; e3ej UPPQSXt SI T6UT] UM < TRANSM SSI ON SYSTEM TRANSM SSI ON METHOD,
TRANSM SSI ON APPARATUS, AND ELECTRONI C RECORDI NG MEDI UM HAVI NG RECORDED
THEREI N TRANSM SSI ON PROGRAM 5 CROSS REFERENCE TO RELATED Thi s
‘application is based upon and clains the benefit of priori mmmlm-ﬂmmgn or
Japanese Patent Applications No. P2001-345171, filed on Novenbgy,9, 2001;
the entire contents of which are incorporated herein by reference.” 10
BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention

relates to @t @,@ﬁ@f&ﬁngéyﬁﬁ?%néﬁ%gf%%%éﬁOﬂlﬁ'ﬁﬁbﬂo%ni\ﬁ%;gk?ﬁkm

apparatus) and electronic 1s recordi rumhaving reco erein a

transni ssiPpn REPEE mnmhﬁﬁﬁc@ﬁsufenﬁﬁ@aﬁsﬂné%gfﬁﬁ Mhvene! HﬁébiﬁgﬁDOf

signals using a plurality of carriers between the transmtter and the

recei ver, for exanple, argiREtgarRARSUPSs tONVPPRBgrRARSCII ption of the
Rel ated Art 20 The wi deband code division nultiple access (WCDVA) and the

cdma2000 have been adopted as the nethod of a radio access for the 3rd
generation nobile tel ecormunications system (I MI-2000). The radi o bandw dth
per carrier i s 5VHCROSS REFEVENOWA TOARELATED 23WAZdAMIANS: cdma2000. 25 In
the nobil e comruni cation environnent , a radio signal transmtted reaches

t he receiver aShdaspappalicapion Iadiasesi gpahsardngdltaipst hhei gaae¥ibfofhi ch
each signal has a different  propagation delay due to the effect of

bui | di ngPraRdidvefIgiodh¢ #8jiedt Jananesy dededd Pepddattimng Mhsmitter and
the receiver, called "nultipath propagation”’. Wth respect to the nmultipath
signal , EtHEOdiBéct deqddded anHagegngs?onZQQ}tiEW% g QL) |
which is the hasis _of .the W nd the c¢dma2Q00 , resolves a plurality of
the mul t PFatRi&PyR%ss Jinr?t‘)&qo%%éﬁ&i&ﬁelﬁ 3Walr§ ST¢™9gns the phase of the
indep1coandent signals so as to conbine theminto one conposite signal (it is
call ed RAKE reception). As the result of the io conbining the signals ,

desired signal power of i i i eased, nanely RAKE
9 p a‘#&%n{}cﬁ%u@ﬁ @ afti‘]x}e%.‘rhem:jw y

time-diversity effect, t he DS- CDVA can ore inprove receiving
per f or maRcegikIREGIFANS VTR ilde W CDVA has the radi o bandw dth of 5MHz |
the mninmumtine interval for resolving nmultipath signal 15 is

approxi matel y one pousthtoinddet oGt adhasear athwsihbnsivltdystem,

transmission method, transmission apparatus, and electronic

15 recordingmediumhavingrecorded thereina transmissionprogram,
which are configured to transmit a plurality of signals using
aplurality of 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 5MHz 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

, QU
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is 1.25MHz. Therefore, in the WCDVA, a received signal can be resol ved
into a | arger nunber of paths and thereby performthe RAKE reception
effectively. The results of experinental exam nation with regard to the

i nprovenent of receiving 20 performance, which is achi eved by expanding the
radi o bandwi dth with the RAKE tine-diversity effect , have been reported in
the literature "Further Results on Field Experinents of Coherent W deband
DS- CDVA Mobile Radio ( T . Dohi, Y . Okunura, and F . Adachi |EICE Trans.

Commun. g¥%§a3%t%qr. ll?ldégp?f Iu%pto {ﬁégééf?edty o%%l&%%{?%ﬁ Of Ep'hcgrchgg rature

shows th °of experinment for transm

radi o si gpgldtsi NGt e oadic Betw@éﬁc{wedﬁbaﬁgrﬁméegwaztﬁ A5, .4In this
literature,” it has been reported that the Rake reception |s posm% e wth a
| ar ger nuaheedofmhasabuet paldpadeytienpandi ng the radio bandwi dth up to

| OMHz. It has al so been reported that, as a result of the 5 above, the
recei ving perf girhncespdct e thdmaldigaah €agnde, ithey evedchysddiee RAKE
time-diversity effect. Further, in the literature "Performnce of Rake
Recept i ogode @evieidbintulpat il Clasnaeslss ( DEpCDHAY i, ovisbéh S €hdi bgs Bansifiv dt h
and Selection Diversity Oder (M Z Wn, G Chrisikos, and NR 1o

Sol | enbeitgeW - (IR IGABecdmE2 0F) . Nes@lvep a pIS@1ISRA0f Ahg.mul2oiQeah " (it
has been anal yzed that by expanding the radi o bandw dth, the nunmber of the
mul ti pat ﬁlﬁataﬂsl pBiteaisedenfideRE FegBRALP ngn‘éeﬂbg%n@ée Fhase FRdRe S| gnal
of the DS-CDVA is inproved if RAKE reception is perforned using these

i ncreasedW‘?’ﬁP@Pﬂ&‘Pﬁ Fd98Pd[FaFs. aRbFRoY¥RP1RG; ihem IR ER A IRMROTHER t he

RAKE di ff h f |
and a | 03P THE RpFRVdn i GE FRE RIS nokReF Rbr REALLCAE é@%&eﬁief he
RAKE {1 e gl whg flg,%baﬁecggﬁraat {e0polBg! Sl Ly LS

literature, Si nc assune mng O pectl ve

resol ved ooyl Bla%ﬁéréhl@é' Snhie kpOMAKe CONRL el A0S %ff@c€0%@%@f pat h

timng det ection have nof been given. However, in an actu environnment, in

a case wherepar Q:Qnmﬁmé%io@fe iR et lrﬁ%bﬂvﬁ'n@“%ie&@r%&hﬁer ved due to
expansi on 25 of the radio bandwidth, a nultipath interference (hereinafter

referred as MPEppehtiahlyhesinspetié we—cmbgsnalas thterdeie wacdwddtieromt the
receiving unit occurs . Due to the MPI , signal power 3 per path

decr easeSMird the ceusiesin frdamet hetaceal dor oespheipgtinultipaghdeisgwl on for
respective paths becones deteriorated. Mreover, the accuracy of channel
esti nat i é8,apphinstd Hnere fppintpeobiha cAmaZ 00 whesotadipdprsivididr r adi o
link based to the s detected signal , becones deterlorated accordingly and

it affect§ théSMBEei vIHRrpEPFer n?a?lc@‘%fWTW‘}‘a(ﬂ FeGeaad f1qnel i ver .

