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and clains the be~zefit of priority from Japanese Patent Appli catshiem No.
2002-56557 filed Marc n 1, 2002 the entire 10 contents of which are

i'ncarpurated herein by reference. BACKGROUND OF THE | NVENTI of
the Invention The present invention relates to a wireless cwmmmmmﬂ,@b
systemfor a 15 Tnllltl"' hUp connection, in which a signal is tr%nsrri d
between a source station) a plurality of relay stations and a de™hat i on

station, and to the souxce station, relay strxtwns, destination station and

a pilot signal , warmESHCOMMENIEAGION'SYSTEMZORMUL/MIHOP of Rel ated
Art 2u As the wirel ess comunication system a systemusing a singlo-hop

connecti on NEDNNECGTIONVROUREE ISTARON, RADIOSTATION ANDAPII@DNect i on
nmet hod, a station to be a suurce of transmtting a signal :hereinafter

referrpd to as a "source st asi@NAL ESEIDMEEEREIN~ wxzeless link dire,;tly
to a btation as a destination of the trar~gm saiun (hereinafter referred
~,0 as a "destination 25 station"), thus performng the transm ssion of
th>: si;nal. In this single-hope connection nethod, if x maxi num
t ransnussxon poweiCROSSIREEERENCEIED  RELATER APSIICATIONS ge propagati on
| oses and interference noise 1 power make it inpossible to establish the
wirel ess |ink UBhisegplichtiondsbased-iipari and chairhst the bewfit nfipriority fati on,
thereby resultxn~; in lowering of an area

Japanese Patent Application No. 2002-56557 filed Marcn 1, 2002; the entire

10 contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to a wireless commurication system for a
15 multi-hop connection, in which a signal is transmitted between a source
station, a plurality of relay stations and a destination station, and to the
source station, relay stations, destination station and a pilot signal, all of
which are used thercin.
2. Description of Related Art
20 As the wireless communication system, a system using a single-hop
connection method is known. Specifically, in the siagle-hop connection
method, a station to be a source of transmitting a signal thereinafter referred
to as a “source station”) establishes a wireless link dire.tly to a station as a
desunation of the transmission (hereinafter referred (o as a “destination
25 station”), thus performing the transmission of th.: signal. In this
single-hope connection method, if 4« maximum transn.ission power in the

source station is prescribed, large propagation loss and interference noise



c:overage_ To the ribwe problem there is a multi-hop co~~nection nethod,
in 5 which a plurality of relay stations ors provided betwec a the source
station and the destination station and the signal transm ssion is rel ayed
by these relay stations. This nulti-hop connection nethod 1. as been
applied t~ TDVA (Ti m Division Milrsple Access) and CSMA (Ca ~~rier Sense
Mul tiple Access), because the method is effective in the poin t of
preventing the O |l owering of the area coverage and of reducing a transm;
,sion power. In the TDVMA and CS11~I A, when selecti~ ~g an appropriate

transm ss ?Pon%a{]kcfa P dhothl rt{i‘:eis{a\blﬁia HePR I3 180k B

source St% on station, criteriaro a~ detO av0| dance

of 2 Packghepldhdt Qd@E‘Hn{x_@oﬁ'&@aﬁcﬁP‘{ﬁEi Rbuldif; W BRARASLERT dBeyer wer e

used as 1% rain crl wever mhen znu hop connection nethod is
applied tg, (Code Division Miultiple Access), xt is conceivable th. ~t,
conprxred to e TDMA and CSMA, new interference noi se generated wh en the

relay stati OnS TELRY ddGe SIABRIM,| fhdih G CRASRAI-BOY 2o hbetich GostReANed t hat
the increased 2u interference noi se beconea a factor that |owers a systezz-~

capacigy. wﬁiMV&\%\Iu%:H}HEf FIWENTA 6O phiveddd Bhivdian fHeesAitee isBtedl i On i s

to pI’OVI de a wn~el ess communi cation systemfor a nulti-hop connection,

~whi eh i sagdphellestinht1d6 fPh ISl 1@ dpnaNauRefRsob inreayed dyakiessi se
generated in relaying of'signal transnxasion by a relay station. 2 A

first aspegiy oftatibfspr G3eetmulty-®opi ehriestian Wiveehdd dssC besu rdpydteidono syst em
for ri multi-hop connection, which perforns ; ignal transm ssion anong a

sour ce stADMA,(Tamp|Divadibh \WMoluplelAogesd) fartd C8MANCajriedSensenMultiplast at i on.
In the system the source station has a transm ssion unt configured to 5
transmt Acqesbbtbaiagsel thenoiattipdgsi effevtiviei tmtthenpoint orfnpravesfingf ththe source
10 lowering of the area coverage and of reducing a transmi: .sion power.
In the TDMA and CSMA, when selectig an appropriate
transmission path among a plurality of transmission paths between the
source station and the destination station, criteria relaied to avoidance of a
packet collision and to the reduction of the transmission power were used as
15 main criteria.
However, when the multi-hop connection method is apphed to CDMA
(Code Division Multiple Access), 1t is conceivable th.t, compared to the
TDMA and CSMA, new interference noise generated when the relay stations

relay tho signal 1s increased. Thus, it is concerned that the increased

20 interference noise becomes a factor that lowers a system capavity.

SUMMARY OF THE INVENTION
One ubject of the present invention 18 to provide a wwreless
communication system for a multi-hup connection, which is capable of
25 suppressing an increasc of interference noise generated in relaying of signal

transmiussion by a relay station.



station_ The relay station therein has: a reception unit ~ oi>~gured to
receive a pilot signal a required transm ssion power tot ~l calculFition
unit configured to specify a transmi ssion path fromthe source- station to
the relay station by use of information included in the receiv. ~d pil ot
signal and 10 calculate a total of required transm ssion power values c~f
respective stations on the txr~nam ssian path a selection unit configured
to s elect a transrniss~.un path having a minimamtotal of the required

t xansm~ssi on power val ues anong candi dates of the spevified transm ssion
path and a: tr a09ivks abpert Wi theebegnBadntont isan ¥ less @irhpiurséagnal
including identification information 15 about respective stations on the
sel ect ed dysanr@ant@s komylait o rdnheqior, edhidhapepfossiso ngmalerranshirsort her eof .
The destination s~ ation therein has: a reception unit configured to

recei ve aapbhpta siugtattagiohea pluraddy bf aglapissstiars gpoie desohation atatulmat i on
unit configured to specify a tray ~sm ssion path fromthe source station to
t he destilmthersystat) ohe punse soitidmas-a nteensnissivgl yded config@redhty r ecei ved
pil ot signal and calculate a total of required transm ssion power val ues of
respedt i vieagsmit anpiloh stgnal tinghwiam g dilemtiheatiorh infpraaitivat pbnhersouresonf i gur ed
to select a transm ssion path having a mnimumtotal of the required

tran, sznightioon Poegelayaitatsn sheneyn banch-treeptign afmit fanfigyeed 10 sepeive

transm ssion_path and a transm ssion unit configured to transmt a pilot 15
si gnal i nel pdehpipaelnt Bf required ofrangressien ~pewebhotat & cateulahiorn &dk i ons on
the selected transm ssion path and required transm ssion p, ewer_val ues

t her eof . cgnfignged Fespcalyentrapfmasonpath fam thapory stEtion fﬁé?lﬁ Rl ng t he

i ni | f th i.red ~ 1, ; ~Si , | f
Pt T ve SrapaoRk e phdbiarmmeians crandedon Pt SEruRy Lo Ehe andi dat es
f t 1 bm i h of. t i | f th tati t th
oo 15" ARBTLETh BBt ol LB AL} OB Y SEE AL St ' on
i nfor mat 'Qaf ggﬂgmmgmg BEAE A deY& e RLALLP @énﬁgu}ea' ) s%@c??tt?%%x{)ﬁgﬁm gsi un

pat h and e rTée~~urre ansni ssi un power vafrues thereo ansmtted to

the : SourgaShayisld MinAlthddotal Al 3biied bt B8 EIRLA, Stat i on

and the relay stafion, ave receiv e pilot sig can determ ne

the transyy ek AnAfidledAYitAE JRGIFEA FH-RLAHENMSP RAhOhnlNE tF SfkTH8fn
transm ssion power v dues by use of the identification information

i ncl uded' yuyiif cb B hRAq0 \t Bh Pk Al pifdt Gl aliAclulerSidenelichfion SifoSia@dn
perfortneci threreafter and can transmt the s~ gnal with the respective
requilsed dboadSiespedtdfe PRItRnG 41y the aseldetdd erdrsntfidkioadp dthaRad wgudedpowner
values included in the received pilot signal. As a result, the total of is
t he requitranbmhissimnpewkonabeeahevaifueThe eskinansni s1ation thhesilgsala from t he
source station to the destination station can be m ni mzed, the increase of
t he i nt erreesrsinre undt senfimed 4o agceite ebdgt pignel & melwireharansmgsivnssi on by
the relay station can be suppressed, and the_increase of the system

capaci t y boneerttogalaealgulasior e cenfepredionsRagiy 2 P13 Reyssian mathifsom

transi x~, i asl on path horn tge source station to the desti n,atiji)dg station, in

order to tB&IFEBFCEFTatPR AR Lhg degtinatiiLstativahvgse Hfdnt gmatmnesided 18t ¢ he

i d i i 1 i f th ti tati ol th
{randini 4LF SRopEeRPaPT Papal pd cetite Aietah FaRIERPARERTRITRE BN i gnal
I nel udi ngvai‘gfsa'toggrgts' LAt Lo, Lf of nRLT o J0f ;LN gﬁé.;;h; NAlLRANgR Shat! on:

"the rel ay pecifres e transm swnp € source 4

stat 26an cLgel iR 561 o D ASMEE Slul BvlPR! bl hERLEOR A K RHERL | un

i ncluded Tn"The receive st gnal Lhe transm ssio~i path
havi ng tﬂ@%mrgﬂn%%miﬂmﬁfpém VRS Gehdd@RaHURRI O JIOWR gpebisgg anong
t he candi dates of the transm ssion path and transmt: the identification
transmission path; and a transmission unit configured to transmit a pilot
25 gignal including identification information about respe.tive stations on the

selected transmission path and required transmission power values thereof.



