi@&ﬁﬂﬁhn@ba&ﬂ@hb1&9@&&&1tﬁQCOfﬁhﬁmﬂvtlnm this
enbodi nent, smal | nunber of "n" is used for the nmulticarrier/DS-CDVA in

the envi ﬁﬁw&ﬂus\MﬁﬂethdlradﬂEW1ng spphraangd. t RuEdeur.adpeof path timng
detectlon as well as the channel estimation are sufficiently ensured,
i.e., RfaiselRAE Epperditver spryaés fidet desreciddeedlImALEnEnBR Her hand, in

t he envi ronnent where the nunber
radio bandwidth that is 1/n of the provided radio bandwidth and

transmits each signal by a corresponding carrier.

10 In the DS-CDMA, since a bandwidth per carrier is expanded
as the number of carriers (n) becomes decreased, the signal
received through the radio link can be resolved into a larger
number of multipath signals, and the receiving performance of
theradiosignalcanbeiﬂ@rovmibycombiningthesesignalswith

15 alignment of their phases.

n L

Accordingly, in this embodiment, smaller number of "n
is used for the multicarrier/DS-CDMA in the environment where
the MPI is small and the accuracy of path timing detection as
well as the channel estimation are sufficiently ensured, i.e.,

20 the RAKE time-diversity effect is expected.

On the other hand, in the environment where the number
of the multipath signals to be resolved is very large, the MPI
occurs greatly, and the accuracy of the path timing detection
aswell as the channel estimation are remarkably degraded, larger

55 npumber of "n" which results in narrower bandwidth is used for
the multicarrier/DS-CDMA.

Transmission System using Transmission Method




of the nmultipath signals to be resolved is very large, the MPl occurs
greatly, and the accuracy of the path timng detection as well as the
channel estinmation are renarkably degraded, |arger 25 nﬁfger of ".p which
results in narrower bandwi dth is used for the nulticar 5 -QE;QR§
Transm ssion System using Transm ssion Method 9 19 Decenber 2005 A

transm ssion systemfor inplenmenting the transmi ssion method according to
this enbodiment will be described below. Fig. 2 is a block diagram show ng
the configuration of a transmtting apparatus 10 of this enbodinent. s As

shown in Fig. 2, I0e tIANSMLELEL, 10,1 SARSERL 3¢ o WAL Eb X omPLaBbgnal s using
et Ween T he 8 og th

a plurality of carriers transmtting” apparatus IS

embodi NRRLL AR L DS § £681 M N9 13PBADAAVRent thEL T RANSBLEL: BaqappasRt us 10
conprises a transmtter/receiver 2, a carrier quantity determ nation unit

3, a ragdig, | bnks 19 ehaiacd eddsdn GhRShigmher cdnragaehtabnt of -paral | el
converter 5, ~a spreader 6, and an information synbol generator 11. The
transm ttenémeceingra@pasatnonfiqqufedhtic emandmmeéné. radi o signal between
the transmtting apparatus 10 and the receiving apparatus using a radio
commani cat i onss Ehnendmdis. 2r dhstirassaptiaf doaE@nemidypnbplurpbytvad dat a)
using the number of carriers which is determned by carrier quantity

det er mi pésilgAalgnising a PhREAbELY PREATARERIRE TN TREEFIRFIDLbENG hi s

R L N R TR R T R
for war d‘fhé %arnes(r:nelit\fel gi Qgpoéz@:tdsofo tc%mrpggségdci (Brlailgéﬁitter/receiver
2, a carrier quantity determination unit 3, a radio link
10. characteristics estimator 4, a serial-to-parallel converter 5,
a spreader 6, and an information symbol generator 11l.

The transmitter/receiver 2 is cbnfigured to transmit a
radio signal between the transmitting apparatus 10 and the
receiving apparatus using a radio communications line and

15 transmits an information symbol (payload data} using the number
of carrierswhichisdeterminedbycarrierquantitydetermination
unit 3. Further, the transmitter/receiver 2 of this embodiment
receives information required for estimating the
characteristics of the radio 1link from the receiving apparatus

20 and forwards the received information to the radio link
characteristics estimator 4.

The serial-to-parallel converter 5 is configured to
convert a serial signal to a plurality of parallel signals. The
serial-to-parallel converter 5 converts a serial signal

25 forwarded by the information symbol generator 11 to plural
signals which correspond to the number of carriers determined

by the carrier quantity determination unit 3 and forwards the

10



characteristics estimator 4. The serial-to-parallel converter 5 is
configured to convert a serial signal to a plurality of paraIIeI signals.
The serial-to-parallel converter 5 converts a seri al s ﬁ rded
by the information synbol generator 11 to plural S|gna ﬁﬁﬁ%ge spond
to the nunber of carriers determned by the carrier quantity determ nation
unit 3 and forwards the 10 19 Decenber 2005 respective converted signals to
t he spreader 6. The spreader 6 is configured to spread the plurality of
~signals. Specifically, the spreader 6 multiplies the converted signal by a

prescribed s readln fac and thereby spread the signal into a 1/n
radi o béﬁﬁﬁFEFﬁVETﬁ n%%?é%%eﬁlQP? % 5 RarP®E €3PRE Phus-spread signal to