COnSIderEngrggglggSanéétéﬁﬁééﬁhr num %% E%tSQ grghd 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, Y. Okumura, and F. Adachi.:
IEICE Trans. Commun., Vol. E81-B, No.6, pp. 1239-1247, June,
25 1998)"
This literature shows the results of a field experiment

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



"Experimental Eval uation of Coherent Rake Receiver for Broadband DS - CDVA
Mobile Radio ( T . lkeda ( K. Ckaga , M. Sawahashi , and F . 1o Adachi:

| EEE VTC Spring, pp. 1849-1853, 2000)", the evaluation has been nmade for
the receiving performance under the RAKE reception taking into account of
the accuracy of the path timng detection as well as the channel estimation
by conducting a | aboratory experinent for transm ssion of the DS-CDVA radio
i's signal using a 100MHz bandwi dth. According to the experinental result,
it has b : d tqi a t |.ti path.exists i.n very large
nunber, ggﬁgégﬁkgff%E@ hAEEﬁP?n§8d¥@§$§rt3ﬁbf éfiqﬁéh §ﬁ%%&befﬂééFﬁ¥ated or

decr easepodyerdgoL g ¥ila ARfle A AEbBRRI S 28 PIsditA ARG HHAEY flgde path

timng detectionh 20 as we as the accuracy o annel esti on.

Accor di nglibedSoEore 88y DS FPMIs tERNSH Sd 0Ny tHe I CNHAREG Al an

appropriate radi o bandw dth can be determ ned based on the relationship
bet ween tbe1bMREQVemMeManialdte verteirebbgtpar tRaERNEE Hfrddel ¥ ask a1sd gnal ,
which is achieved 25 by the RAKE tine-diversity effect, and the

det er s or abber , oft heheeredeiivign pepEfroamarc  fdtdet adior @ds@aln ddie od°l as
wel | as decrease in a signal power per path. 4 Conventionally, as for
consi der atmponyetioby mbei RAKEoMmimei-ddtveasd tyy effémctappr oxi mat el y sever al
megahertz (MHz) of bandw dth was adopted even at maxi nrum However, it has
been expected Fhathart rign§hedsitaratiive SPerfapnenca®f Rake Recamdniomf Mps
be achi eved even in the nmobile comuni cations system It is therefore

anti ci pate®aeaMehelpati 6PBRAGHS dtITRIG A5 10 ¢herreslipgSanshiidth
comuni cations. system Wl |l be expanded and . it is _highly possible that

| RbAT R SaBi 1 o 1 ST Ef o Wandis i LaBr ShaAT bt he
ii\s{te;% én case wher ) gp' ;with %h eO angi Qn of1 t]%)e N glci?o band\r/vi dtﬁ Ibs
usi néoth Oﬁ%ﬁ?ﬁ?ﬁ?ﬁ%r?ﬁ)@-ﬁ/& a8 Yh 'f%di)&'go accddy | ver esa% s tpﬁbg‘p’robl em
that th t . i Q 4l i fical |y | . to th
et heoBEhSet hADBREAd ke oREB Aot A EBRL SR i Lo (e
on radi o445 handwkdbh PRE R £iShtnipSen AlerdUHNCTaf G heklcSiv By EF

SUWARY OF THE | NVENTI ON The priesent invention has been made in viéew of the
above prgbkeBEmanaddof htise hasd £ ARYrRAl off0tREONE dEDMA t 1 ANSKH 1SEF O iy St em
20 transm ssion nethod, transm ssion apparatus, and el ectronic recording
medi um hagkkKHAgreeepitded tilsepeirfioamedansingsitbhespr dgcamasieidc mudadpeese t he
effect of the MPI, etc. which occur when transmtting a plurality of

signat s asongla.plMenedvgrof tohsritierpbuneephotie thahsthet BAKEnd t he
receiver to thereby realize the 25 transm ssion of a high quality of

si gnal s. tiBeafliypasSLRy 8B6@EtoHreELasSeRe 35r &88nDUMREENOCtoMUHds baddt ur e of

determ ning the nunber, of carriers based on the result 5 L.
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 to 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



of estimate of radio link characteristics between a transmtter and a
receiver in a case where transmtting a plurality of signals using a
plurality of carriers between the transmtter and the receiver. s
Incidentally, in the present invention, the characteristics of the radio
link are estimated according to differences in delay tinme of multipath
signals and the nunber of the nultipath path signals. In addition, it is
preferred that the nunber of carriers is decreased when the MPlI is small,

1o and themyakerabsrbace8ased MheausBe Mihti thdRRlurAGLBFdLAY poth he
present invention, the RAKE tinme-diversity effect is effectively galned by

i npl ementdifng nd ERIERINdM R N WERie o i wargd s dEsatk Prudther 1 &saktdq of
estimate of the radio link characteristics, and receiving performance i5 of
t he radi oicsiegivalr i $hempeovedcaoedrotiangle). eAtdonding ,t whibR ¢ Eehrdtes
invention, the plurality of signals is nmade by converting a serial signal
st ream t yoplumeabfsa gnalcs vatd aappeadrmgdt die tdhiegnafiso TRk dfagyeg] tbheher esent
invention is applicable to DS-CDVA. 20 According to the present invention,
it isSprefedecd®d Hbgnd hebraapes dstegdanadied aacerd gl nadddt akeciéng a
spread signal which has been spread by a spreading code, despreading the
recei ved BicgRarewN88 PeRf pERRC T tt}é(‘&, r 5%@@9%1 atgbhayrereive®- based

o A, e AN i PSP LS 35 3 S s o

h terJ.sti f .t o link d | ect ed ths. h ,
o et ARy el EUE WS BT AP B REL S e,
ti d t : i at di d ' f th
U S U LB PRBIAPES % A RSl g0 e LGl gBcl, B P 1

numbep of (eRdiil e BEE $RE RR-198f,epPl Nesh £apdd Y, 30@03CCULREELYa RELOIGHNY tO
the valid paths even in such circunstance. According to the present

i nventi omast R el P |thd SaRiieriate bttt ithdePitd makdol whose
anpl i tude and phase axe known in the transmtter and in the receiver. Thus,
i 0 esti miteceg tiilve tArRiAgtieTticchtesunt diheheaBoudddKoEstipephahnelning
detection as well as the channel estimation by conducting a
laboratory experiment for transmission of the DS-CDMA radio
15 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.