5 znforzn. aci an about the respective stations on this transnaqgsion path and
the required transm ssion power values thereof. Note that, as the

transm sgiun path fromthe source station to the relay station, a diz,~e~t
transm ssion path going through no relay station and a transm ssion path
;.;0zng through one ar nore relay stations may be possible. 10 The
destination station specifies the transm ssion path fromthe source Station
to the destination station by use of the identtficat~on infornmation

i ncluded zn the received pilot signal and sele cts the transm ssion path
havi ng the m nilurhetmteabntoinvehaon cduei tr @fshissoenpatihslsawing pheerinbhalumes anong
the candi dates of the transm ssion path. In such a manner, a part of 15

pr ocessi neptakbcfedwareyuiyed trhpsiaédsaet powenialuke of the sadpesiive statpatshore s
performed also by the relay station, and thus a | oad of the processing in

t he dest i thet iranssiistiommparl is eelucted . arhim 2 thé et ndidhtey afsthedrahemisséorsr ni ssxon
path fromthe source station to the destination. station, the direct tray
~smi ssi onpgudt ¢f thei signalhfrougthenoured statwnaoithe destinkhentstansmi ssd the pat h

goi ng through ono or 20 nore relay stations may be possible. In the first

i nvents onpiletheignadnibausking thenidestification infematpid aboyt ghal respeetive

transm ssi on power prescribed in respective transm ssjion power val ues,
respect i vagionh e thispielested fransngsienapaty aad she gpivirgd drgpeamisstonuni t
configured to neasure a received SrR obtained whey ~ receiving the pilot
‘2?5 si gnabowemaaluajuthergof iastanseittnd powke fovres skrtapr Angd ithe t¢ht s have a
power val ue cal cul ati on sub-unxt configured to calculate a r, ~duired
transmi sgitafon. pdhas, the destinatanistatiantand the aelay s@gution yhigh)yhaveom w hi ch
the pilot si~~ral is_transnmtted, by use of at |east one.of a transm ssion
pover valigseiyediThe PHMeEaRb| ApIRICERRY T AFFRHDISERE Mt heding Bt ved 91 R

and a desired received_ S1R and atotal .cal cul ation Isub-unit conf.igures! to

cal cui¥at emuaynymy, ot ng&’feéﬁﬂi“fré’ PRADSTHTReR RPWRIWE UGS Rie 58 0L BREect i ~ a
tati ) . 1 SSi h . f i.yed t L, SSI. wWE

vai ves s P BEaAPE A PEEA R R s Bt E Al St B R AR oo on

power valtl%gp%%lti%g %‘&)Gé\gfofr?lredt ﬁﬁ-efe:alzgﬁe)tr .t? gnal; &Xn&{&‘% ?@%‘%{ﬁx\fﬁqlcxﬂﬁhcﬁlecm ation

sub-uz st e€sent I nven e relay s at és a

required 1Q I SSi L &hi j J~necoi ved
SIRinNn thljesz Mﬁ%@ﬂy&&rggﬁ%&g@g%Jgﬁ&y@@%&g‘;{hgﬁé tthe}%{i &g%%%ﬁfségjiog a power
val ue in i i L.OG; I m aphi, G. i final
is transg%gdﬁ@ﬁ%%%gg?@ﬁeggﬁ%asu % %ﬁﬁéﬁe %éggﬁ%’ﬁﬂ%}éo?ﬁle@%i | ot sa
fi nalysandpehe 48R @dnsfeRiMefowbRvaRiad iaddendRitah] b & r @6 f1ad

transm ssi on powor values 1~ 1ncluded xn the received pilot signal and the
redui r ed doaéts BissdrP fo PRMVERsHRA1IG) Godisen ah R bef Bininhee®) tHal irfergiiRl of Thus,
the tc.tal of tho required txansm ssion power val ues of the respective
stati on ahetiheerfarenssmoieigafeabdin relayinpeoftThe wighad tedrismmiskidntiyerheel ay
station can be calculated. This is simlar to the destination station. z0O A
second aspbayt switionh@Qrpbesepdressede anidche iscrenss of ithresysteami capapity famdni ng
signal tr anszziission with at | east one of a relay station and a

dest i nat ithe aveatcbwerageitandecheevetat i on conprising: a p~ lot signal

gener ation unzt cou$gured to generate a pilot signal xncludzng xdem

i fi c&Pi on i nf ofirERr&imeafie ttranmisgwnoRadblesmy e ssutse eHeigole ddest at i on;
an,| a transm ssion unit 25 configured to transnit_bhe pilot signal by use
of H pov,desHngrescpiatiam Aonoxdes for aSRT GRT dKapURISE \PaPaER haying gbeni rd
aspect of the present jnvention_is a radx~. station Eerf rmng sjgnal tr
ansmmsi , JRIARH teta I‘é(ja@‘F TSAUIISH tranypisslon BeweY ¥allg 'Péltg‘? ISPREYA and a
destinration stati %r;‘e the radio stgt\évn conpri si ne? a lLece tion. unit

conf i gur SEREORF ECelRfe LEANFHETOR  RATEh M5 JGiGi FBUCT AAME HFERYPER Power tot al

pilot signal imeluding the identification information of the destination
25 station.

The relay station specifies the transmission pith from the source



5 calculation unit configured to specify a transmssion p ith fromthe
source station to the relay station by use of information included in the
received pilot signal and calculate a total of required transn~i a~ ion
power val ues of respective statiuz~s on the transm ssion path a selectio n
unit configured to select a transm ssion path hav~,ng a mninumtot al of
the required 1U transm ssion power val ues anong candi dates of the spscifzed
transm ssion path and a transm ssion unit configured tn transmt a ~,ilot
signal including identification information about respective station 3 on

t he sel ectediddy anshe selagrstp@sm bgndser elqphierident: fieatson S5 o apiowakch@led~es
thereof. Here, the radio station corresponds to relay ststion, destination
15 station thed ramovédrpiddtatigmal f aeleetd ahei transmpassi bpacht haeargruhecat e by
wirele ss. As the transm ssion path, of the pilot signal, fro mthe source
stati on t mitlmunel wyalstodit ihen requided eohntmasson ssivoar valiesge@iomeng hhoeugh no
relay station a.nd a transm ssion path going through one or nore relay
stati ons @uhdidgatde qfoske biransridspon t patds pact todnshe: ptls eimentufivetibhon is a
p ilot signal used in a wireless conmunication systemfor a xnulti-hop cc~n
aeet i dn, uwHermyticomheart ftbe nesppetivgsaktionmos thissironsmessine padoundehst ati oi ,

, r~plurality of relay stationR and a destination statican. In order to e~
gabl e sel mspuiited Bfangnassion pawer yelups thardefhallckythutnas thertransotisgionf
regnreo transm ssion power values of respective stations, the pilot signal
in | odes Paldnfrom the pejrce statien oo the relay abeiden.: s diveck pa@smissien patlons on
the transm ssion path of- the pilot. signal and required transm ssion power
val ues t heqing througgofrelaystatpa gnds tltawemmse%ﬁﬁ?h Hodg thepugkope @f re | ess
conmuni cation nethod for a Elrgel ti ~t1?Lip connection, which pexforns ..ignal
transm ss¥8RE b AUQNE JIAYCRP BRSFRIBN, plurality of relay stations and :,

dest !]g)ﬁti on st a,i,]:_lond anan. rec%i Vi n? ”i]ﬁ%‘g i;Ott slllgrr‘]‘aj from flgﬁ” soqglce .
statith ~ di recty,“CHEIFEP T 2818 PRIF'tfe d80r'88n &I atst Pa4" SFR % ho pil ot
g AT T
station, i&a?c?rﬂtioﬁ ?Hélﬁﬂe& %ﬁgevxee%el‘%jeﬁ pilot signal and sele cts the transmission
path having the mmnimum total of the required transn.ission power values
among the candidates of the transmission path. In such a manner, a part of
15 processing necessary for the selection of the transmissim path 15 performed
also by the relay station, and thus a load of the processing in the destination
station is reduced. Note that, also as to the transmission path from the
source station to the destination station, the direct trarsmission path going
through no relay station and the transmission path poing through one or
20 more relay stations may be pussible.
In the first invention, the transmission units tr ansmit a pilot signal
at a transmission power prescribed in respective transmission power values,
respectively, the reception units have a received SII: measurement unit
configured to measure a received SIR obtained whei receiving the pilot

25 gmignal, the required transmission power total caleulation units have a power

value calculation sub-umt configured to calculate a r.quired transmission



to and a desired received SIR generates a pilot signal inc~udng
identification informati on and the xequi xed transm ssion power v:~lues of
the source station, and transmts the pilot signal by use of ri pow ar
prescribed in the transm ssion power values of the relay station. The
Sk.~cth aspect of the present inventi,~n is A wreless ~5 conmunication
met hod for a multi-hop connection, which perforns signal transm ssion

bet ween a souxce station, plurality of r,:lay statiorxs and a destination
statiaii, when receiving the pilot signal f~ oxn the other relay station,

the xel aygmva; VRN BAS IR R AREE y&qdﬁg;uatmhh&om wRlehSiNRlot §

g aAaquIrxtes
a required transm ssi on power va = ource station by ur’e zU of at

Least a t{ARsHssHtRA, w@grg aﬁaéyrea%t otnlaeotsé)w Pﬁkabh%wérh\%ms%?%@d

received SIR and a desired receil ved bpecifies a‘transmssion path from
the souxcfinkie@ialy tfRebdBnt Qtaton! fhd %oé%ﬁré@%e@glvéd‘fﬁﬁrhndté QRsirag! uded in

the received pilot” Signal, calculates a total of required transm ssion
pover val gesiveld SHSPSEd h\&@tz&t@néﬂaﬁo%utbhﬁnt caRBEES Pead@ilBtd 4 Xotsze ~f
required 2~ transms,ian power values included in a received pilot signal
and the refjueqatkedr apsndsRsivn FOMr walue Gfl eedpatede f fatidwg lni kRE signal,
srslects a 8 transm ssion path having a mninmumtotal of the ie<<uircd

t Xwnsnxs nranpmission glavk byansensf wandicdatressmissidicpspecyived ihdladsdigs Li on
path, generates a pilot signal including identification ~nformatiun and the
redui red a reqesved pilotsignakand ahaesquoired hearsmisgen sloateronluapgchlaaadnm ts t he
pilot 5 signal by use of u. power prescribed in the trransm ssion p~~wer
val ue: offOthberpé]ua)%lgtadrhyaﬂme pbwersenea thlcakypant sudf-utdte present invent ion
is awreless com‘rum cation nmethod for a nulti-hop connection, which
perforns signallnt thesmesentomnyatticeenthe saaycetasivat cdnulapéwraakeq\;az@d r.:lay
stations and a 10 destination station, the destination station neasures a
receiWed BRASHESAIOR RﬂW‘ﬁ‘t vglugnahat satisfiesathe desireduiacetved SIRrianthsi on

p. ~wer val ue h %ﬁatele/ ecedlaﬂr}g station, fromwhich the pilot

si gnal i STPEHEH yt]%‘ﬁ’ce £ Eatigh by yseatdhe Semamigsiperpopar e in fee

i medi at el ~~r n tation, Ieaslt1 ﬁn of t he neasured recel ved SIR
and a des’f‘{% }&3«5 )é‘% é“lqﬁ Sta&?&lﬁf% whot %trﬁ”§§?ﬁﬁ5 H@t"ﬁ”FFTS t he
t dest t t f t | uded
Tothe r kS d?@ﬁ e%%%rred?n't ?s%ae%%fgﬁ%ﬂ%@% Senploi FRuteRed osi on
I t he. t b f
equi red r??%x%%%@?ﬁanﬁ a2 08 A BE 280 ek AR Rsh PROp AN gna

and e AANGEAC fﬁ&%@aemdoguep ST o b SURHE LR Bh JAFP O

signal, selects a transm ssi Al num roqui r Ed

transm ssiadfe R@W&ilav&i Y8 &@PQOG%QM at?ﬁué)f ;1#41% BHe6f frh dr rdol m ssion
path, transmits a pilot Signal including identification in I on about

r egpect Wersishisensh powéiealae ef:ﬂeedretspe&wemtsaslbarbnp@mraﬂg&n{s%wa £9
transm ssi on power values thereof. zs BRI EF DESCRIP' rl ON OF TJ DRAW ~ NGS