the transmitigplrecel Ve, & ; Ihe L&eld B SHALASI A1 ShhGD.9%) pBLOr 4 1

configured to es e the characterlstlcs e ra I'T Nk nk of the

mul ti paghyphetvween, dde {dAnSM {id BP-aRREF @tnuﬁlﬁ'ﬂlte@etﬂ@@@h\fbﬂgeéo
apparatus. As for nethod for estinmation, nethod based on tine differences

bet ween st Baa b iapptds 5i ghed $peeatilagneiesr aha fhbtépRiShrelanehs at the
receiving side I1s considered. In this enbodinment, the radio link

char act elgstilcsitess ilnat vad ¥ dehéeidth di fiher spoesdemedeiaay forwarést ween

mul tipath signals based on is information forwarded by transmtter/receiver
2 to t h&hebyhuesspped@ shenaharaditer itsenggigtericsecadver| 2nk. I ncidentally,
a delay profile which is to be sent b¥ t he receiving apparatus can also be
utilized as tHReeiggdenhinihFheorfaraeathys A inatadshilts ePREigeEeder 2. The

de
lay pt 8fes|,teln\1l\é1u'!<=l tge cea?ga[clztberdistics of the radio link (1link of the

multipath) between the transmitting apparatus and the receiving
10 apparatus. As for method for estimation, method based on time
differences between the multipath signals or the number of
Imultipath signals at the receiving side is considered. 1In this
embodiment, the radic 1ink characteristics estimator 4 detects
differences in delay time between multipath signals based on
15  information forwarded by transmitter/receiver 2 to thereby
estimate the characteristics of the radio link. Incidentally,
a delay profile which is to be sent by the receiving apparatus
can also be utilized as the information forwarded by the
transmitter/receiver 2. The delay profile will be described
20 later.
The carrier gquantity determination unit 3 is configured
to determine the number of carriers accordiﬁg to the result of
the estimation by the radio link characteristics estimator 4.
Incasewhere theMPIissmall, thecarrier quantitydetermination
25 unit 3 decreases in the number of carriers. On the other hand,
incasewhere the MPI is great, the carrier quantitydetermination

unit 3 increases in the number of carriers. 1In this embodiment,

11



20 later. The carrier quantity determination unit 3 is configured to
determ ne the nunber of carriers according to the result of the estimation
by the radio link characteristics estimator 4. In casea\@ere B% drﬁ?’
small, the carrier quantity determ nation 25 unit 3 dec gggm re% € nurrber
of carriers. On the other hand, in case where the MPI is great, the
carrier quantity determnation wunit 3 increases in the nunber of carriers.

In this enbodiment, 11 19 Decenber 2005 the information about the nunber of
carriers determned by the carrier quantity determ nation unit 3 is

f d tt 2 d th | - [l el
cg:]:,/\g t :tg“e’slntf?ﬁ[&aﬁ’(gﬂsa:ﬁ%%teﬁl? rergugq rOE g%relreartsgggggﬁl?%?g %cg‘?{j?nget 0
the 5 informati ﬂaﬂtﬂ(iggdﬁg@ei?ﬁm?ﬂl&{ G LTS (B g ae R Ok gl gnal s)

whi ch has been orwar e carrier quantity determnation wunit 3, and
then tr ac&%wshﬁttt@%/ket;ewaklzoanéxmf@%elbyayswq)aﬁaqleqe@@ﬁ@é@ée@@r riers.

Ef fects and Functions of Transm ssion Method and 10 Transm ssion System of
t he Fir stheErbagdémente Asrdasi aaep dglasarateedc abovers aceotrding t® thhe

transm ssion systemof this enbodinent, it is possible to inprove the
recesvi ngfoperfraonmerizel tofhe membadicd sagni¢rs drhehermpgrt ¢€adiognelsDS- COVA - by
using the radi o bandwi dth which is divided by an appropriate 15 nunber of
carri er yhigbcdas peehel pedar de@ovt hlee @arnigred vt tHey deagrainpgion

characteristics. [Second enbodi ment] Confi | gur ration_of Transm SSI on System
unit 3, and then transmits the informdation symbol by using the

generated carriers.

Effects and Functicns cof Transmission Method and

10 Transmission System of the First Embodiment

As has been described above, according to the transmission
systemofthisembodiment,itispossibletoimprovethereceiving
performance of the fadio signal for the multicarrier/DS-CDMA
by using the radio bandwidth which is divided by an appropriate

15 number of carriers based on the result of the estimate of the
radio link characteristics.
[ Second embodiment]