accurately. According to the present invention, the characteristics of the
radio link are estimted on a periodic basis . Thus , this periodic change
all ows determ ning the appropriate nunber of is carriers to reflect

successi ve changes of the radio |ink characteristics and thereby foll ow ng
t he changes of the characteristics in a tinely manner. BRI EF DESCRI PTI ON OF
THE SEVERAL VIEWS OF THE DRAWNGS 20 Fig . 1 is a schematic di agram show ng
a transm ssion nmethod according to a first enbodi nent of the present

i nvention; FichﬁvEﬁtﬁoﬁhﬁiﬁédkégkég?%BB@EH&r%Q%o%%”EngrﬁbbﬁﬂeOf a

transmtting apparatus int ransm ssion systemaccording to the first
embodi meRbmmdAiEhe10ds! §]Y|§tQh‘?cgpﬁféﬁixﬁ&téﬂ?%é‘@eﬂ‘f YO AL (M, of @

recei ving apparatus in the transm ssion system according to a second

enbodi megE ehntik@ dRheHBR! aldBypeel @len’ at Matkindm.S @ flowchart showing the
process of the receiving apparatus in the transm ssion systemaccording to

t he second enbadwa®wsk;, Etghab béer dkpedkteld agaatm 6 vdnigniide cronfdtgur ati on
of 5 a receiving apparatus in the transm ssion systemaccording to a third
enbods menf;mamnel thiag. sévesad fdrmwoliabps hewaopiehedprooess Ufie tfodirlecei vi ng
apparatus in the transm ssion systemaccording to the third enbodi nent.

communications system. It is therefore anticipated that the

radio bandwidth to be assigned for the mobile communications

system, will be expanded and it is highly possible that several

tens to 100MHz, or more, of radio bandwidth be assigned for the

10 system. 1In a case where coping with the expansion of the radio

bandwidth by using themulticarrier/DS-CDMA as the radio access,

there is the problem that the effect on the radio 1link,

specifically the problem that due to the MPI, the receiving

performance of the radio signal greatlyvaries dependingonradio

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 quality of signals.
To attain the above object, the present invention has

feature of determining the number of carriers based on the result



i 0 DETAI LED DESCRI PTI ON OF THE | NVENTION [ First enbodi ment] Qutline of the
Transm ssi on Met hod Hereinafter, an enbodi nent of the transm ssion nethod
is according to the present invention will be described. Fig. 1 shows the
concept of the transm ssion nethod according to this enbodi nent. The
frequency spectruns of DS-CDVA signals which are transmtted by an "n"

pi eces of parallel carriers are shown in Fig. 1. 20 The transm ssi on net hod
according to this enbodinent is applied in a case where transmtting a

pl ural i tyrofssifned $rushddo @Lim%ﬁélféé’té’gjﬁﬁé{%é Yot WRRINE & drfi LA} L i ng

apparatus and the receiving apparatus ( e nunber of carriers is

det er m ngd akasede 2he St ABhsewHr& baaashett shi eSpRiral 1 8fbe didia et ween
2s the transmtting apparatus and the receiving apparatus. Here, the nunber

of carri essnigsadeticasety e rcdrie WY betwaehl thantrahifiel busbedn@ftcarriers
is increased when the MPI is great. 8 Specifically, as shown in Fig. 1,

t he transwicetiviegr .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 s nss N) piéoeddentpddyl | én &hgnairesesitndgnvaditdopandbiedth 5 which is for
the radi o conmuni cations between the transmtting apparatus and the

recei vi nghagpaterdstiosr Plefthet Radipahink t 27 L pHRR B8 LR EFRRGERI t e
respective signals into_a_radio bandwidth that is 1/n of the provided radio
bandwi dt R1ZA@TergRsnitsdehdn SHipat B lE 106t e s peRa1LAgARAr YRR MUBRLT 1 t he
DS- CDMA, since a bandwi dth per carrier is expanded as the nunber of

Garr er s Gn} iEeBBRESPAGE: BAEBASIPRELE  grth FULL VY tHr JULPEHE R o |1 nk
can be 1 esal Vel i & Lar Sk MuAbe. Ak MULELBAAC 81 @nake (s 2 d e
recei vi ng perrtor nance of "t R Taaro S1 gnal can "be i nproved by coﬁ%|n1ng

these, Si gaal $n8 himb3:2Lis00HRALAAE Wilch RARSHET AGCQHlatal Y, 0 this

enbodi nent, small er nunber o I's used r the multicarrier/DS-CDMVA in

t he environmenhcwbeagngheoMRhel predhlt aRdehite oRCCHRCRARE path tim ng
detection as well as the channel estimation are sufficiently ensured, i . a

, 20 t hkemBAKEvkirg+gi ¥erettViebEeettiseeyppeinsd vonihpeenbheinganidl, in
the environnent where the nunber of the nultipath signals to be resolved is

very | ar gepropeikPe ponbes @f eatdry erantatbd acdhreacgsol tt vt geatimdten ng
detection as well as the channel estimation are renmarkably degraded, |arger
25 nunbepfothentadhpchinkschasa¢renhs tbver ddhdwaRiving pexf dopandre

mul ticarrier/DS-COVA. Transm ssion System using Transm ssion Mt hod

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 to 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 is 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.



9 A transm ssion systemfor inplenenting the transm ssion net hod
according to this enbodi nent will be described below Fig. 2 is a block

di agram showi ng the configuration of a transmtting apparatus 10 of this
enbodiment. 5 As shown in Fig. 2, the transmtter 10 transmts a plurality
of signals using a plurality of carriers between the transmtting apparatus
10 of this enbodi ment and the receiving apparatus. The transmtting
apparatus 10 conprises a transmtter/receiver 2, a carrier quantity
deterninati on @Auk,3inatiadixrdindtdrve hbkae! 8ritsteoe@StadBd Hidha@
serial-to-parallel converter 5, a spreader 6, and an information synbol
gener at ohatlvaFheattivansfi tednlyr edaiev éue? tios mudnfipguthed apprdaparisiid a radi o
signal between the transmtting apparatus 10 and the receiving apparatus
usi ng a sadeeddogrand saléeohsohiofetlandaths whaicdns d sisfy Ehegmeatdmibesy nbol
(payl oad data) using the nunber of carriers which is determ ned by carrier
quant i t ycdetiéitionat o0 aghiiteved .Fufpheequehé&lyr divrintmgery e damtierf this
enbodi ment receives information required for estimating the characteristics
of the r&&8PoP¢ I FTHRaheasddd] Waga%ﬁdb%ﬁ%&% agGoxitd N ERatR el ecei ved
information to the radio |link characteristics estimator 4. The

seri al -t BApHFaPVER donFLFeF g EStERC yured to convert a serial signal to
| it f ll.el si ls . Th ial-to- .l el )
Converts a serParosngfia Pod N Prapadd 5V oReioh SimACSRYSIREE Getfor at or
| i i ' f. i i ned
11 to p Qé%rﬁltgﬁaelz cé!‘P&Jg{g?Ct%r E?P}%sgﬁbbﬁ%wggn \%é'rt gireiﬁxgﬁ%égaeéeerm ne

by the carrirer quantity erm nt 3

respecti ggecszms%t 8¢ $hINahSinhittie rSRGRdS the TSRS H IS
configured to spread the plurality of signals.