FIG 1 sliwss tholsoukcedbmgionmoftha ghagrahtisnshem’ bei eale@assd.t ulh@nisof a 9
wi rel ess enxnnuni cation systemfor a nulti-hop connoctian) necordin~ to one
enbodi nesinmilgr & tRe destisatiombtgkondi agr am of one constitur.i~nal exanple of
a
20 A second aspect of the present nvention .3 a source stafion
performing signal transmission with at least one of a relay station and a
destination station, the source station comprising’ a pilot signal generation
unit configured to generate a pilot signal including 1deniification information
and transmission power values of the source station; anl a transmission unit

25 configured to transmit the pilot signal by use of a power prescribed 1n the

transmission power values.



source station shown in Fi~v I. 5 F1G_ 3 shows a flowhart of one exanple
of a pro.~essing in the source station_ FIG 4 shows one structural exanple
6f a pilot s~~;nal transmtted by the source station. FIG 5 shows

transm ssion paths when relay st. ~tians rrr~nsmt pilot to signals in the
wi rel ess conmmuni cation systeru) FIG fi shows a block di agram of one
constitute onr~l exanple of the relay station shown ix~. FIGS. | and 5.

FIG 7 shows a flowhart of one exanple of a a.rocessing in a relay station
in the case of directly receiving a pilot signal fro.n a source strxtion (a

15 second hop) .5 Fhik@asﬁé@tm\f@ (Ha8erst invehtibalis axam. etaiomppifornimg gnal
received by a relay station of the second hop. FIG 813 shows one

struct urg; Bhemafsich Rikh ht Haabahe bf ansiidd adtby bhelayesayiontatd on of
FIG 8 g.aglglgﬁ(% 9151 sbliuowsla fl omchart of one exanple o a ~~roceASing in a

relay st aa“&hlbt'irgnﬁdiﬁ £a68n OftheeqRil NPatiuwi ¢dhprkignal af rawption, thér rel ay
station (a thixd hop and thereafter). FIG 10A shows one structural exanple

of a pil YonPigupel hefRbiedabyile: sighay stiebuiredi rranbmisdion povepy. tEalG. 10F3
shows one structural exanple of a pil,~t signal transmuted by the relay
statign qfa1dihGon! 4t co@figured to specify a transmission p ith from the source
station to the relay station by use of information included in the received
pilot signal and calculate a total of required transmission power values of
respective stations on the transmission path; a selection unit configured to
select a transmission path having a mimmum total of the required
10  transmission power values among candidates of the specified transmission
path; and a transmission unit configured to transmit a pilot signal including
identification information about respective stations on the selected
transmission path and required transmission power val.ies thereof.

Here, the radiv station corresponds to relay station, destination

15 station, and another station for which it is possible to communicate by
wireless.

As the transmission path, of the pilot signal, from the source station
to the relay station, a direct transmission path going through no relay
station and a transmission path going through one or more relay stations

20 may be possible.

A fourth aspect of the present invention is a pilot signal used in a
wireless communication system for a multi-hop comaection, the system
performing signal transmission among a source statior,, a plurality of relay
stations and a destination station. In order to enable selection of a

25 transmission path having a minimum total of required transmission power

values of respective stations, the pilot signal inludes identification



"I G 10C shUws one Htructural exanple of a piles. signal transmtted by a
relay station in a fourth hop and thereafter. FIG 11 shows a transm ssion
path when r~ destination station transmits a pilot signal mthe wireless
comuni cation s nstem 5 FIG 12 shows a bl ock di agram of one struct~-~ral
exanple of the destination station. FIG 13 shows a flowhart of one
exanpl e of a processing in the destination statzon at the tinme of receiving
a pilot signal FTG 14 shows a bl ock diagram of another constii utional
exanple of a 10 relay station, DRTAILED DESCRI PTI ON O-k' EMBODI vIENT Wth
r ef er encenfermagonrabwinnghe @apertibodsatieant orothe heamprieseion pmleof tlon wi | | be
described below. 15 FIG 1 is a block diagram show ng a general sche matic
const i t utpidet sgnal sid et@ssed bmmsniission powsy yabiesftber®fnul ti - hop eonnec |ion

according to tine enbodi ment. The wirel ess comuni cation systemof ~~ 1G 1
i s constituted Bie Gftbraspeet @fttémmsqm imvphupalis awiwfleseteaymstntitons 2
(wh~ch axe appropriately denoted as "relay stations 2A, 2%, 2C..." for the

respe di veethgddayormameltshoproangctione sthichresformsat igmal Aragsmissbepect i ve
relay sta .ions 2A, 2B and 2C have basically a simlar constitution. As to
a tr ansrhetwepsm wtrhe &trﬂtwnqipwhfywﬁz&lrayweuwx@ deatinaion stdiamhe
destination slat ion 3, |thgre ar a transm ssion Path in which tha signal

i s directWyeR AaFRIMNRE élb‘? 13 s@ﬂ%@‘%?&‘f’icérﬁti 109 dikecthedhp Fatavon

3 d h h ~ db
being 1 elsaéﬁanfmtﬁ%,%&%?o%i@ﬂ%wwﬁ@lg e? “%%8 PEItSH%ePf’it &Slmﬁge%'abéég?e?n} eachi ng
t he dost f tatl 5i
Wi (rael gzsl g%ﬁ?ﬁgb%’t %8?(81’ Vﬁé‘f%r'f? (ﬁ’e tsﬂBNﬁr ‘[étg’g’l‘?fll ?%\Véﬁtqfdﬁ leﬁé‘r ‘PB‘F & is a

o ~ t he
g Bﬁfgzség g%x?so% Srfma{ﬁﬁo‘?égg ?L pec @m}réf 5 %{rg;th\\(ll’\/ﬁ‘?gg‘%rp?g%u ﬂéﬁ?é ﬁ; eferred
to agy"regiy £9ﬂ=ts{]1fe§'}§931§§& QRP ‘éﬁérg{‘f@% c%t Stliél ng 18 :uﬁz{yg (’i‘&‘ltnqgh tidn

transm SS1 on aylng a m h ni-ssi on

pover valiygs aQ-R'PQhQaie%%ﬂd &%Jﬁﬁ@ﬁw pgwg;a‘;aﬁ ay Afb ea{ntl I'n order

to performthis processing, trrtnsrni ssiox t signa

descri bedrd@s€! ahé tPﬁ{sfrﬁftH&ﬁe tiﬁfd%rs%gﬁﬂlrb‘fl%% fo& rmsmanr BEésQ!n'B@H ifggal .
Herei nafter, detail ed description wll be made for the proce9si~ig in the

wirel ebstﬂeﬁmﬁmunwemlawbefheofelwgtd@{cﬁﬁent invention. FIG 2 is a
bl ock di agram showi ng one constitut Tonal exanple of the source station 1.

Tho source stafllhen dixtls @epedti toff echeat pyR@at Q@hvéntRid Os SiAN@lire@yder ati on
unit 11 and a transmission unit 12. FIG 3 is a flowhart show ng one
exanpbe cbmampnracsni mgthod fdrea hhubiropeconnattian wlidhhparfar@s aignaf an
establishme ~it processing of an outgoing wireless link is a,nstructed in
Step 1, t¥angmiseionsbetwWéumla g@meastiaoinnumilmraiitygénsﬂay egatibns Sndpa?2, a

pi | ot signal by making identift ~ation information of the source station 1
(her ei naflegsinabiganitatiogatilsn ﬂ‘?ﬁ%‘r’mﬁath%ﬁﬂét sgenal ot pon the othenselay a si gnal

IS appro rlatel ref%red to as a "trap smg station ID) 2d and a
transm s3%@&Hho Yu&tAHeR JHFAFHICS ?r%‘ﬁ?‘&ed et F%IR} °tt pgnal,

transm ssi hgower val. u%1 ﬁel n reV| ousl )(1 ete f;trsﬁ |cmj as a r for transm-
sting t hERlPIES & TRARITed agprS i e At e L e S APt Sy s 1o
t he ner at il o by use of nsm ssi on rescr' bed by
t he ansﬁl ggf%& abt&/\?ex}b & 198 POV T, ]tuﬁe %Ieoﬁougf At ‘{ﬁaﬁg‘&'g?%bd‘rﬁ&om t he
received SIR and a desired received SIR, specifies a traasmission path from
the source station to the relay station by use of inform:.tion included in the
received pilot signal, caleulates a total of required transiaission power values
of respective stations on the transmission path ly use of required