Configuration of Transmission System

A second embodiment of the present invention will be
20 described below. In the transmission system of the second
embodiment, the receiving apparatus receives a spread signal
which has been spread by a spreading code, and despreads the
received signal whose timing is shifted. The receiving
apparatus generates a delay profile based on a result of the
25 despreading process and selects a path-satisfying a prescribed
condition according to the delay profile. The receiving

apparatus then determines the number of carriers according to

12




A second enbodi nent of the present invention will be 20 described bel ow.
In the transm ssion system of the second enbodinent, the receiving

apparatus receives a spread signal which has been spre di ng
code, and despreads the received signal whose timnmng iﬁéjg%’{?rﬁg%&%e

receiving apparatus generates a delay profile based on a result of the 25
despreadi ng process and selects a path satisfying a prescribed condition
according to the delay profile. The receiving apparatus then determ nes

t he nunber of carriers according to 12 19 Decenber 2005 the path that has

been sel ect ed. H&i@-S is a block diagéan1shomﬁng the configuration of a
receiviﬂé“%ﬁﬁﬂ?ht H & PeeRe SELERERTssi on system of this enbodi ment. As

shown in the fj.gure, .the receivj.ng _apparatus s 20 conprises .a
transnitter/rggg?vérlﬁ,aapikékiéﬁéafﬁﬁﬁfﬁPylnaeF%?rﬁ?éHEQHFﬁﬁﬁqp 2% a radio
l'ink ch Il St | e ' g [ .q valid
LK Chal SRkel At SpBsthRRl ofo dox LilCLaNBROLLLS: SEPFLGI O 1n i3

I nf or matd b SWENY . REOSESHP r:L_r;SSmelQi@%et, F 8RS M4 d&1 v 11RF fIpYair a4 ulsS
configured to transmt a radio signal between the recelving apparatus 20
and tshe 2d renpHilskisng appacAitSer fh€céiansn | tLrddeRiV efuadtiggei ves a
radi o signal which has been transmtted by the transmtting apparatus and
f or war dslatthemiacgiivedusigndl & cadie dehzycpaoicteridisigerendimato?. The
delay profile generator 7 conprises a replica signal generator 71, a tine
shifter 47,26,. dglgg%d@gqxggrqam A }é‘i‘f@tid path selector 8, a carrier

guantity notification unit 32, and an information symbol
processor 33.

10 The transmitter/receiver 2 is configured to transmit a
radio signal between the receiving apparatus 20 and the
transmitting apparatus. The transmitter/receiver 2 receives
a radio signal which has been transmitted by the transmitting
apparatus and forwards the received signal to the delay profile

15 generator 7.

The delay profile generator 7 comprises a replica signal
generator 71, a time shifter 72, a despreader 73, and a pilot
symbol generator 74.

The réplica signal generator 71 is configured to generate

20 and store areplica signal which is a replica of the radioc signal
received by the transmitter/receiver 2.

The time shifter 72 is configured to shift the timing of
the pilot symbol which the spreading code has been multiplied
by the pilot symbol generator 74. The time sifter 72 then

25 forwards the shifted signal to the despreader 73. Here, the
pilot symbol generator 74 generates a signal, which is known

by the receiving apparatus 20 and the transmitting apparatus,

13




synbol generator 74. The replica signal generator 71 is configured to
generate 20 and store a replica signal which is a replica of the radio
signal received by the transmtter/receiver 2. The t| hlftg ééhﬁ
configured to shift the tining of the pilot symbol % DeR_MbBE ng
code has been nultiplied by the pilot synbol generator 74. The tinme sifter
72 then 25 forwards the shifted signal to the despreader 73. Here, the
pil ot synbol generator 74 generates a signal, which is known by the
receiving apparatus 20 and the transmtting apparatus, 13 19 Decenber 2005
mul tiplied.b readlng code for the pilot synbol and is able to forward
t he si gnQPngp%h% tblYn‘é %H‘ﬁ&?ac‘%’rnwg"d?tfqrs thg HosEaPotd 15 #bte synbol "

-d d
ot R PSR IO 20 % snsdutr% et Yeh@%ciﬁ?%ﬁ “the
pilot syphol afe kg, e- HstQ f&ﬁéﬁ&&%@%ﬂ&%amgagﬂxg

transmtting apparatus espre de 31s configure orm

correl at bQE‘weQﬁ’%ﬁ@%@@:LU%hBQLpr&%art%%%'OVeﬁﬂi ShIPRAn Y €61 1RSp p&.e@ng@ner at ed
10 and stored by the replica signal generator 71 and the S|gnal gener at ed

by the pahettisyrdhglligeder ahar tid pMdde bienthng wildtheyndiognaks d@wnshi fted by
the time shifter 72 so as to calculate anplitude and phase of the pilot
synbol abeteaedntiime ngecduriherapparaeudegpr eadeth&3tronset tisidde cal cul at ed
anplitude to a value 15 of radio power and thereby generates a del ay
profile. afperatespreader 73 then forwards the generated delay profile to

t he
The despreader 73 is configured to perform correlation

operation using the received signal which has been generated
10 and stored by the replica signal generator 71 and the signal
generated by the pilot symbol generator 74 with timing of the
signals are shifted by the time shifter 72 so as to calculate
amplitude and phase of the pilot symbol at each timing. Further,
the despreader 73 converts the calculated amplitude to a value
15 of radio power and thereby generates a delay profile. The
despreader 73 then forwards the generated delay profile to the
valid path selector 8. More specifically, “delay profile”
represents the radio power of the respective paths in the
multipath signals, in which the replica signal has contained,
20 and relative delay time of the respective paths from the pilot
symbol, etc. The delay profile can be generated by despreading
the generated replica signal whose timing is shifted.
The valid path selector 8 is configured to select the path
which satisfies a p}:escribed condition according to the delay
25 profile generated by the delay profile generator 7 and forwards
the selected path to the radio link characteristics estimator