Specisf i caklkymbihespr endesibaph bt driecibe conner tadisi Uik LY prd¥Rsdd bed
spreadi ng factor and thereby spread the s signal into a 1/n radio

bandw dt bcctlitatepyeader 6 then forwards the thus-spread signal to the
transmtter/receiver 2. The radio link characteristics estimator 4 is
configured to astpmdtiagt be tWimpaesentsineenbion hethradihadaotleidtiis of t he
mul ti pat h) between the transmtting apparatus and the receiving i o apparatus
. As forofditpgafido biek mae eatimatad®basarindic hasdet f eFeneed st ween
the nmul tipath _signals or the nunber of nultipath signals at the receiving
side i s BBhiPHéFedhapAet AL $0¥ALIAF AERILIRG LR ARARPTIRAL MRS T F s

estimator 4 detects differences in delay. tinme bet n nul t.i pat.h.signal s
basedsoncarrgers Eo ref&ec% succeSSQVe %hanges ofw%%e radiopﬁink 9

characteristics and thereby following the changes of the

characteristics in a timely manner.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
20 Fig. 1 is aschematic diagramshowinga 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;



is information forwarded by transmtter/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 transmtter/receiver 2. The delay profile wll
be described 20 later . The carrier quantity determnation unit 3 is
configured to determ ne the nunber of carriers according to the result of
the estimation by the radio |ink characteristics estimator 4. In case where
the MPI is smy h i YA ] ' [ ; reases in
t he nunber of ﬁg?;ﬁéfg%?f%ﬁﬁ?ﬂgygﬁﬁgﬁﬁﬁgﬁgﬁéﬁﬁﬁgkggpaﬁgﬁggkﬁgéﬁgﬁﬁﬁs gr eat

, the cagppeFafdaniht¥hsletRiMBmad d bh Wdteh IRTAIWEY it the Ry of
carriers . In this enbodinent , 11 the i nformati on about the nunber of
carrierseglBbeimened by the carrier quantity determnation unit 3 is
forwarded to the transmtter/receiver 2 and the serial-to-parallel

converter 5. Thegt ranssmd teidalkechiagran? shendmat edec aphifdgairatdorndiofy to t he
5 informati on about the nunber of carriers ( the nunber of signals ) which
has beenafuoremidoug Bpodm o rdinethqubnan sipi geten Mystemmragnndihd tand t hen
transmts the information synbol by using the generated carriers. Effects
and Func®@i thsraf empafsmessi oanflet hod and i o Transmi ssion System of the

Fi rst Enbodi ment As has been described above, according to the transm ssion
system of thi sFegh&uifehflowrpars shasing EhePiany eft e receiviing
performance of the radjo signal .for the |ticarrier/DS- by_using the
o o baRGRREEHUANENChE B ORaBASBYOBnS kBB P By AL ECRE b ER o R er o
based on_t he resu%t of the estimate of the radio link characteristics.

[ Second g %%%W%ﬂ ] Configuration of Transm ssion System A second

enbodj ment of the present invention will be 20 described below In the
transm ssion system of the second enbodi nent, the receiving apparatus
receives a spread shgpghribi HsBASPPEER 6P PRE PMyENERORAdI Ng code, and
despreads the received signal whose timng is shifted. The receiving

appar at uprgeger ahesaamédatay profile based on a result of the 2s despreading
process and selects a path satisfying a prescribed condition according to

t he del ay profoheliddeof etkeVvingnappasadnsMeéhieaddet ermi nes the nunber of
carriers according to 12 the path that has been selected. Fig. 3 is a

bl ock di agram Stveingftéas, conf egbediment opf 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 and
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.



a receiving apparatus 20 for the transm ssion systemof this enbodi nent. As
shown in the figure, the receiving apparatus s 20 conprises a
transmitter/receiver 2, a carrier quantity determnation unit 3, a radio
link characteristics estimator 4 ( a delay profile generator 7 , a valid
path selector 8 , a carrier quantity notification unit 32, and an

I nformati on synbol processor 33. 1o The transmtter/receiver 2 is
configured to transmt a radio signal between the receiving apparatus 20

and the transnmghbl-AgidRRaKAL US sTRGH HANFTL.L ar / negeive itacgiyes a radio
si gnal which ha? bee% tra?gnittéh b§l€he tﬁgnsﬁitting aﬁbaﬁétussﬁnd

forwar ds apheraece pedroraiaketatlheodphay1pedf tbvdpsdsnes At rsridhe del ay
profile generator 7 conprises a replica signal generator 71, a tinme shifter

72, a despmyeadeto&h “ard(anhpid dls aydnir e nenbdleer add.itThasr €péirangs gnal
generator 71 is configured to generate 20 and store a replica signal which
I s a replifca ofn &h) radecesighagamaddeilvedgbplshesingnsadid drdndcedtter 2.
The tinme shifter 72 is configured to shift the timng of the pilot synbol
whi chs t hehdgheddifiy ¢beeradso weammuni a4 toldreg] biefrwelea plvé dirasyaniot t Yemer at or
74. The tinme sifter 72 then 2s forwards the shifted signal to the

despr ead@PPr¥atysr @nd Hdepineseisiimsolanpar@tarsor Yur§bper atbs a si gnal

whi ch is known by the receiving agparatus 20 and the transnitting appar at us
transmitting apparatus” spreads the respective signals infto a

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
the radio signal can be improved by combining these signals with

15 alignment of their phases.

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

25I number of "n" which results in narrower bandwidth is used for
the multicarrier/DS-CDMA.