25  transmission power values included in a received pilot signal and the

required transmission power value calculated for the j.ilot signal, selects a



?5 source station 1, there are r~ case where the pilot signal is xeceived
by any of the relay sl.ations 2 and a cage where the pilot signal ~ a
revived directly by 12 the destination station 3. FIG 4 is a dngrarn
showi ng one struu~:ural exanple of the pilot signal in this event. The
pil ot signal includes the tran em ssion station |l1la (the identification
information) o the source station 1 a.icd the transm ssiun 5 p~wex val ue
thereof. FIG 5 is a diagramshowing a trt~nsmssion p ith when the rel ay
stations 2 transmt pilot signals. As shown in FIG 5) fo~~ exanple, when

the rel ay,gfaj | ot t5i1NGd thd heN@irad ar@ndmisasyti Ssi on
&ﬁ?@%&k%&b%ﬁﬂﬁ%ﬂﬁ%lé R Rinh@h tetAng ¢ (&iréd @r@ndm

path in ot sign is transmtted directly fromthe re ~ ay

station ﬁp%v&é} VAlGed AmBgglchRaldae8s o thel PRcidicandadsmisaiospath| gangratds in
whic:n the pilot signal is transmtted fromthe relay station 2 to the
destinatipn,q,st @EheD BcRRIiAL Medtii@u®h tReraiditm rehdytist atdyoireZl3 or 2C.
It is also g imlar to the above when the relay station 2B or 2G recei ves
the pil Oty ghgmM@kiod HoWekNealaesiLgahst @lurad station,Fakd tBansmits heckilali agr am
showi ng one constituti, anal exanple of each of the relay stations 2. The
rel ay 5st adibRa By Whe GF @ pdweri pregoyibéd initke tomsemissionpumen vaties ofithea
received SIR neasurenent unit 22~ 3 decoding unit 23; a required

transm ssieddy peitfdn.t otal calculation unit 24; : ~ selection unit 27~ r~

pil ot signal generation uzut 28~ and a transm ssion unit 20. 20 The

sel ection unit The hasveatlst aspept sfb-thei pre®nandnyemifiald sdn™imethit 26,
and the required transm ssion power tote | calculation unit 2.4 hals a power
val ue cal cmtmuniatgmbmethed $or anaudtithsparonnectionamitdeh PeBLoERS; SigHe

Herei nafter, functions of the rcspectwe unitsi wiI’£1 e des cribed, FIG ? is
a Fl owcharansidssion) hehwees B5PBresf s@tiong JaUEalHy Phhre %t’r"&ﬁdy’(gtﬁati on 2
in the case of diroctly receiving the ~ ~llot si gnal fr.on‘cult;ﬂ?\t S‘(erjlg ce
st a. tHoon destinagiozori@tiodp phe Agstinpfomsgarian maasure: a KEEPYRC ittt Y21 ecei ves
the pile-t signal tranynjtt.ed fromthe source station 1ol %e%an, t he
recei ved Bt fagRYr cfbRTIAMRT t 2 23 HPEY HEDSIIRRLT V BAVEF RY

Sl gnal -to-Interference, Rati o) at.the ti [ b Vi B | 5

gi ggal . ﬂ%mﬁé{?&ﬁg’rﬁreﬁ?‘ﬁ‘lpgﬁa R s ‘Y}ﬁléﬂigggﬁp?’ff%%g% |§Q%nltq%?t éé)(?mgtg)lt on and
transm ssjion power val ue of r t:at . Q8 i i | ugked in the
recei ved ‘ﬂﬁ'q 0 astfalbsrfléﬁgmflh%o‘%‘%%‘r’%@ge&?t%-1%‘?’? H&%@ lg\tlyfc}lregiﬁlﬁ Egst%ﬂ%’ e

i dentificati 1100, RS S 688i espifiesr val ue
cal cul at | e ot BB B e e o T o

cal culgat i n, Uit 2% n Qe atsH L RE 8SuiteRatbA 6lthd AARTI RSO RRYWSyY & ue t hat
say I'sfles a desirod 'SIR I n the source station 1 by use of at |east one of

the meal gegthraasbUeRhcBiddd i tHeSietaded gsibitvsignal, Radndatdweat tiarlsaf ssi on
power value .~f the source station 1. This calculation is perforned in such
a manner feduifld fransBASIPH € potvedi Vabuencel bekpedivit hetatmasurad thecei ved
SIR and the ~ leaired received SIR 15 corresponds to a difference between

t he transthansimssiowerh baluse cirdqtired teapsmissionrpays i wdbehindudad il ue. The
storage sub unit 25 stores this requirod transm ssion power val uee&{)y
associ at | smeewivedptlbesigdahand thareargdignsasdpn QP“’Fﬁé{aM%‘ﬂgf ion 1,
which I's previously stored. In Stop 13, the pilot signal.generatjop unit 28
r eads2@out forHdeaulqtoranak isglectson raBRISECRIRE ‘F‘QELHQ FBB“%P%EW’S%PW power

val ue of the source station 1 fromthe storage sub-unit 25 rind. era tes
a pilot simEeaHyehEIAnTRIEHaN RONE-HYES iaﬁ"é‘Hgﬁ ﬁ‘f’b@ﬂﬁ%s’oﬁ, aledéﬁeglﬂ?eﬁgati on
i nfurmatl un c~f, the r_craalaﬁy stati on and transm ssi

. SPtetne
zm ~s, tWENEFUARIAR s ALY pBaBTYE fo B@?rhgs’gﬁ?ai lﬁégyc&ﬁgﬁgﬁ%%e%}idyﬂ]s? at: on

tran=mts, g pilat signal. 25 In Step 14 ..th 1.5S1, Q85 LAN ransmts
the ~; exl Q&Q’EIEBHBPI UhghipecHy® ﬁ§ tm(%ﬂ‘s oft fl?eaﬁegzﬁétgg?g}ﬁ%%%gy%g'gg (%Ir%}&bed by a

transm Ss%gqul.lipeodﬂﬁ'ransmission power values thereof.

25 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a block diagram of a general schem atic constitution of a



14 value of the relay station. FIG 8A is a diagram show ng one
structural r xanple of the plot signal received by the relay station '? in
Step 11. FlIt~. 8B try ri dl~igramshow ng one structural exanple of the
pilot a~gnr~l trr~n .rnitted by the relay 6 station 2 in Step 14. As shown
in FI(1. 8B, the tran emitted pilot signril includes the transm ssion
station 1D of the source sta~,ion 1, the required transm ssion power val ue
thereof, a transmi ssion stat ion ID of the relay station 2 and the

transm ssi on power value thereof. FIG 9 is r~ fluw-:hart illustrating one
exanpl e ompewésoscﬁﬁﬁmﬂcmdmyéemrﬁka;ymsm@mogrbo%nb@qim%1&aﬂﬁngfto L@eel ving a
pilot signal f coin the other relay station (a third hop and thereafter).
In Step 2dmbbAEmeLgepti on unit 21 receives a pilo~: signal transmtted from
the other relay station 2. In Step 22, tho received SIR neasurenent unit 22
measures a 15 rPI®| ReshdwRaabldcRedikigf@mod] b€ &oxbtith fdraalpédaatiplsi ¢ghal . 7' he
decodi ng unit ~3 decodes all information included in the received ~ pil ot

si gnal . Tehace siotismehowniindigdes, ~n the third hop, the ~der~t~ficat~on
information and required transm ssion power value of the source station 1,
and i dentificatFb& 3 shewaniflowrharndf end exnsplesstizopraooymeng vakhes@lfrcé he

i medi ately precQding relay station 2, fromwhich the pilot signal is

t ransnut estationThe power val ue cal cul ati on sub-unit 50 of the requzred
transm ssion pover total calculation unit 24 cal culates a required

transm ssi on poikd. 4 zhewe onpstrusteralfexempde dégipiled sghalitnansmitiethbyli at el y
preceding relay station ~ by use of at |east one of the nmeasured received
SIR a dediersadireestadiqled SIR and the 2s transni ssion power val ue of the

i mredi ately pr gégledirng relay station 1. In Step '?3, the total calculation
sub-unit : ~1 HIG-HR Shewsitrarsmission paths What splap ShetioRdtmmnsatt ®ipat i on
unit 24 adds up. all of uired transm ssi on power val ues included mthe
receiVed %Jgp?gtmsqh@rfﬁﬁreé\é\g COMENPERTORAYIEB s ssi on pUMC | - val ue

cal cul ated for ilot signal =y the power val ue cal cul ati on b- unit,
th us cal cul at ilﬁgsaé)tg.howtsaﬁ %&CH‘I qi%gp}x_n LﬁnreeccH‘%“f"F’Q%frf%ﬁnBrF Bg val ues
of the res j Ve at ] ons v he ansm ssion path of the pilot signal.
In Step ff?a%‘t;%{ea\éﬁ%l%haorv?%b%%ﬁgitjjrﬁntdtéG conpa res the total of the required
transm ssion p : ' S c I r iJot signal by the
required trans%i%%hﬁagrﬁ?%tgg?hc%tf@uﬁ %%%ﬁleu%{gﬂ'rég‘f S{)no‘ & foralY of the
10 requi reghibhaRTHL TALOBE BRYGTy Y& WAtz 3 MIRGiFh Lo Sl LEolIE s?r#?dfmt 25_ It
" the calculated total ~f the required transntssion pow- r values Is

snal l18r tdagsnd Bepptored total, the processin~T advances to Step 25, and if
not, the processing returns to Step 21. In Step 25, having found out that
the transni ss iRIG.3H shébs bhe sfiueBiral Sxan@Iabf & Pl i@ Fes@v& bpat h havi ng
a mnimumtc,tal of the required tranbm ssion power val ues, the conparison
sub- un ~trekiy stadminesf thheecatehhog.i cation i nformati on and required

transm ssion po arer values stored in the storage sub-unit 25 by use of all
of the idonti fiFd& EFhshowsomatstomtard eempleed 4 pins sigsil arapometedval ues
included in_the I~ilot signal and the 20 required transm ssion power val ue
cal cul at éﬂ%rreﬂwsiarﬁqmﬁgﬁﬁ%l%ﬁ-pr eceding relay station 2, fromwhich the
pilot signal is._transmfitted, by the power value cal cul ati on sub-unit 50.
specPfical Iy, %}JG seshows Phti‘?‘f’%}lﬂﬁiqf iOB8t PXFRR I8V e Emsdy aslaved
transm ssi on powex vzlues far. the re pecti\ie stations on,the transmn ssion
path of FF%%‘? 'Btthe; Feg O TFFEW‘%MM?’&@W SFomeanyther yelayestatigpage
sub-unit 25 ., upd d. Laffer the above described updating, the processing
returns ltglrgtlé%’ ﬁgiﬁ%re?ﬁ 1')f‘or egoi ng procwssing i s repeated.

FIG. 10A shows onc structural example of a pilot signal received by a

relay station in the third hop.

[\]
3]

FIG. 10B shows one structural example vl a pilot signal transmatted

by the relay station of FIG. 10A.