4 as a valid path. In this embodiment, the valid path selector

14



valid path selector 8. Mre specifically, "delay profile" represents the
radi o power of the respective paths in the nultipath signals, in which the
replica signal has contained, 20 and rel ative del ay ti”ﬁiﬁf thﬁ Jéﬁgective
paths fromthe pilot synbol, etc. The delay profile ca 3Fﬂ3 I3 d by
despreading the generated replica signal whose timng is shifted. The
valid path selector 8 is configured to select the path which satisfies a
prescri bed condition according to the delay 25 profile generated by the
delay profile generator 7 and forwards the selected path to the radio link
characteristics estimator 4 as a valid path. In this enbodi nent, the valid
pat h sel ecéorecld 12 10acenbrs 26 Lsellrcidzled bdopatbsibased witH he del ay
profile if the path has a prescribed received power, or if the relative
del ay tihes a poasthebed Imdcesymidopovsrr ankéd Wie hiedad ipeedetapadimeange. The
valid path selector 8 then forwards the result of the selection 5 of valid
pat hs t of¥#ie thadebla ﬁﬁfméﬁérlaﬁ:tféﬂi{?;ﬂl%lsﬂéét prRftesrcH.bedrRandgadi o4 nk
characteristics estimator 4 of this enbodinment estimtes the relative

del ay tiYelit Pehs Fr%]seﬁ%trﬁ’i §etheﬁhf€ﬂ§w?¥8?ntt%rﬁ?‘l%’f nyﬁﬁﬁlselﬁﬁﬁir?é“r t he

radio lin rac S +Gan st e nun1de|a 10
i nterval® %a@éd'oRa%ﬁ '@ﬁ|685653% qmgng Fﬁ%srégﬁe% Fﬁ%ﬁééﬁld pa?hs
The radi o "nkrh%hafra%&toe&lﬁk' Sﬁaféatgm{lcs then fApards,e thg g esul ts of

the calculations to the carrier quantity deternlnatlon unit 3. The carrier
quanti t o el SIMENRAEERInHPES the ScE0P{8WeAGy t5nd @ sdeherFEdpR & nunber of

carriers according to the results
paths from the pilot symbol. Further, the radio link
characteristics estimator 4 can estimate the minimum delay
10 interval based con the relative delay time of the respective valid
paths. Theradio linkcharacteristicsestimator 4 thenforwvards
the results of the.caiculations to the carrier quantity
determination unit 3.
The carrier guantity determination unit 3 is configured
15 to determine the number of carriers according to the results
of the estimate by the radioc link characteristics estimator 4.
The carrier quantity determination unit 3 determines fewer
carriers when the MPI is small and determines more carriers when
the MPI is great according to the number of valid paths and the
20 delay interval forwarded by the radio link characteristics
estimator 4. In this embodiment, information about the number
af carriers determined by the carrier quantity determination
unit 3 is forwarded to the carrier gquantity notification unit
32, transmitter/receiver 2, and information symbol processor
25 33.

The carrier quantity notification unit 32 is configured

to transmit the information about the number of carriers

15



of the estimate by the radio Iink characteristics estimator 4. The carrier
quantity determnation unit 3 determ nes fewer carriers when the MPlI is
smal|l and determnes nore carriers when the MPI is gre accohgi to the

nunber of valid paths and the 20 delay interval forwardEHPBGEM %o Iink
characteristics estimator 4. In this enbodi ment, information about the
nunber of carriers determned by the carrier quantity determ nation unit
3 is forwarded to the carrier quantity notification unit 32,
transmtter/receiver 2, and information synbol processor 25 33. The

carrier i i,ficatij I 1 ' | dto transmt., the
infornagggggéggégmgﬁghﬁhﬁéggf%?Q%ﬁ?&%&b§d§g8%%9%é§5ﬁB§Plfogéxﬁépgrnined by
the carii-ghsQYaRthYagghes fhoal] Oncpini e 40 (e / delansat bi ngrgppar at us
via the transmtter/receiver 2. The information synbol processor 33 is
confi guradot-Rath8ASEYhbd h@rddeisebrats oy swmEakhuredt fe transiid thag
apparatus via the s transmtter/receiver 2. Process of Transm ssion System
The recenhvbpgaappar aynso 20t of tHdetsacomnid e dippant thavivig thhe above
configuration processes the follow ng procedure. Fig. 4 is a flowhart
shows ngtrhesopétariovacefveheZrecei ving apparatus 10 20. Firstly, the del ay
profile is generated based on the pilot synbol whose anplitude and phase
are known so BECE®S®set nBEESHIES I SYEE stics of the radio |ink (5101).

Specifically, a replica signal of the readi ng. code_i s geperated by the
rgpl i ca y The rec%ivcing apparatus 20 of%:%e seco embod{megt Havgng y

the above configuration processes the following procedure. Fig.
4 is a flowchart showing the operation of the receiving apparatus
10 20.