Transmission System using Transmission Method




13 multiplied by a spreading code for the pilot synbol and is able to
forward the signal to the tinme shifter 72. It is to be noted that "pil ot
synbol " neans a pre-deternm ned nonitoring signal between the receiving
apparatus 20 and the transmitting apparatus, s and the anplitude and the
phase of the pilot synbol are known between the receiving apparatus 20 and
the transmtting apparatus. The despreader 73 is configured to perform
correl ation operation using the received signal which has been generated 1o

and stored by &\Ih@réﬁgllnij.gQiéb%ﬁt%ﬁ%na&ﬂbl%ﬂlea%{nph 8 are"%hé]ﬁ&*ed by

the pilot synbol generator timn ed by the

time shiff8hof a3@cdihng &8l eyhat SmBHEhInEHQewﬂJﬂ w@a&@s@htlt,@& IPéié’va symbol
at each timng. Further, the despreader 73 converts the cal cul ated

anpl i tudeilQ 2@ va ue bl diadjrand eMywialtf dHeraine GRIIELES &k del ay
profile. The despreader 73 then forwards the generat ed deI ay profile to the
val i d pattrasehaattanB.apfamtspedid icmldhis "dedayinpmafi | e represents the
radi o power of the respective paths in the nmultipath signals , in which the
repliea signal Asasha@oniaifried,2 2ohandansdttites detagnsnires af pIdma Y £spect i ve
paths fromthe pilot synbol, etc. The delay profile can be generated by
despr eadiofgs idrea enednuedp Hepil thy of gt issee tveenghiest man smett imge valid
path selector 8 is configured to select the path which satisfies a

prescri bé@®reaRdivs dn &@cghéﬁnembed%‘ﬁ@nﬁe@%‘} e FeFe 1 ElRR MRRARRLYY - t he

delay profile generator 7 and forwards the selected path to the radio link
char act erf |h§’tFE%“%@%F%?%PPZP%%J%/%P&P%JIFMI f ‘i’?ﬁrg“é’r?'bﬁfo‘?/n‘ﬁﬁel‘(% valid

th | ect . 8 t b d he del fil f th
Dot has 2a B Gty s J&gd%&ﬁg%a JIQI%Ste‘Wel afd vria%%q FAS e 'f fom
th I t I I
ol ebor HRREL AR riha bl € BT e Bt B f B s 10
t he radl % Qlfé Iéq:r %ct el téncs_mq_-%tr!“[gattl Yn fﬁ%"“% a%aeq{vée}a{ lclhar acteristics

esti mat or |s enbodi ment esti mat es elay tinme of the
respective pat % ef ItQ'Eh’sII&tQ'e'r‘?E:e%Iémlr 2Fh!ét88ﬁf1é@§e&a€|botfé@¥m1t a
characteristics estimator 4 can estimate the m ninumdelay 1o interval
based onrilag of eligfniave tddhaer ithe afrdoiirdspectdppaneddyd 1mtdisd .tHde radio
link characteristics estimator 4 then forwards the results of the

cal cul at rexs itvo.nigh@ppearmaters qusemyg tay metier monaturdreatrions3. 1ikte aatri er
quantity determnation unit 3 is configured 15 to determ ne the nunber of
carriter s tzeosmditsgar g nifiprmedsign sympol Hoagsdathdatay Ui g sHpqumbee
characteristics estimator 4. The carrier quantity determ nation unit 3

det er mi né€$ qaé@e%%v?%%hésﬂ%ﬁwwy FArEHAF AUgRd LFds tR b dpken

carriers when_the MPI accor to the n of v at hs and
the 20 dufdy 7 nt GARING0r G f&&r?/ﬁ%vagaéia&Fmﬂqcﬁﬁ €0t i mat or
4. InthIS errbod i me n carrlers det er m ned
by the carrier ec&f’ualn |°tr§/ng: SCer m A Ql[lr%géou%rﬂri rg?c t(:]I“ed to the carrier

quantity Jaatly c't%@:fl'sctfldénbtf tﬁl'?e :Iard%sﬂﬁfcefﬂn?“tﬁ'evfé?éwﬁﬂg AP LEABLL ON

synb_l processor carrier quantity notificationunit 32 is

conf igur ggqt Qo&%&%{@ ttHehQ:éd’élefé@t:drﬁ'bﬁMtori he b eradfo caliy ers
characteristics estimator 4.

The serial-to-parallel converter 5 is configured to
convert a serial signal to aplurality 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



15 determ ned by the carrier quantity determnation unit 3 to the
transmtting apparatus via the transmtter/receiver 2. The information
synbol processor 33 is configured to transmt the information synbol to the
transmtting apparatus via the 5 transmtter/receiver 2. Process of
Transm ssi on System The receiving apparatus 20 of the second enbodi nent
havi ng the above configuration processes the follow ng procedure. Fig. 4 is
a flowchart showi ng the operation of the receiving apparatus io 20.

Firstly, dheodelidn Rafidads Qeaiat ad ased A aL R | ot synbol whose

anplitude and phase are known so as to estimte the characteristics of the

radio |ink (S1@hk sppeelbircaliy .conff@pldtsd t g%@baaf th8ep SRFERIL PG £0de s
generated by the replica is signal generator and the generated replica

si gnal i sifgpralar.dedpkeifheatliiye tHe §peeader slnultiepliie® thbiddereredt he
replica signal is shifted in terns of time according to the pilot synbol

f or war ded ilgpatlheypa Ipote ssymitidd gerrendtiayg Fdctéurdntetherrbbydeppeaddiie 73
de-spreads the replica signal and then lists the 20 information about the
si gnab olstigingddiiyo tehe/ degiicabandwid&tbhs e JUensbyeadakiddthanhfomrarde| ect ed
fromthe generated delay profile (S102). According to these valid paths,

t he mni ddusy Sﬂﬂeé%%zﬁl%@tlwé@n Ghfe Wﬂ%‘lﬂf&%%#"r@ rfunber valid
paths are determ ned (S103). Thereafter, the m ninum 25 required bandw dth
i s determ ned %‘@oFGiih@ Yigk ﬁ@aﬁéﬁ‘ﬁéFléFlFﬁee%%W%lt%ﬁhésd‘e?‘éﬁ%ﬁ"h’é‘%ld| n step

gi%gd(fﬁo E shife ¢ fhe et 195 O5eEhearAd e ik G aﬁlﬁg éﬁe%? fﬁe)hw
B%a%rm it T e 8B trip 4nap T B BoBar a1 A el ! REeg of
1 o0ng EheRgds mtﬂ% o g)erﬁo ¢ f??c%ﬁf:%‘@??im?@ﬁ“@ﬂh‘ﬁf"%gh.dtnﬁﬁqé

interval §iQfre3led %t%%rmﬂﬂé RN i gmtql $ilnald) dhaHd MaBSsSi Of syst em
of this enbodinent using the mninmmdelay interval (2) of the valid paths

det ect edpfunemplahey debax1prad the rddwivitngvaiial saldosfsiig®rie@ .t hencempsti on of
Tc < i is determned. In addition, the bandw dth per-carrier which can be

derived lynbpodliment/, Tehesrdadien 1dakechanect e dhet 1 of @stHiMatorabold tédies nunber
of carriers determined in step S105 is notified to the transmtting

appar at usliffemenives doeideilny &pperbetiveen mhhrtpabe sidorhatharededmeen the
15 transmtting apparatus and the receiving apparatus (S106).