10



16 Meanwhile, in Step Z6 i mediately after Step 21, the conparison
sub-unit 26 determ nes whether or not another pilot sigt gal ha9 been

al ready received. If'" no ptlut signril has been roceived, the pro~esr~ing
advances to Step 27 and a built~tn tinmer is started. In other words, the
bu~.lt-in timer is 5 started by taking the txrst tine of receiving a pil ot
signs i rxs r~trigger. In Step 28) by use of the built~in timer, the
conpari son sub-unit 26 determ nes whether or not a fixed period of tine has
p; ~ssed. Up until the fixed period of tinme el apses, the above-descri bed
proces. ;ing f o SoePsilvd SnShBRcARal exd@piada pilandigniat tpmecditedng
advances to ~ tep 29 as the fixed U period of tinme elapsed. In such a
manner, apddelhhersandisdateardf hdhand thasaftesi on path fromthe source
station 1°to the relay station 2, a transm ssion path having a m ni num
total of xequi rpgd. tinasldwssd aranawemsornlpsb athemha elealisatioh stador x. ~ced
period of tinme is selected, thus resulting in a state where the

xdent i $C Al RAniraf0p BT dignalmc heewireleed comanswicsgiwavgewer 16 val ues for all
the stations an the transm ssion path are stored in the storage suh-unit
25. Iy Step 29,FIGJe12)ishOWSsétgﬂedk@mﬂaliaﬁmnmistru%'l\ﬂéaﬁﬁ“tﬂ}? af e
information stored in the storage sub-unit 25, that i ~) the

i dent x~f i deatin@Bionrdtationt i on and requi xed transm ssion power values fo ¢ all
the stations on 20 tho transm ssion path h~rving the mnimumtots L of the
required transBISsi bh showera Vidwobart Qﬁ@%eﬁ@r@f’gso%lapPT%’?SSSPﬁrm;Le by

maki ng these information, the identification_information of the vela ~~
station Hestigsarion statnpmtsbe srmpefErcedngd BTG 4nes, the transni ssion

power val ue bei ng obtai ned when the rel station ransmits pi | ot
e xaal i ¢ 10 ddemowszsblock dsograsn AEAndhat come HeREr el Saher
vralue f'. ~r the immobd~ately preceding relay station Z, which is included
in thHe r aelaygipdipnsi | ot signal, is 17 repl aced by Lhe required

transma: ~si on power value calculrited far the iix~nediately preceding relay
station 2. In Step 30) the trr~nsrnission unit 29 transmts the generated

pil ot signal by use r S b iped |,y the

transm hsion 5 pomrﬁ)@'&{‘@?ﬁ%@@%@@f?ﬁ%@% 10A is a diagram
showi ng ono str, u f - 1l | inleRgcbyr ad k&g r el ay
station 2 in St\g%%z%&eﬁ%%még%gi g}g’ﬁgféasg%nm gﬁgﬁ'lﬂg one st?%rteur al exanpl e

of the piiﬁ%&nﬁ%%‘rﬂfﬁ@&e Aitehafkidy, the relay station 2 at the thud hop in
Step 28. > I's a d~agram showi ng one
15 FIG. 11s a block diagram showing a general sche matic constitution of
a wireless communication system for a multi-hop connection according to one
embodiment. The wireless communication system of FIG. 1 is constituted
of a source station 1, a plurality of relay stations 2 (wh.ch are appropriately
denoted as “relay stations 24, 2B, 2C..." for the respe ctive relay stations)
20 and a destination station 3. The respective relay staiions 2A, 2B and 2C
have basically a similar constitution. As to a transmi: sion path of a signal
from the source station 1 to the destination staton 3, there are a
transmission path in which the signal is directly transm itted from the source
station 1 to the destination station 3 and a transmission path in which the

96 signal 1 transmitted by being relayed through one vr more of the relay

stations 2 before reaching the dostination station 3 fron. the source station 1.

11



10 structural exanmple of the pilot signal transmtted by tJ ~e relay
station 2 at the fourth hop and thereafter in Step 28. As show~-i mFI G
~.0OC, the transmtted pilot signal includes: the transm ssion stati,~n ID
(identification information) of the source station 1 and the required
transm ssi on power val ue thereof transm ssion station IDs fax all the relay
stations 2 a~. the I 5 transm ssion path, in which the pilot signal is
transn ~itted, and roquired transm ssion power val ues thereof and the
transm ssi.an station ID of the xelay station 2 and tho transnission power
val ue thereof ;1 fhfe WirelSsacsthagmramtshowystgra ofr ths Ared@nELHRhen t he
desturation station 3 transmts a pilot signal. There are a transm ssion
path in %5\@ Aokl 8iFeadssing bf adlsuliatingd rARYMSEHE BRELY yalugs i ati on 3
to any of the relay st~rtions 2 and a transm ssion path, i@lgwhi cﬁ t he signal
i s transpjt tigd sduF@Chatido 1t hadsther vaspeerare galay £iaHShE BEEERAHST i on
station 3. FIG 12 is a block di agxam showi ng ono,consti t ul ‘gﬁﬂglaexarrpl e
of the deshinal i@ asstaiguired triffsanidsioni PAW Y2818 | GRP EFRRCEREA g
constituted of a 25 xeception unit 31, a receiyed Sl Re?ﬁ'teaswigr{&gt uni t
32, ~ degQMisidistidint pA3) bavireyai meginewanarak of dhepbNeRrety FATPREET I ati on
unit 34, r~ selection unit 37, a 18 pil ot sign:~l g}gnsegat L?Sg upjt 38 and
a tran: ~ghwskomluss amondantidites of ik fxegeing WA HELSSOR B 3ge " Sub- uni t
3~ and a conparison sab-unit 36, and the requised.transm ssi . r total
cal cul at bedextmi perfsinh dsisgprocaasing & "é‘léﬂ%:‘&}séwqh? '%Hﬂ%h%-gﬂ[#l ft§s %%@%Eg&g t ot al
cal culation sub-ut~it Gl. Hereinafter, 5 functions. af {hepifapekbsve units
will be dmeerisedriopmed bafore stransPyfpWatl PIERTr 3P1'hg one exanpl'e of a
proceswng in the destination statio when r .00 id Rhboluziagmal . In
Step 31, detsided e@@ﬁrlipélﬁnuﬂlﬁ i’f r“é%c& &8& t}epiﬁgg%li alﬁ ?lrlgnglr%%tlted from

t he source station 1 or the_rel ag St tiv%ﬂti% 10 In Step 32, the received
SIR masuOMHﬂlqamPtSYSEelﬂﬂgyﬁ?B BSEIT HESIVed SIR at the time of receiving
the pilot signal. ~~ he, degcoding unj ' hNbedwpld ¢fithienc| uded
in the recei vedlf & %P@ﬁ‘i&ﬁ%’%"% ﬁ%léwlﬁ% g’r?érg%?%ﬁ)a%ghgn erggrrpl e, included

are: the identific 3ti i nf or mat j RRtEECA shat dfenpilotasighdlhe
r equi r ed SeREFRHEREORGH 8@9&??“’6%4&9%@%% %gﬁnd 15 the identification

information for. the.r egtL ion Shatigons ~ on the transm ssion path,
in whi ch EeRETARPB ML gﬁgf’ﬁiast ?Péﬁg%’!%ns ed, and the required transnission

pover val ues t rtﬁf(f 1s NOhBwihaly siswing érite ekaitiplk af al proeesisgiingtheel ay
as

station 2 that beécome the tram m ssion source) the transm sfsi on power
val ug is Jncludeds hngt eagneh 4 hafte ofuid edtdlbliisne gsipgeressing o1 an

outgoing wireless link is instructed in Step 1, the pilot signal generation unit

11 generates, in Step 2, a2 pilot signal by making dentification information of

the source station 1 (hereinafter, identification information of a station to

: - . B
transmit a signal is appropriately referred to as a “tran smission stativn ID )

00 and a transmssion power value thereof into fram.s, respectively, the

transmission power value being previously determined as a power for

transmitting the pilot signal. In Step 3, the transmiss.on unit 12 transmits

the generated pilot signal by use of a transmission power prescribed by the

transmission power value. As to the pilot signal teansmitted from the

25  source station 1, there are a case where the pilot signal is received by any of

the relay stations 2 and a case where the pilot signal 15 received directly by

12



20 power value. The power val ue cal cul ation sub-unit 6U of the required
transm ssion power total calculation unit 34 cal.:ulates a required
transm ssi on power value that satisfies a desired SIR mthe i mredi ately
preceding relay station 2 by use of at |east one of the nme ~sured received
SIR, a desired received SIR and the transm ssion power valu ; of the

i medi ately '?~ preceding relay station 2. In Step 33, the total

cal cul ation sub-unit ~i 7, of the required 19 transm ssi on power total
caleulrzti~n unit 34 adds up all of required transm ssion power val ues

i ncluded j Jacel ved: jnsot signrll tend the required transm ssion power
val ue cal c%f g?@?ﬁ@ %{%el FI)IlnI'ot signal by the power value cal cul ation sub

unit, thus cal cpi@lyng § diahdin! leJwiEaBeoereﬁﬂix{c@Qratlré&?ﬂi@%%@fh@?ﬂ%{ val uos
of the respective stations ." ~n the transm ssion path of the pilot signal.

In Step 3gigralen $RIPAAnTONTHERsiINY digrdfl iGONIIRE Ghelthen IfisRlonOétatbg MPqui red
transm ssi on power values, which is calculate.l for the pilot signal by the
required tuhel iA8A1i554106n PRBEM atRbALF €18 Soihab isoaris ] ta: Mthd Gadsh@dsdbn of the o
requi red transm ssion power valueq stored mthe stor age sub-unit 35. I|f
the cad cupawedviRicaghe®doft he required transm ssion power values is smaller
than the stored total, the processing advance3 to Stet. 35, and if not, the
processi ng ret UFI@. 50sH evag@hm Isho®iep aStrandaMbdion fpouRdwheh theateldjhe
transma~ ion pt~th of the pilot 15 signal is a transm ssion path having a
m ni mum t startns®f crhhemiepilotr BgnilsanAgishswarin I 5, ftalexamplé hehaotipar i son
sub-un it 36 updates the identification informati on and required
t ranbni ssralay statien 2Aatacesvesttheguildtreighal, sharcagee subansmissim pyrhuge of all
of the identificat ion information and required transm ssion power val ues
i ncl uded Whigththe-pilgy signaliigtransmdtaddiresly fFqui thedret aaatations?dte pgver val ue
calculated for the imnediately preceding relay station) from whjch the
pi | t 40 si §estinateon sefan Sianl aptrappeissinte Pathpdevhrnciheapilefnsignnl imit 60.

of .the ident ~fication information _and required

Specifically, b S orn

t rpansm' qﬁirﬁﬁ‘sﬁ’d{%g fg%lpug? Fedpy shatipy &nta-the destinabips faBen has €PH& M ssi on
ath of the pi]Jot signal,,the info ti . .tored in the stox~~ge 25

g ub- uni t Tg'goﬁgi‘tf‘%‘ﬁa?tg‘&? TRI3Ve Fatg égao‘i}'eggesgr isoék?Ou;}H‘.l{]@t’ioné‘,e gheve
rocessing,retyrns.to Ste an he foregoi n rocessing js repea~,ed 20
e | ovERR SpORIe? sPaith 3h &G PeieiBs AR BRRE Hadhshe 1 0B Re ube L

36 determnes vfﬂet her or not another pilot sign gal has been already
. tPFI n'{!€ ; . .
recei ved. no pilot signal has been received, the processing advances to

Step &7 and a i 4k LB Rt ALl obf BhORTAIAS okt Bl 11 11

is 5 started by taking the first tine of receiving St gha~ag rx

trigger. dMmihat flapSbrafiyndi®e et ABaPutdtiad B &f FEEG, ¢tRCm@RThdegl &t SON
sub-unit 36 determ nes whether or not a fixed period of tine has p;.ssed.