Firstly, the delay profile is generated based on the pilot
éymbol whose amplitude and phase are known so as to estimate
the characteristics of the radio link (5101). Specifically,
areplicasignal of the spreading code is generated by the replica

15 signal generator 71 and the generatedreplicasignal is forwarded
to the time shifter 72. In the time shifter 72, the replica
signal is shifted in terms of time according to the pilot symbol
forwarded by the pilot symbol generator 74. Further, the
despreader 73 de-spreads the replica signal and then lists the

20 information about the signal obtained by the despreading.

Subsequently, valid paths are selected from the generated
delay profile (S102). According to these valid paths, the
minimum delay interval between the valid paths and the number
valid paths are determined (5103). Thereafter, the minimum

2. reguired bandwidth is determined according to the number of the
valid paths determined in step S103 (5104).

Subsequently, the number of carriers is determined (5105)
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is signal generator 71 and the generated replica signal is forwarded to
the time shifter 72. In the tinme shifter 72, the replica signal is shifted
internms of tinme according to the pilot synbol forward by t {0t
synbol generator 74. Further, the despreader 73 de-spr‘gégagg‘frﬁggrr@gsi ca
signal and then lists the 20 information about the signal obtained by the
despreadi ng. Subsequently, valid paths are selected fromthe generated
delay profile (5102). According to these valid paths, the m ninmm del ay
interval between the valid paths and the nunber valid paths are determ ned
(S103). ereafter, the mnj i hapdwi | Lhed
accor di r?ég?g ?%é: fumn réjr‘rmg?f1 ’H[ehTéé@? %IEF?%\?%%(ES% et e%\#‘l gfég Vllénlisjct?égrtg%% (5104).
Subsequ I thedwner r4 k'S¢ flet epgingdak Sk 9;Becenber
2005 baggg %kﬁetlﬂ‘gn m ni ?ru%ﬁ%el‘%gyl% %tégtrl\%aﬁ ]g)?t ) I%%Igt \/\/eaen&%%e \?(ijﬁf}fé 5§tehs and

t he nunbanaphaiheoy alid ppathsia( bin b @xpeearplkieas t fierd goico.  waagdwi dt h of
the DS-CDVA can be expressed as (1+a)/Tc. Were (Tc) is a chip period of

t he spreadiyngs codaiangef)d o€ ahé agiadingf cadeddd ¢bh £sla €actor |imting
the bandwi dth (the roll-off factor). Here, the m ninmumdelay interval for
resobvi ng &helndffi gafltesqiial st Telting the pandeihdgsi(dhesyolenpdf this
enbodi nent using the mninmmdelay interval (t) of the valid ;c)at hs

det ect edaFEBm t helaked aythsr gimiaum gelgy Whieh'aahiody rtés°+yifHetB8ndi ti on of
Tc <t is deternm ned. In addi tf&gr{ t he bandwi dt h e -car%i e% whi ch can be
deri ved™By tERER PFO21E Then et mtﬁ‘é"&sml?ﬁéopn?g? Ti%h Wbttt the number

S pparn GEbBAER AR the iR delaBOLhLLEdal OBt ERASTRI AN
paths detected from the delay profile, the Tc which satisfies
10 the conditionof Tc<tis determined. Inaddition, the bandwidth
per-carrier which can be derived by (1+a)/Tc is then determined .
The informatidn about the number of carriers determined
in step S105 is notified to the transmitting apparatus from the
receiving apparatus to share the information between the
15 transmitting apparatus and the receiving apparatus (S106).
Subsequently, the information symbol is transmittedusing
the bandwidth ( the number of carriers) between the transmitting

apparatus and the receiving apparatus (5107).

Effects and Functions of Transmission Systemof the Second

20 Embodiment

According to this embodiment, in the circumstances where

a received radio signal has differences in delay time due to

multipath, appropriate spreadingandselectionof the pathswhich

satisfy the prescribed conditions are achieved. Conseguently,

25 the number of carriers can be determined easily and accurately
according to the wvalid paths.

Moreover, since the delay profile is generated based on
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receiving apparatus to share the information between the is transmtting
apparatus and the receiving apparatus (5106). Subsequently, the
information synbol is transmtted using the bandw dth g%ge nunbe f
carriers) between the transnitting apparatus and the r P?/‘?’Hggfa%“&§r at us
(5107). Effects and Functions of Transm ssion System of the Second 20
Enbodi nent According to this enbodinent, in the circunstances where a
received radio signal has differences in delay tinme due to nmultipath,
appropriate spreadi ng and sel ection of thepathswhich satisfy the

prescri bed conditions are achi eved. Consequently, 25 the nunber of carriers

can be dét%ePriREdSERR?H Y IARE ARBALARER ARG HPAPRGAED KMV A FhFat hs.