Subs e ueANIEp TR {oR GORNATEIR S b AT NSy HaCGed Viedi g theEDRERIY dt h (

t he number of carrler between the transmttin aratus_ and the
recei vi n§S§ (%%;: cterlstlcs of tahe radio ngr?lgp 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 quantity determination unit 3 is configured
to determine the number of carriers according to the result of
the estimation by the radio link characteristics estimator 4.
Incasewhere theMPI issmall, thecarrierquantitydetermination
25 unit 3 decreases in the number of carriers. On the other hand,
in case where the MPI is great, thecarrierquantitydetermination

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

11



Ef fects and Functions of Transm ssion System of the Second 20 Enbodi nent
According to this enbodinment , in the circunstances where a received radio
signal has differences in delay tine due to nmultipath ( appropriate
spreadi ng and sel ection of the paths which satisfy the prescribed
conditions are achieved. Consequently, 25 the nunber of carriers can be
determ ned easily and accurately according to the valid paths. Mreover (
since the delay profile is generated based on 17 the pilot synbol whose

ampl | U0 adnPoPhRET o EoisipWh Rule:! 6ENSEL 140 ARBIRALLS AOCkAD e

recei ving apparatus , the delay profile can be generated accor t he

pi | ot syrdelrisharpbhattye et ddign it td Y APRATA MR @Mk the fisgei ving

apparatus 5 and it is p055|ble to estimate the characteristics of the radio
li nk accuraine.t Helyiret egirend b naiw Lhewdrgur-add -gnefl THaasiyesi-er System A
third enbodi mrent of the present invention wll be ~o described bel ow. The
third eniodi treathshastéedrarveiobres genmetrang st berchar adeerdrstims tef tiide radi o
| i nk, which has been described in the second enbodi nent , on a periodic
basi ss. Rindorfdts.can dbouk tdicagvmbes lodvkagr ey ed dihei myntappafas 1gng80s pf t he
third enbodi ment . The receiving apparatus 30 of this enbodi nent further 15
conpri se&’hd ot haf Ben fosaEindeshby othe earadeirygRgn hppérda isrmnatent i mer
34 sends a control signal to the delay profile generator_ 7 on a periodic
basis ( aWdtcdn PSP ttlraé’ﬁé‘llttshéhﬁe’rr&@mm%ﬂq’% AR aPFr using Hegerate a
delay profile at certain intervals . The delay profile generated by the

del ay pr@ﬁqq§a§§ﬁbF§F5FeF§aa is forwarded to the valid path sel ector 8.

Ther eby, the char, cterlst Q i i nk ar.e i.odi cal ly esti mated.
Process of Tr a%?ff% ?Eg_ %SunJEﬁol}l% %dfl‘?ransmlsas% i?{eg%égdclang has t he

above, coRfiGuAIANORS/AIGS ACANLIFILJO dill diGldifini ng procedure. 25 Fig.

owchart—show g thneoperatton of thertecervi ng apparatus 30.

F' rst | y, the delay,PpebhldedsrA5Nea866E, R AN S £6 thbl Handhission

systemof this embodiment, it is possible to improve the receiving

performance of the radio 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



synbol s whose anplitude and phase are known so as to estimate the
characteristics of the radio |ink between the transmtting apparatus and
the receiving apparatus 30 (S201). In this enbodinment , the pilot synbols
are to be deployed to cover the s assigned bandwi dth entirely. The
characteristics of the radio Iink between the transmtting apparatus and
the receiving apparatus are then estimated based on information of the
pil ot synbols contained in the generated delay profile (S202).

Subsequemﬂéhpéyh(HHAﬂnHQgxgggﬂfgglégﬁﬁfarrier and the io nunber of

carriers are determned fromthe result of the estimate of radio |ink

characteristicyiper f:0nged bloskediSePam(SRO3 ng Fethd Nesn £1 NiL4 #BLA b about
t he nunber of carriers determined in step 5203 is notified fromthe

recei vi NG appariatingy 3Ppadathe toafsk thenfrapPaissusnaggstde onfenpation is
shared between 15 the receiving apparatus and the transmtting apparatus (
S204 ) . eSuhsHgesrtt.| yAst Bhownf anmahée ofiigyrmdol the tecebying etbietawes t he
transmtting apparatus and the receiving apparatus through the determ ned

r adi osbakdwichp(iSZG6)a tHearsnititten e aintrodiers carrigmresprarbedtamount  of
time from 2o the nunber of carriers has been determ ned is observed (S206)

. In a césdagmatiipn pinddedi-badrafdbantink ¢hamagterbs Fbag et bpaeer the
process fromthe steps S201 to S204 are periodically repeated, thereby the
nunber oft cafelerPTf thaAgegradpenti Ay AfchPe i sel&ctored | §tFRELHRTt he

radio link. The prescrjbed anmount, of_ 25 ti is, measured by the tinmer 34.
Ef ot s AP MRS foroar b NS o Sy Sleh AT AR R AaP BYHRE 7 | mon+
19 Acco&%&g%tC)pﬂf present invention, the characteristics of the radio

link areXesti5Tated on a periodi ¢ basis and the nunber of carriers is

changgd accor digpgl ¥ E*%hat&%&j/‘i@c%i%énaeig' EQH@igﬁ}.S&”{ﬁif‘ﬂaﬁQﬁ't .
OF I % t%e radi o

appropri ate nunber carriers to reflect successive changes o

link changeli®y isSilgres. Wl ae Hdddaw iy tHppahanges dfaddiehe

characteristics in a tinely manner. As will be seen fromthe foregoing
descri pt itefan sidi& RS eplpairaternt.i onhal t s¥Eshi 6OSH) +&E80vEH Of Futed 1 $d/s Of

signal s by decreasing the effects of the MPI, etc. which occur inio
transm t ta mgdaopkligahityhbéh siapmaleenusirag saiplitedabit pheft rargmetsing
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 replica signal generator 71 is configured to generate