Up until deleeptisx @dito®;i0fkcefveliSTR Reanaehenththitboy eddasiend Wt 93;qves ,ins
fromStep 31 to
required transmission power total calculation unit 24; ;. selection unit 27; a
pilot signal generation umt 28; and a transmission unit 29,
20 The selection unit 27 has a storage sub-unit 5 and a comparison
sub-unit 26, and the required transmission power total calculation unit 24
has a power value calculation sub-unit 50 and a total caiculation sub-unit 51.
Hereinafter, functions of the respective units will be des cribed.
FIG. 7 iz a flowchart showing one example oi a processing in the

26  relay station 2 in the case of divectly receiving the julot signal from the

source stution 1 (a second hop).
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Step 35 is repeated, and the processing advances to :.tep 39 as the fixed

| 0 period of tine elapsed. In such a manner, anong tl~e candi dates of the
t'ransm ssion path fromthe source station 1 to the des cination station 3,
a trarxsuxi ssiou path having a mnimumtotal of required transm ssion power
values at the el apse of the fixed period o.f tine is selecte~ t, thus
resulting in a state where the identification information and required
transm sswn power 15 values for all the stations on the transm ssion path
are ~tored in the storage sub-unit 35. In Step 39, the pilot signal
generati on uni In¥Fepaadyhardceptioniutfin? édedvessthenslt tisigridieraieniagel sub- unit
35, that i ~, the identification information and required transm ssion
power valfugs the,souddelstbienst.ati ons on 20 the transm ssion path having the
mninmumtotal of thfl rQquired transm ssion power val ues) and generates a
pi l ot signal bynnB8kpnd2 hdrerédeiwd®IRomdastrehemnesiit 122 Sleagudds at he
transm ssion unit 3~i trangmta the generated pilot aign.al. 25 The pil ot
si gnal t hreseivedrBiRi (Signal-w-Treedevarnte Fathdeatsiher imestfattamnl drdpildte
respective relay stations 2. Thxe pilot signal m~y be received by the 21
sour cé stsagrnaln Thaf decodiog nouit I¥30dedvdanythef 1deneifiveliay imforaatoors addur rrsay
be received direotly Fromthe destination station 3. Th.~reafter) the

sour ce sttaansmisbienpowhe vahesefethie soareebrayiont ht whred @redieicbrdedria the-e
transm ssion path having the mninmnumtotal of the required transm ssion

, power vakcaived pilagsygbabl Thee stutage isubosnit & sveres wheseordantiflaagion i n t he
recei~ ed pilot signal and transmts the signal by use of the transm ssion
powe r prlegmﬂﬂdwl lppdt transmdsaipe powernsaiugsi dhe praverr valugecdleglatioad in t he
recei~ ed pilot signal. Therefore, ~~ccording to the enbodirn.ent, the

d. ~st i natRbiPEit B0 ¢f thesraired trnspranshi RyyBntetal iwalealation uwat @&4ni num t
~tal of the required 10 transm ssion power val ues of fhe respe # e
st at tBns caloylatcs 4 regiuped LragFIHENAR DOMTRG Heiue Egﬁ‘nﬁi“ﬂé‘i 3 fbfi@?lﬁ‘é& :Iénsm' ssi on

th f nt tatj 1to t desti ti t at.i 3 t it
PR Ol SRULCS AR R0l Loo! S ISS1 LR B0 5Lt o, 2 Al aner
oo ot SIS 8 6, TR AR SR LT B0 jBckesPect i ve
anem <5y oRe el MALES ! ANSLes FaWEn b LABEPTAAL B8 SIS
recei ved gl &l katw SLBAL APt SR e 8ok ADS IR 20021 BrRavi ng the
m ni mum t ot a (0] T he require f{ransm Ssi on power v Cl ues y use O t he

T4t Sabiedal B TR QELSlr e Bentsstodapel 0o aslyed o
requiredypequired transmission power value. The storage sub unit 25 stores this
required transmission power value by association with the identification
information of the source station 1, which 1s previously stored.
In Step 13, the pilot signal generation unit 28 reads out the
20 identification nformation and requred tfransmission power value of the
source station 1 from the storage sub-unit 25 and gener:tes a pilot signal by
making the above-described information, identification information of the
relay station and a transmission power value into fram«s, the transmission
power value being obtained when the relay station trans mits a pilot signal.

25 In Step 14, the transmission unit 29 transmits the generated pilot

signal by use of 4 transmission power prescribed by a transmission power
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transm ssi on power value included in the received pile t szgnal. In such a
manner, the total of the required transm ssion power values in transmtting
tthe signal fromthe source station 1 to the destinati, ~n station 3 can be
m ni m 2ed, the increase of the interference noise genera ed in relaying of
the ?6 signal transmission by the relay stfition 2 can be s oppressed, and
the increase of the systemcapacity and the area coverage ca n be achi eved.
22 Note that, in the enbodi nent, the power value c ilculation sub-unit 5U
of the required transm ssion power total calculation ~ ~nnt 24 in the rel
zy stati omaldcafidhé hedapavemon.al ue cal cul ati on sub~unit t, U of the required
transm ssion power total calculation unit 34 in the do stination station 3
5 cal cul ate thdiGdA iec tiapndm sbowingpone stwetuelic-eanple dfnhedpdoel v
precedi ng station, fromwhich the pilot signal is trrxnsrn ttted) by use
~~1' t he digamksnéwiveaanbpaherrelay vestidmd ind&dep 11t h&Flide B wea Pidgmamsi gnal |
respectively However, thexe is no limtation placed in this rep~ard. As
anot her ethvodngeme, stsaagsiagleexampls aftthe ladregnglamanimsiitehbgahe relawal ues in
other |U stations nay be provided in the relay station 2 and the

d. ~st iBnatdteront AtinovteB, 14ndAs shewncin Fln$ha theqtragpedtted kot $8nvh power
val L~e in a imediately preceding station, the transm s4ion power val ues

st ored mingludes dihggranpiissiomptataondBaof thy sease stapstgh Wigore®@nead st ati on
2 in the enbodinent has the 15 constitution shown in FIG 6, a constitution
shown i n trangmission payeperadne ghamrebt adgtranmeissgmgtaiion IBhobthagelyi n FxG
14 has a constitutiaon using_a . selection unlht 4?1_ that has a storage sub-unit
25, a colftpHPRLoAnd e tansIussion gow et yaluehgseot nst ead of the sel ection

it 27 of Fh . Note th t h th tit t ts that th
Same a¢ - hose GRCKIGH BIAPENSY WeRBERPEP A BaRee [P Oe btal & | -
th titution.sh in FIG 14 the pil ~agnal [ it 28
goner it oS P NS Poef oA Rt Fge AT o P SPAT 4 RE LR o2y’ [
identifi Cs%{i?ﬁZi(r&ft?ﬂl[ﬁaﬁéfgn@@ﬂexre%%ﬁed transm ssion p. ewer val ues
n priot:

i ncl uded € receive - signrzl~ the required transmiss>, on p~

—ver value cal glghs%h DYnt hecONBXHAl M rGR1 G ADYR: SighiniRidnhiial the T

qui red transm ssion” power t alculatron unit® 24~ a

xdent i tZCt%ﬂuQBeiotHé”JférlaﬁHﬁ% $ xl aout the 23 relay station and the
transm ssion power val ue thereof. The conparison sub-unit 41 conpares the

tot.il of the rRAGidEO2! TRBSFAERNANSPR VR aY@ep@niCahaubat bakufest Be

~. ~ceived p lot signhal by of the reciuired transni ssion power total

cal cybat irgReived SRt thetth@etoBtrateitingt fhe flot eighdled beaheoding Wit RGwer

val ues stored in the st urage sub-unit z~, updates the identification

i nf or mat ideeodesd albgimiforedation aiwhadsi dn pbeerecedtedeyikttosimhaln tHeisst or age
sub-unit 25 by use oc~ the identification ixiformation and required

t r snsni sgafmmpower indiides 1hothet beird dyqye ghevideptificabas  infdrimeticy endncl uded
in the pilot signal, and the required 10 transm ssion power val ue

cal cul at ggabired feanmmispioprpawarevadvp efirha sacs giatipn 1.iambidemtificatiophe

cal cul ated total of the requixed transm s..ion power yalues is smaller than
the storeBforpation and a FEATSHIESLIOR ROWHY| Yrlug o thSIngH‘i‘PéhéoPWﬁ“flﬁé pi | ot
signal generation unit 28 to the transm ssion unit 79 turning on the
swi t R 4291af55teﬁpp€ef%%wm§h%9§?ﬁ %}ﬁnalfslslirﬁm%aﬁ%ﬁe %a&&wgﬁ 5@1‘18n 2 of

FIG 14 i .th . ' h 1.SSi h _havi ~zni

ot al of PHATTUGRARBAcY BN B FoR pENEr VAN IBE S BB b AR Pe pi ot
ot al of ‘PHE FUYERE BTV anSHi SS, 881 W R FPRe pil

i gnal adibad REREREA S fhbicBen iR vl ARG DS B0

ion for 'fe,ﬁgaigﬁa Male?%nh{e%@g}%ggeg@ﬁggge rmgg\ék%tgoa ermgéwg;ms@' of the

r~;quire ransm Ssi on puwer over) successi ve processi ng

tl~e pilQhes iognfﬂe TAtaGAEl bR Rl dite Leqentl®nrd PRLA0IJIRA drganspi ssion
delay of the pilot signal cr~n be reduced.
25  transmission power value of the immediately preceding relay station 2.