Mor eover, since . the delay .profile i enerat.ed based on 17 1 cenmber 2005
the ot R P A fa T S IR R TR ¢ 1 ng
appar at i r YAl , del il be
generatggxggggr F%g§%5§¥%g%g??oggggﬁg%#§gﬁ%?gﬁ ?bg%aég%ﬂ%%%%P%g%ghitting
appar at 43 :3d nt hee reGRIH 1Y i AR AU B A the +8cPOSShPlappheagsli Mate the
characteristics of the radio |ink accurately. [Third enbodi nent]

Conf kgur=atd ©b iof pdEaNBIE I eot DysterhA ¢harakenhioditanbeofnd kadppesent
invention will be 10 descri bed below. The third enbodi nent has feature of
esti mat iligk tleeuchéedgteristics of the radio |ink, which has been descri bed

in the second enbodi nent, on a periodic basis. Fig. 5is a block
[Third embodiment]

Configuration of Transmission System

A third embodiment of the present invention will be
10 describedbelow. The thirdembodimenthas featureof estimating
the characteristics of the radio link, which has been described
" in the second embodiment, on a pericodic basis. Fig. 5is ablock
diagramshowingareceivingapparatus 30 of the third embodiment.
The receiving apparatus 30 of this embodiment further
15 comprises a timer 34 in addition to the receiving apparatus 20.
The timer 34 sends acontrol signal to the delayprofile generator
7 on a periodic basis, and can thereby trigger the delay profile
generator 7 to generate a delay profile at certain intervals.
The delay profile generated by the delay profile generator 7
20 1is forwarded to the wvalid path selector 8. Thereby, the
characteristics of the radio link are periodically estimated.

Process of Transmission System

The receiving apparatus 30 which has the above
configuration operates according to the following procedure.
‘25 Fig. 6 is a flowchart showing the operation of the receiving

apparatus 30.

Firstly, the delay profile is generated based on the pilot
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di agram show ng a receiving apparatus 30 of the third enbodi nent. The
recei ving apparatus 30 of this enbodinent further 1is conprises a tiner 34
in addition to the receiving apparatus 20. The tinmer 3 ends, a trol
signal to the delay profile generator 7 on a periodic aéf%?“%ﬂ&ﬁ@ n
thereby trigger the delay profile generator 7 to generate a delay profile
at certain intervals. The delay profile generated by the delay profile
generator 7 20 is forwarded to the valid path selector 8. Thereby, the
characteristics of the radio link are periodically estimted. Process of
Transm ssi on System The receiving apparatus 30 which has the above

conf i gur SYTRM D e 8TREESPER Y PNA%E PEPI WY Si GSebarestimateig. 6 s
fl hart show the. i L i Vi t 30. Firstly,

The. dol ahbATRS e A e o R ns Rt o pir e rTee rp R B e S 005
nbol l ti ..th

char act e per a A A O S R R o Bt 280 M O o ™ a5t us and

the recelqhNgidRPar ahes p30ot SHfiddo1d Rirdhks beMRQAiJRIA Lol B6vRE| @le Synbol s
are to be deployed to cover the 5 assigned bandwi dth entirely. The

char act e4d Stdriesd bhnBkedrAdiraiddifk behyedarbhe erians Bktdf ABcappBiat us and
the receiving apparatus are then estinated based on information of the
pil ot syirioltse wedmithed Htmnshe tgengr appdrathayampd ofid ergS202)ng
Subsequently, an optinmum bandw dth per-carrier and the 10 nunber of

carri er Apparafateprented esmimas edekaged on ihEoEBather €f dhermdiak | i nk

characteristics perfornmed in step S202 (5203}. .
- symbols contained in the generated delay profile (5202).

Subsequently, an optimum bandwidth per-carrier and the
10  number of carriers are determined from the result of the estimate
of radio link characteristics performed in step S202 (S203).
Furthef, information about the number of carriers determined
in step S203 is notified from the receiving apparatus 30 to the
transmitting apparatus and the information is shared between
15 the receiving apparétus and the transmitting apparatus (S5204).
Subsequently, the information symbol is transmitted between the
transmitting apparatus and the receiving apparatus through the
determined radio bandwidth (S2053}.
Then, in this embodiment, a prescribed amount of time from
20 the number of carriers has been determined is cobserved (S206).
In acase where the prescribed amount of time has already elapsed,
the process fromthe steps S201 to S204 arepericdically repeated,
thereby the number of carriers is changed depending upon the
characteristics of the radio link. The prescribed amcunt of
25 time is measured by the timer 34.

Effects and Functions of Transmission System of the Third

Fmbodiment
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Further, information about the nunber of carriers determned in step S203
is notified fromthe receiving apparatus 30 to the transmtting apparatus
and the information is shared between is the receiving pgrq%g the
transmtting apparatus (5204). Subsequently, the infor &%

transmtted between the transmtting apparatus and the receiving apparatus
through the determ ned radio bandw dth (5205). Then, in this enbodinent, a
prescri bed amount of time from 20 the nunber of carriers has been

determ ned is observed (5206). In a case where the prescribed anmount of

time has alrea}3é (€%§eg the process fromthe steps 5201 to 5204 are
periodical ly rc% Phdt EeE§eFﬁBtMﬁWﬁﬁt%ﬂnc§PF|%P%r?%t%%hﬁﬁeHSdepend|ng