20 and store areplica signal which is a replica of the radio 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



between the transmtting apparatus and the receiving apparatus. Various
nodi fications wll becone possible for those skilled in the art after

recei ving the teachings of the present disclosure without departing from

t he scope thereof. 15 20 WHAT TS CLAIMED I'S: 1. A transm ssion systemfor
transmtting a plurality of signals between a transmtter and a receiver
using a plurality 5 of carriers, conprising: a radio |link characteristics
estimator configured to estimate the characteristics of a radio link

bet ween tRg1tEaNsELIEL 8PdehBenbeEEhY For RRE B L8 IdyifbAUaRA 1Y able

determ nation unit configured to io determ ne the nunber of carriers

accor di Ngtbordear@stlel s 0fnhher £ ThieBd e h it adi.o Tt nk ebHAGHASLI CS
estimator. 2 . A transm ssion systemaccording to claiml , wherein the

radi o | i nkhebarptletisymicsl eshédms o pre -cletd it mradrmaie dikpal
characteristics of the radio link according to differences ~5 in delay tine
bet ween nubktwpahhhs mprad isviarglapperatinbep apfd thetransmittingapparatus,
5 and the amplitude and the phase of the pilot symbol are known
betwegn the receiving apparatus 20 and the transmitting
apparatus.
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 prescribed 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. 1In this embodiment, the valid path selector

14



mul ti path signals. 3 . A transm ssion systemaccording to claim1l , wherein
the carrier quantity determ nation unit decreases the nunber of carriers
when nmultipath interference is small and, increases 20 the nunber of
carriers when nultipath interference is great. 4. A transm ssion system
according to claim1l1, further conprising: a serial-to-parallel converter
configured to convert a serial signal to a plurality of signals; and 2s a
spreader configured to spread the plurality of signals . 5. A transmn ssion

system acgordi 88t 0y51 80 Mdent Waded GPMH Sd;jél%y %ofi{ier %&Eit]‘ﬁ%r GQ 1 gured
odae; a e

to receive a signal spread by a spreading c el ay profi ener at or

confi gur eflat &n geRAA DA #ebalvBEOhbNEr DYoaFPERA: &1L 81 v &G AH tSin@nal
usi ng the spreading s code whose timng is shifted.; and a vali'd path

sel ector coohitgis edlo® sehe6l ia pahReahiCthsatl pféesrabgaasaidgded eendi tion
according to the delay profile, whereby the radio |link characteristics
esti mat or vesidnmtds sparartetre8 $hefn fhewaadsotiie mesaddoodi tite se el ipat h 10
selected by the valid path sel ector.
5 of valid paths to the radio link characteristics estimator 4.
The radio link characteristics estimator 4 of this
embodiment estimates the relative delay time of the respective
paths from the pilot symbol. Further, the radio link
characteristics estimator 4 can estimate the minimum delay
10 interval based on the relative delay time of the respective valid
paths. Theradiolinkcharacteristicsestimator 4 then forwards
the results of the calculations to the carrier quantity
determination unit 3.
The carrier quantity determination unit 3 is configured
15 to determine the number of carriers according to the results
of the estimate by the radio 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
of carriers determined by the carrier quantity determination
unit 3 is forwarded to the carrier quantity 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



6. A transm ssion systemaccording to claim5, further conprising: a pilot
synbol generator configured to generate a pilot synbol whose anplitude and
phase are known in the transmtter i5 and in the receiver, whereby the
delay profile generator generates the delay profile according to the pil ot
synbol. 7 . A transm ssion systemaccording to claiml1l ( wherein the radio
link characteristics estimator is configured to estimte 20 the
Ccharacteristics of the radio Iink on a periodic basis. 8. A transm ssion

o ey AetBANEG by the Alakidle bhalt 1 XyI08L SLREMIPRIn Bl AROFLI 5L 2nd @

receiver using a plurality of carriers, npri sing

esti mat i ra;gatn@%nimqg%gta?ﬂza%;aiﬁfs i thRdiQ-drdMs RIMBRLAR, NS T ag tter

and the receiver; determ ning the nunber of carriers according to

the resulil fofrniate RS kiyiBbe pRoEEERoL 133 22 conighrledalst 550 81 FEtHed
according to claim8, wherein in step ( 1) is for estimating the

char act erinFlores tdfort kgmadi ad ithe ageorstiing iny diffearannessia ded ay tinme
between nmultipath signals and the nunber of the multipath signals. s 10. A
t ransai sdirem smettied /aceeridiery 2.0 claim 8, wherein in step (2), the nunber
of carriers is decreased when nmultipath interference is small and, the

nunber of carr P&OSeEss i ME] h interference is great.

The receiving apparatus 20 of the second embodiment having
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
symbol whose amplitude and phase are known so as to estimate
the characteristics of the radio link (S101). Specifically,
areplica signal of the spreading code is generated by the replica

15 signal generator 71 and the generated replicasignal 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

25 required bandwidth is determined according to the number of the
valid paths determined in step S103 (S104).

Subsequently, the number of carriers is determined (S105)

16



11. A transm ssion method according to claim8, further ~o conprising the
steps of: ( 3 ) converting a serial signal to a plurality of signals ; and
(4) spreading the plurality of signals. 12. A transni ssion method accordi ng
to claim8, further 15 conprising the steps of: (5) receiving a signal
spread by a spreading code; ( 6 ) generating a delay profile by despreadi ng
a received signal using the spreading code whose timng is shifted; and ( 7
) selecting a pathwhich satisfies aprescribed condition 20 according to the

del ay pr @hisk® oMNaiE BN nithust &@1£§)jinnt&r@amet(%5 Soé;d(v%e%}? t%%%glih%ﬂ{§

estimated according to the path Selected in ste . A transm ssion

met hod agg@r €hBontost alfthd (aviarghths (1St P ForSexamp@ePi +196 HdHY! |
whose anplitude and phase are known, 2s is generated and, in step ( 6 ) ,

t he del apapriefiidte bs grechst epMACLOT dengxbeklBedpakot1sypot. Itherd4. A
transm ssi on nmethod according to claim8, wherein in step (1), the
char act er(iTst)i ts afchrigdperiiodkofirtthee Spreadedgonodepeard ddi)cibasifactldr A
transm ssion apparatus for transmtting a plurality of 5 signals between a
t ranséi t oér aandlh-pEEef Vetexidior ldmiltdngl thy béndwidtlersthe onpll -soffy:
factor). Here, the minimum delay interval for resolving the
multipath equals Tc. In the transmission system of this
embodiment using the minimum delay interval (t) of the wvalid
paths detected from the delay profile, the Tc which satisfies
10 theconditionof Tc<tisdetermined. Inaddition, the bandwidth
per-carrier which can be derived by (1+a)/Tc is then determined.
The information 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 (S107).