In Step 23, the total calculation sub-unmit ©1 of the required
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Mor eover, the w-reloss conrxi unication syste maccording to the x5

enbodi nent can be applied to incom ng and outgai ~ ~g hnks of a cellular
cunl muni cati un system such as TDVA, CSMA, CDM A and the Like. For 24
exanple, in the case of the application thereof to the outgoing link, the
source station 1 corre:~ponds to a base statu~n, the d< etination station 3
corresponds to a nob~lu station, a.nd the relay station 2 corresponds t;o a
nobil e station or a station dedicated to relay. In the ca;;e of the
application 5 thereof to the incomng link, the so urce station | correr:
~~onds t arhhemidhin epaiat itotalasalctihictesinina24 oaddd aipi aill dfcewrguasgbnds to
the 1 ~ase station. Mreover, in the enbodinent, the pilot r~xg~ial is
transm t tteansmdédsich pewedrevaldentinthaatdi on thafreceimed gnlaf sighel magethect i ve
stations, the requirod transm ssion power val ues thereof and the |ike
However, reqairgdatrat@misibndiuveeic vatueotalicnlatedre#br adhe habotdagnahdyatiny e
infornms Lion nay be used as the pilot signtil. 25 WHAT IS CLAIMED | S= 1.
A Wi r el esoweomaiviecedlivlatopssemubhar, thundaléulating « anved adfi e, raghilodd per f or s
signal transm ssion between a source station ) plurality of relay stations
and a5degrimarnissiorspapicoryalées bé theurespedivat Fawiamenpt itbe Mgansmissms i ssi on
unit configured to transmt a plot signal inclucling identification

i nf or mat irenhef thagilobammalstcttron) the relay station conprisnmg~ a
reception unit configured to receive a pilot sign ~1;, 10 a requr.red
transni ssi on pdwnebtepof4) thacemparisen subiwnit 2o spmparen the tatpd aff ihea

transm ssion path fromthe sourve station to the relay station by rise of

i nf or mat ireavired| tyaRemisyiampower ¥alpeg, pibre 15aaulatehiPrediecrilatt vepak ot al  of
required transm ssion power values of respectiae statians n the

transni s$dVdhereapired ‘ﬁagﬁﬁiqrbi’lo‘f’?rawak%ﬁﬁﬂ@wgd”?&Qée‘f"eﬁ‘: EOtQP?@%h‘?s rni

~si on_pat h havi n% m ninum total ,of the ée uired transm ssi.og_poyer valu a
éﬁ gﬁs

anond? cafgauedst Bgs?i‘?éi%‘bgf??vﬂ 31 Hes, P d IR e dPR s AP it ssi on
i cont et A0 4R 08 el Lol s ubes st Catlen ©
and requifed HAMATEETHAR, POVEodtBhinkeRdVAMREE b SRB%S, and if not, the
processing returns to Step 21.
In Step 25, having found out that the transmisswn path of the pilot
16 signal is a transmission path having a minimum tctal of the required
transmission power values, the comparison sub-unit 25 updates the
identification information and required transmission power values stored in
the storage sub-unit 25 by use of all of the identification information and
required transmission power values included in the pilot signal and the
20 required transmission power value calculated for the im mediately preceding
relay station 2, from which the pilot signal is transmitted, by the power
value calculation sub-umit 50. Specifically, by use «f the identification
information and required transmission power values for the respective
stations on the transmission path of the pilot signal, th.: information stored
25 in the storage sub-unit 25 is updated. After the above described updating,

the processing returns to Step 21 and the foregoing proc.-ssing is repeated.
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the destination station conprising: a reception unit configured to receive
a pilot saga ~al~ a required transm ssion power total calculation unit
configured to specify a 4zansm H~ion path fromthe source sttltion to tl.e
destination station 2J by use of information included in the received pil ot
s~ gnal and calculate a total of required transm ssion power val ues of
respe~ five stations on the Z6 transm ssion path. a selection unit
configured to select a transruis aion path firmng a mninmumtotal of the
requi red transm ssion power val ue ; anong candi dates of the specified
transm ssi on pavleanwhdlesin Stepridfninsiediately afteorftiegu? bdtheocampasan a pi

| ot signal including identification information about respective strition~
on the setwWruai 26 deteniniaepwhethey armptrangihercpilet sisual hay brenpdhiegdwah, es

t hereof 2. The wirel ess, communi cation systemfor a nmule i-hop connection of
Caim1, aseivedn IHnemulatrymmal Bas baenareaived. dfienprocashng #Avanepsalo at a
transzni ssi ou_power prescribed xn respective transm ssion power val ue s,
respect i vetep, 2 aad Aoy IToHM$RiE LR alnr%tger Feoydshe UL UPSIEERES uni t
confi %ured to neasyre a received SR obtai neld when receiving th,~ pilot

si gnal®, tFartedcRy takane tha dasems PIzGRIVIDER RICTaIERAl &% AJUEERi ts have 1s a

[P ansim ssi on pORGPAPaPeY HEBAL FHFBUNLIRI RN BB APRIPSURR, Bk S G whi ch
L A B A TR
cont 1 gur daoppapa of s Sasy” o eyt Pet et niRe Sl BB A o o
{Tansm SSreR ZouRr DA als AT oen o e FoecetL s SRR L BN Saed (e

requipyed JLanseE %ﬁh@%l&ﬁé’@{.}_ ¥a! 4grcal ﬁHhﬂEEdaxHQﬁ?tt'B% &l RFardh QdTaﬂgmbYJ he
power val'ue cal culation s unit. 15 3. The wreless cnlnnuni cat ~on ~:ystem
for a mu dbhaRORIGPPIRAL BRM Ghe AP daBibn21 WIRKEI FbldY station 2, a

transmission path having a minimum total of required transmission power

values at the elapse of the fixed period of time is selectes!, thus resulting in a

state where the i1dentification information and required transmission power

16 values for all the stations on the transmission path are :tored in the storage

sub-unit 25,

In Step 29, the pilot signal generation unit 28 reads out the
information stored in the storage sub-unit 25, that i; the identification
information and required transmission power values for all the stations on

20 the transmission path having the minimum total of the required
transmission power values, and generates a pilot signial by making these
information, the identification information of the rela/ station 2 and the
transmission power value into frames, the transmission power value being
obtained when the relay station 2 transmits the pilot signal. In this event,

25 it 13 assumed that the transmission power value fir the immediately

preceding relay station 2, which is included in the rec.ived pilot signal, is
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the reception units receive a pilot signal for a fixed period of tine, the
selection units select a transm ssion path ~iaving a mninmnumtotal of
required transm ssion power val ues anong candi dates of the transmn ssion
path for the pilot signal recsived in this fix. ~d period of tinme. 5 4. A
sourco station performng signal transm ssion ~~~ith at |east one of a
relay station and a destination station, the bounce station conprising: a
pil ot signal generation unit configured to generate a pilot si~,ntil.

i ncluding ~dentilication information a nd transm soion ,rawer_ val ues of the
| 0 sour caeptageilohyable aeapiednteaisonsuaPt PeWer i inegcalenlnped dar tthene p~ | ot
signal by use of a power prescribed in the transm ssion power valueq. 5. A
radi o st ammadisselyqrareing ralay statan<ni ssion with at | east one of a source
station, a relay station _and a destination_ station, 15 the radio station
conprising: a AaCRepi #h thsi rapsmEsRR SaNE 49 tERRYIHES $hj geperated

requi red transm ssion power total  cal cul at xoa ugi# confi %ured to. specify a
transni ssigprlphy huser efnthpctrapemession FOMSH REGS¢ReG dyaihe AR HPuse of

i nformation included in the receiyed pilot signal and calculate a total 20
of regui rpéévetrr‘éﬂ’éﬁi‘%éb%ﬁe%&%‘i“%%ues of re9pect~ ve stations on the

(anem o5t on DR SoseLec DM ROAL LA FAA Q. REl el 0SS on Pt
candi dat es?gnal received by the relay station 2 in Step 21. FICi. 10B is a diagram
showing one structural example of the pilot signal tran imitted by the relay
station 2 at the third hop in Step 28. FIG. 10C is a d.agram showing one
10  structural example of the pilot signal transmitted by tle relay station 2 at
the fourth hop and thereafter in Step 28. As showa in FIG. 10C, the
transmirtted pilot signal includes: the transmission station ID (identification
information) of the source station 1 and the required transmission power
value thereof; transmission station IDs for all the rel.y stations 2 on the
15 transmission path, in which the pilot signal is transmiitted, and required
transmission power values thereof; and the transmissi.m station ID of the
relay station 2 and the transmission power value thereot.
FIG. 11 18 a diagram showing & transmission path when the
destination station 3 transmits a pilot signal. There are a transmission
20 path in which the signal 1s transmitted from the destination station 3 to any
of the relay stations 2 and a transmussion path in which the signal is
transmitted directly to the source station 1 from the destination station 3.
FIG. 12 is a block diagram showing one constitul ional example of the
destination station 3. The destination station of FIG. 12 is constituted of a
25 reception unit 31, a received SIR measurement unit 32, « decoding unit 33, a

required transmission power total caleulation unit 34, « selection unit 37, a
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of the specified transm ssion path; and ~5 a transm ssion unit configured
tp transmt a pilot bignal including identification infbrmation about
xespective station ~s on the sel ected 28 transm ssion path and required
transm ssi on power valu,a thereof. 6. The radio station of Caim5) further
conprising a received SIR neasurenent unit configured to nmeasure a received
; | R obtained when rece~.ving the pilot signal, Gthe transm ssion unit
transmits a pilot signal pat a transm shion power prescribed in a

transm ssi on power value, the required transm ssion power total

cal cul at i pidot sugint1l lgasemtiponenitvdd aadcaltcan-atissonsurdi+. B4, t Thenddleeticed t o
calculate a required transm ssion power value in an innmedi ately preceding
station, fanon3Miasha S0oage sublanitS3fgand 4 sumpamsm tstabdyniby86usedotheat | east
one of a transm ssion power value of the i mediately preceding station, the
xueasur e, fequéresl vEdsBlkdibngraiver tiel celtulatimi wedt SHRhamd powet aklue

cal cul ation sub-unit conf gored to calcula ~e a total of required

t ransm sstaleulpdisar swhrhnigs 60fand eptval velesiatidrossbonat 8. ~ Hearngifeesi on pat h
by 15 use of required transm ssion power values included in a xeceived

pi | ot 5 gifvalctiond of Hee respactiedunytamgtlibesdesarpeder val ue cal cul ated f~yr the
pil ot signal by_the power value cal culation sub-unit. 7. The radi o station
of Odaim6, wheflérnldigea Bewychant ijupratiaglong exammie §fB-nraressuuein e

transm ssion power value included ~ n the recejvad pilot 20 signal. $. The
radi o st adqsinagongtation J Whep dpesiing P e LHgRRksi on unit transmits a pil ot

adi'o station df SIek gD R BG SoREeivest EREF S8 Gh BTN 25 Uses
pr v oSl S LRSS SRROUSL Y aop [ox of her stations 10 The
) y a storage
TS RN TR R T
0C-Pare B QLAlsiH of ALULELALLAYIATAN ANET Vil BRoaalElh R for 2
decodes all information included in the received piiot signal. In this
information, as an example, included are: the identification information of
the source station 1 and the required transmission pow:r value thereofl and
15 the identification information for the respective relav stations 2 on the
transmission path, in which the pilot signal is transmitted, and the required
transmission power values thereof. Note that, as to the immediately
preceding relay station 2 that has become the transmission source, the
transmission power value is included, instead of the required transmission
20 power value. The power value calculation sub-unit 60 of the required
transmission power total calculation umit 34 calculates a required
transmission power value that satisfies a desired SIR 1n the immediately
preceding relay station 2 by use of at least one of the me isured received SIR,
a desired received SIR and the transmission power valu: of the immediately
25  preceding rvelay station 2.