th k. .Th d t of 25
PP | o L ERR RG] Bk 6o Ut LRDn oM o g R AR RRA IR AR ool o
System<Bf&9§r1®t§§sd@H%anH%BofﬁiﬁEifxm?HPﬁ@e%Qgﬁlé%% ﬁ@éghlo the

present invention, the characteristics 10 I|n are ‘es |nated on

a peri odieg: asirs Nt Heppesber atef neabst €68 bsreh@nged, acoorgdingl y. This
periodi c change allows determ ning the appropriate nunber of carriers to

refl ect Siguccdssi veachengeshefrddie Lagk ehhiraktehas act ernatis-and t her eby
follow ng the changes of the characteristics in atinely manner. As wl|l
be seen fYldmwing tior cgonags ddsthre phnoactehéspiesdnta itdmedyinemnald .ons
transmtting high quality of signals by decreasing the effects of the MI,
etc. which oc@ﬁrw%lgl 49 sepaASI o re @ trafleegrbptipynihs nusiseg ta

urality _of carri
Pl %vent%on aﬁ&ows transmitting high quality of signals by

~decreasing the effects of the MPI, etc. which occur in
10 transmittingapluralityof signalsusingapluralityof carriers
between the transmitting apparatus and the receiving apparatus.
Various modifications will become possible for those
skilled in the art after receiving the teachings of the present

disclosure without departing from the scope thereof.
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between the transmtting apparatus and the receiving apparatus. Various
nodi fications will becone possible for those skilled in the art after
receiving the teachings of the present disclosure with depart. from
the scope thereof. 15 20 19 Decenber 2005 WHAT IS CLAI I\%#’F%e'gﬁe }ARJ%
transm ssion systemfor transmtting a plurality of signals between a
transmtter and a receiver using a plurality of carriers, conprising: a
radio link characteristics estimator (4) configured to conpute a m ninum
delay interval t of multipath of the <carriers, determne a chip period Tc
of a spregépﬂbzg%&gﬂlwwchSFs smal | er than the nmininumdelay interval t,
and conpute a radio bandwi dth assigned to the carrier ; and a carrier
guantity determination unit (3) configured to determ ne the nunber of
carriers according to the result of the radi o bandw dth conputed by the
radi o |inkl. chaRattenssissso®sd}miOTor2t rdnbhANSIHSS %'lu%ﬂ?g‘ ggcording
: . . 16T s

to claim1, wherei e i er .quanti, determnation unit
configured to Sggﬁéggeb?€ﬁ§%$ éﬂﬂgﬁmgiéﬁﬁl%n@WﬁﬂfﬁfﬁﬁﬁﬁﬁiBé%hgiﬁterference

of the carriersPl8rakhfy ohmepimiersasesmptisimpst one of the nunber of the
signals when the nultipath interference is great. 3. A transm ssion system

according to claink}, urih r conprising:
a radio link characteristics estimator (4) configured to

compute a minimum delay interval t of multipath of the
carriers, determine a chip period Tc of a spreading code
which is smaller than the minimum delay interval 1, and
compute a radio bandwidth assigned to the carrier ; and

a carrier quantity determination unit (3) configured to
determine the number of carriers according to the result
of the radio bandwidth computed by the radio link
characteristics estimator.

2. A transmission system according to claim 1, wherein the
carrier quantity determination unit (1) is configured to
decrease the number of signals when a multipath
interference of the carriers is small, and increases at
least one of the number of the signals when the multipath
interference is great.

3. A transmission system according to claim 1, further
comprising:

a serial-to-parallel converter (5) configured to convert
a serial signal to the plurality of signals:

and a spreadex (6} configured to spread the plurality of
signals.
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a serial-to-parallel converter (5) configured to convert a serial signa

to the plurality of signals; and a spreader (6) configured to spread the
pturality of signals. 21 19 Decenber 2005 4. A transm §SiL0N Syst

according to claim1l1, further conprising: a receiver ( CoHT ﬂUﬁg% to
receive a signal spread by the spreading code; a delay profile generator
(7) configured to generate a delay profile by despreadi ng the signal
received by the receiver using the spreading code whose timng is

shifted; and a valid path selector (8) configured to select a path which
satisfies a prescribed condition according to the delay profile, and
wherei n t he dadPotFARRMERSIT tsrsiteni escestingtios ¢4)in 3, ¢QREhgHred to
conpute the m nipMprdeiqy: interval r according to the path selected by the
valid path selector. 5. A transm ssion systemaccording to claim4 ,

further conprising: a pilot synbol generator (74) configured to generate a

ilot symbol whasee dit yd i e i.n transnitter and in
p y cgpldit Ude bk RRASR aber KAWL Iy %%5ﬁ§6 %qgeégh?
A

the receiver; a ei h the delay profile generat Ygured to
generate the dgﬁgygﬁﬁ%ﬁ4ﬁﬂg &088¢ding to the pilot symbol. 6.

transm ssion systemaccording to.claim1, wherein the
a delay profile generator (7) configured to generate a
delay profile by despreading the signal received by the
receiver using the spreading code whose timing is
shifted; and

avalidpathselector(B)configuredtoselectapathwhich
satisfies a prescribed condition according to the delay
profile, and wherein-—

the radio link characteristics estimator (4) is
configured to compute the minimum delay interval 1
according1xnthepathselectedkwrthevalidpathselector.