Effects and Functions of Transmission System of 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 thepathswhich

satisfy the prescribed conditions are achieved. Consequently,

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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a radio link characteristics estimtor configured to estimte the
characteristics of a radio link between the transmtter and the receiver,
and 1o a carrier quantity determ nation unit configured to determ ne the
nunber of carriers according to the result of the estimate by the radio
link characteristics estimator. 16. An electronic recording nmedium the
el ectronic recordi ng nmedi um havi ng recorded therein a program which
transmts a ~s plurality of signals betvveen a transmtter and a receiver
using a r r & e u rocess
conpri si %lglét ggﬂs%eg{s’mg 1 %'l%ée as [ rratl ng t(ﬁe @ﬁarg%c%lg%?}éflégg L? 1'gnérpadl 0
l'ink bet \t@aashﬁ&ttlrr@r@gse)&f@fuaaﬂdtlhetﬁeri@c\é%m@wpg&ét@s) tﬁ%tcféfﬁyn' ng the
nunber of carriers according to the result of the estimate in step (1). 24
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a] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] c”a] ca] ca]:ca] ca] cajcalc
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; 109& () chhYatlteHh sit)iclsYo# 18& {gdid 1ink are periodically estimated.
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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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10<s109%&' () - ! ( VF-#10%& () - 9#V$ Yo }[9{\ 1T, Y-#100& ()-1'Y- F0ve (7O # 100

() - ! @HF#18008a fa t s 180d {he! rE&éWﬁné)apb'afé#u@ Bo' (X606D) !, 'tn this
-#109& ()-ss!109%&' ()-° @ 10%& ()- @O0% ()- 10 10
10<s10%&' épbod it ) kfivd aEL@t slymbo%® GxreYto be deployed to cover the
Z#109%& () -s@10%& ()-s " !'109% ()-10%&k ()-s10%& ()-w))).*j***dEb@!,! " , &10%&
"() - 551098s {9néd Hah@@ qEh éntirely. The characteristics of the radio
sI10%& ()-" "'10%& ()- 109 ()-**>+x+++, dEL@!,! 93|
109&' () - Mirk 1}@@@”@?nytllgo/&rr\alysmitting apparatus and the receiving
109 () - F+#10%& () -) 109 () - 5-xmb@!, ! #QBF #10% (& () - 10 10
10s<s 1092 RYAr BRUH ALY )the@seiéww pRsedap LpEgrngtips of | &LPtos Y10%
(& ()- SYlO%&' 9100/% &Br%% 3f #10% 1
& ()01 3rPmRR T ¢yotasped 0bg (he) 9oppraedidsiey @rofile (5202).
Subseguently, 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).
Further, 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 apparatus and the transmitting apparatus (S204).
Subsequently, the information symbol is transmitted between the
transmitting apparatus and the receiving apparatus through the
determined radio bandwidth (S5205).
Then, in this embodiment, a prescribed amount of time from
20 the number of carriers has been determined is observed (S206).
In acasewhere the prescribed amount of time has already elapsed,
the process fromthe steps 5201 to S204 are periodically repeated,
thereby the number of carriers is changed depending upon the
characteristics of the radio link. The prescribed amount of

25 time is measured by the timer 34.

Effects and Functions of Transmission System of the Third

Embodiment
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&1 105 (VSR R (VGRS 109 high qdality of sidnals Ty ()

PPPQQ REYYASA10YMIE (e @A S OPZRE (st TAM0%658 &1 - 41078 00
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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a delay profile generator configured to generate a delay

profile by despreading a received signal using the spreading
5 code whose timing is shifted.; and
a valid path selector configured to select a path which
satisfies aprescribed condition according to the delay profile,
whereby the radio link characteristics estimator
estimates parameters of the radio link according to the path
10 selected by the valid path selector.
6. A transmission system according to claim 5, further
comprising:
a pilot symbol generator configured to generate a pilot
symbol whose amplitude and phase are known in the transmitter
15 and in the receiver,
whereby the delay profile generator generates the delay
profile according to the pilot symbol.
7. A transmission system according to claim 1, wherein the
radio link characteristics estimator is configured to estimate
20 the characteristics of the radio link on a periodic basis.
8. A transmission method for transmitting a plurality of
signals between a transmitter and a receiver using a plurality
of carriers, comprising the steps of:
(1) estimating the characteristics of aradio 1link between
25 the transmitter and the receiver; and
(2) determining the number of carriers according to the

result of the estimate in step (1).
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10 5 10. A transmission method according to claim 8, wherein in
step (2), the number of carriers is decreased when multipath
interference is small and, the number of carriers is increased
when multipath interference is great.
11. A transmission method according to claim 8, further
10 comprising the steps of:
(3) converting a serial signal to a plurality of signals;
and
(4) spreading the plurality of signals.
12. A transmission method according to claim 8, further
15 comprising the steps of:
(5) receiving a signal spread by a spreading code;
(6) generating a delay profile by despreading a received
signal using the spreading code whose timing is shifted; and
(7) selectingapathwhichsatisfiesaprescribedcondition
20 according to the delay profile,
whereby in step (2), parameters of the radio link are
estimated according to the path selected in step (7).
13. A transmission method according to claim 12, wherein in
step (5), a pilot symbol, whose amplitude and phase are known,
25 is generated and,

in step (6), the delay profile is generated according to

the pilot symbol.
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15. A transmission apparatus for transmitting a plurality of
5 signals between a transmitter and a receiver using a plurality
of carriers, comprising:

a radio link characteristics estimator configured to
estimate the characteristics of a radio link between the
transmitter and the receiver; and

10 a carrier quantity determination unit configured to
determine the number of carriers according to the result of the
estimate by the radio link characteristics estimator.

16. An electronic recording medium, the electronic recording
medium having recorded therein a program which transmits a

15  plurality of signals between a transmitter and a receiver using
apluralityofcarriers, andcauses acomputer toexecute aprocess
comprising the steps of:

(1) estimating the characteristics of aradio link between
the transmitter and the receiver; and

20 (2) determining the number of carriers according to the

result of the estimate in step (1).
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