5. A transmission system according to claim 4 , further
comprising:

a pilot symbol generator (74) configured to generate a
pilot symbol whose amplitude and phase are known in the
transmitter and in the receiver; and wherein

the delay profile generator (7) is configured to generate

the delay profile according to the pilot symbol.

6. A transmission system according to claim 1, wherein the

radio link characteristics estimator (4} computes the
characteristics of the radio bandwidth on a periodic
basis,
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radio link characteristics estimator (4) conputes the characteristics of
the radi o bandwi dth on a periodic basis. 22 19 Decenber 2005 7. A

transm ssion method for transmtting a plurality of ﬁgal bet Mﬁﬁﬁ
transmtter and a receiver using a plurality of carrie 'HE? g the

steps of: a first step (S103) of conputing a mininmumdelay interval T of
mul tipath of the carriers, a second step (5103) of determning a chip
period Tc of a spreading code which is smaller than the m ni mrum del ay
interval T, a third step (S104) of computing a radi o bandwi dth assigned to
the carrier; and a fourth step (S105) of determ ning the nunber of carriers
according to the result of the radio bandwi dth conputed in the third step.

8. A transmgsign t hod accordi to claim7, wherein in the fourth step,
t he nunber of s?@na 3= m§saé8?e%@£hP4Mﬁ9¥ txaREMLE band: 4 lerddriegcefof the

carriers is snaﬁﬂgaﬁdﬁ batwéemsd Knnhsﬂiﬂtbe BHHbQVréﬁeré¥“@s§ sﬂlncreased
t hod

when the nul tipatkah rfer A transm ssion
according to cl gim ? Q]‘Egr{)ﬁ %lﬁgloérﬁs)sr'l ézloné’rlﬁlf‘i?fpﬁe sstteﬁ';PsoP converting a

serial signal to a plurality of signals; and a sixth step of spreading the
plurality of signélsst step (5103) of computing a minimum delay interval
T of multipath of the carriers,

a second step (5103) of determining a chip period Tc of

a spreading code which is smaller than the minimum delay
interval 1,

a third step (5104) of computing'a radio bandwidth
assigned to the carrier; and

afOurthstep{SlOS)ofdeterminingthenumberofcarriers

according to the result of the radio bandwidth computed
in the third step.

8. A transmission method according to claim 7, wherein in
the fourth step, the number of signals is decreased when
a multipath interference of the carriers is small and,
at least one of the.number of signals is increased when
the multipath interference is great.

9. A transmission method according to claim 7, further
comprising:

a fifth step of converting a serial signal to a plurality
of signals; and

a sixth step of spreading the plurality of signals.
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23 19 Decenber 2005 10. A transm ssion nethod according to claim?7,
further conprising! a seventh step of receiving a signal spread by the

spreadi ng code; an eighth step (5201) of generating a d rof | by
despreading the signal received in the seventh step usiﬁgag?ﬁ@géiéigﬁnng
code whose timng is shifted; and a ninth step of selecting a path which
satisfies a prescribed condition according to the delay profile, and
wherein in the first step, the mninumdelay interval T is determ ned
according to the path selected in the ninth step. 11. A transm ssion
met hod according to claim10 , wherein in the seventh step, a pil ot

synbol , whosel0.anpl i taderanghidase ALEhKIOWLoiH r ang, in the

ei ght h step, th& d%h§¥ grofi]e i S generated (éégggﬁgﬁg%ﬁgg?hegbilot synbol .
12. A transni ssi-8h hod"RccHr¥i'ng to claim 7, wherein in the first step,
the radio bandwidth is conmputed on a periodic basis. 13. Electronic

recordi ng nmedi um sth e oni.c recording. nedium having recorded therein
a program whi ch t?angﬁf%s§géf:% uralty of %i%ﬁﬁﬂ%i FRLREENPH Ehansnitter and
a 24 19 DecenbefPPORBing code;

an eighth step (8201) of generating a delay profile by
despreading the signal received in the seventh step using

the spreading code whose timing is shifted; and

a2 ninth step of selecting a path which satisfies a
prescribed condition according to the delay profile, and
wherein

in the first step, the minimum delay interval 1 is
determined according to the path selected in the ninth .
step.

A transmission method according to claim 10
wherein in the seventh step, a pillot symbol, whose

amplitude and phase are known, is generated and,

’

in the eighth step, the delay profile is generated
according to the pilot symbol.

A transmission method according to claim 7,
whereianxthefirststep,theradiobandwiduiiscomputed
on a periodic basis.

Electronic recording medium, the electronic recording
medium having recorded therein a program which transmits
a pluraiity of signals between a transmitter and a
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receiver using a plurality of carriers, and causes a conputer to execute a
process conprising the steps of the claim?7. 24A

19 December 2005

receiver using a plurality of carriers,
computer to execute a process comp
claim 7.

and causes a
rising the steps of the
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