In Step 33, the total calculation sub-unit 31 of the requred
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required transm ssion power total calculation unit of tl~e relay station to
a total of the required transm ssion power values stored in the storage
sub-unit, and if the total of the required transmr.sion power val ues
calculated fox the pilot signal is smaller, update the identification 10
i,nformation and the required transm ssion power values, whu:h are stored in
the storage sub-uiut, by use of identifictition informat~~n about
respective stations on a transm ssion path of the pilot signal and r~
quired trr~nsm sH on power vx~lues thereof. 11. The radi o station of any
one of O tiamsngssion 1powehetutiln caBuldteon ccmpt Bénadds twyy edkiafesequipdd ot

signal fax a fix~d period of tine_and the selection unit selects a

transm sstigmspusHonaniwry ashiesi mehidest i the yosepved detlatr sugvl swidophgpover

val ues anong candi dates ~f the transm ssion path for the pilot signal

recei ved Fequirads transseispion pewer valyee calyplated gior dhespidetarisneddyi hhay wir

Bl ess commune arian systemfor_a 20 xnulti-hop connection, the system
per f or m nBv¥egFaiue calcularas suh undt ke cpledatog atlatdlod the prawrethty of
relay stations and a destin itign station, the pilot sjgnal copprising:

i dent i | CHAPSELSHED MG oK2lgs A theerespefivg Statasary diﬁ‘% IFANSRESsion

transm ssi on h 0# the pilot signal and required traps m ssion power

val ues 25p’1“1]i’e‘$) K t(ﬂ%‘&ﬂ'to enabl o sel ection of a transm ssion pay h

D et ati ons U SHE Fa, fhe (SR bashn T S ShaoRBa o e T oL s
ti . whi f.or i | St ] i b tati ,
SPuran i ¢ gt o REEUPGER phAR Vi HHILT P SRREHT I GheSRIRCRaRET o T he
ilot si PRl _ .
o ) g ST P W T O, T
pover;gval e yifedt ﬂ%ﬁﬂﬂésﬁgn Q%o%e'r%mé(s Ysreqf indthd Et%?ti%ep Qﬁbqéﬁif.aR gkXxapsm ssion

power val ue of t source r~t zon, the neasured received and a desired

recei ved FeRealbilag60ebai1est thdbdfilircd 9RAHsnliBGbH PR 0 O8Ik ik CRh A0
information and the required transm ssion power val ues of the bource

station, thach tHAREIFel Stotdle the |fbesbGipahdindds &o0$ted BHWENG iPMSCtHebed in
the transm ssion power values of the relay station.
processing returns to Step 31.
In Step 35, having found out that the transmission path of the pilot
15 signal 18 a transmission path having a minimum tctal of the required
transmission power values, the comparison sub-unit 36 wupdates the
identification information and required transmission pcwer values stored in
the storage sub-unit 35 by use of all of the identification information and
required transmission power values included in the palot signal and the
20 required transmission power value calculated for the immediately preceding
relay station, from which the pilot signal is transmitted, by the power value
calculation sub-unit 60. Specifically, by use of the ident fication information
and required transmission power values {or the rospe: tive stations on the
transmission path of the pilot signal, the information :tored in the storage

25  sub-unit 3515 updated. After the above-described upd.iting, the processing

rveturns to Step 31 and the foregoing processing is repeaied.
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14. A wireloss communeat!|lon nmethod for a multi-hop connection, which 15
performs signal transm ssion between a source statio a, plurality of xelay
st~etions and a destination station, when receiving the pilot signal fz~om
the other re lay station, the relay station neasures a received SIR of the
pilot signal, 20 calculates a required transm ssion power value of the
source station by use of at |east a transm ssion power value of tl~e source
station,the neasured recoived SIR and a desired received SIR, spec~.fies a
transm ssion path fromthe source station to the relay station by use of
i nf ormati on i nQugedhile; he Step 36/ bdnpldodtely gifer | SteR53 1 aheutcahesrigort ot al  of
requi red transm ssion paw r values of respective stations on the
transm ssiwtnupitt36 Gytcusrdned whethsirreechdt reaeshe sgilatrsigoealdiaGieen alréddyes
included in a received pilot signal and the re~,uired transn ssion power
val ue cal subpiedd THnotgitotpiiknal Bagheaén reefived.sthe pregessmig sidyangest v havi ng a
m nimum ~ oral of the required transn ssicm power val ues anong candi dates
of the spStepi37 edd tar andtmirs S 15 stpatdd. Jorashar sords, phedruliigiancy il udi ng
identification information and the required transm ssion power val uos of
t he sdur cgastedthyotakingdhe fassrimesfirheeipinent pHpyaignabys udelgeer-a pone ~~
prescribed in the transm ssion power valueb of the relay station.

In Step 38, by use of the built-in timer, the comparison sub-unit 36

determines whether or not a fixed period of time has pissed. Up until the
fixed period of time elapses, the above-described proces.ing from Step 31 to
Step 35 is repeated, and the processing advances to f.tep 39 as the fixed

10 period of time elapsed. In such a manner, among tle candidates of the
transmission path from the source station 1 tu the descination station 3, a
transmission path having a minimum total of required transmission power
values at the elapse of the fixed period of time is selected, thus resulting in a
state where the identification information and required transmission power

15 values for all the stations on the transmission path are ,tored in the storage
sub-unit 35.

In Step 39, the pilot signal generation unit 38 reads out the
information stored in the storage sub-unit 35, that is, the identification
information and required transmission power values for all the stations on

20 the transmission path having the minimum tots] of the required
transmission power values, and generates a pilot sigrnal by making these
information into frames.

In Step 40, the transmission unit 39 transmits the generated pilot
signal.

25 The pilot signal thus transmitted is received by the source station 1

and the respective relay stations 2. This pilot signal m 1y be received by the
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O 15. A wireless communication nmethod for r~ multi-h~ ~p connection, which
performh signal transm ssion between a 'source statio~~, plurality of relay
stations and a destination station, the destination str~tic.n neasures a
received Srl~ of the pilot Signal, calculates a required transm ssion power
valu~; in an imediately 1,5 preceding station) fromwhich the pilot signal
Is tran amitted, by use of a transm ssion power value of the inmediately
precedi ng station, at |east one of the nmeasured received SIR and a deairod
recewod SI)t, specifies a transm ssion path fromthe source station to the
dest i nat xsourst atawiohyl afer gbirgfloronghi ony vhcheldeldyisiatibhe 2 acaiagebe pi | ot 20
signal, calculates a total of reguired transm ssion power values of
respect i veccetvadi divectly frhe thardestinstion gtationby. udh.oéafteryuheesburce
transm ssion power values included in a received pilot signal and the x.
qui red t reaswnskand thovespevtive telayistatiienseddéerntihe the transgHsgion padts sel ect s
X transm Ssi onrtgat h having a m nimumtutr~l of the required transm ssion
power val beengrtbagnianuimdee] ofthe peqwped transeissian sy -vadpe 3y uspat h,
y,ransmts ~z pilot_si~nH including identification information abut
respect i vef thea@amifiananinfoenationdnchulednins sheiveepit ¢d pilet segnalr awil
transm ssi on power val ues thereof: 33 )
transmits the signal by usc of the transmission powere prescribed by the
required transmission power value included in the receit ed pilot signal.
Therefore, according to the embodiment, the d:stination station 3
selects the transmission path having the minimum total of the required
10 transmission power values of the respective stations un the transmission
path among the candidates of the transmission path fromn the source station
1 to the destination station 3 and transmits the pilot iignal to the source
station 1 and the relay station 2, the pilot signal includiag the identification
information about the respective stations on the selected transmission path
15 and the required transmission power values thereof. Thus, in transmitting
signals thereafter, the source station 1 and the relay siation 2, which have
received this pilot signal, can determine the transmission path having the
minimum total of the required transmission power vilues by use of the
1dentification information included in the rececived pilot signal and can also
20 transmit the signal at the transmission power prescrined by the required
transmission power value included in the received pilct signal. In such a
manner, the total of the required transmission power values in transmitting
the signal from the source station 1 to the destinatim station 3 can be
minimized, the mcrease of the interference noise generaied in relaying of the

256 signal transmission by the relay station 2 can be suppressed, and the

increase of the system capacity and the area coverage can be achieved.
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10% & ()-Y 100/‘(1\‘%01(«2)0%1"3 Qhoﬂgh the relay station 2 in the embodiment has the

15  constitution shown in FIG. 6, a constitution shown in IG. 14 may be also
adopted. The relay station 2 shown i FIG. 14 has a constitution using a
selection unit 43 that has a storage sub-unit 25, a con.parison sub-unit 41
and a switch 42, instead of the selection umit 27 of FI, 6. Note that the
other constituent components that are the same as those of FIG. 6 are

20  denoted by the same reference numerals.

In the constitution shown in FIG. 14, the pilot s.gnal generation unit
28 generates a pilot signal by making into frames tue following: all the
identification information and required transmission p.wer values included
in the received pilot signali the required transmission power value calculated

25 hy the power value calculation sub-unit 50 of the r quired transmission

power total calculation unit 24; and the 1dentification information about the
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required transmission power total calculation umc 24 to the total of the
5 required transmission power values stored in the sturage sub-unit 25,
updates the identification information and regquired transmission power
values stored in the storage sub-unit 25 by use o¢ the identification
information and required transmission power values for the respective
stations, which are included in the pilot signal, and the requued

10 transmission power value calculated by the power value calculation sub-unit
50 only if the calculated total of the required transmis.ion power values is
smaller than the stored total, and transmits the pilot sigaal generated by the
pilot signal generation unit 28 to the transmission unit 29 by turning on the
switch 42,

15 Unlike the relay station of FIG. 6, the relay station 2 of FIG. 14 is not
the one selecting the transmission path having the minimum total of the
required transmission power values when receiving the pilot signal in the
fixed period of time. However, by transmitting the piliit signal as described
above, the destination station 3 can provide information for selecting the

20 transmission path having the minimum total of the r.quired transmission
puwer values. Moreover, by successively processing the pilot signal at each
ume of the reception thereof, a transmission delay of the pilot signal can be
reduced.

Moreover, the wireless communication system according to the

25 embodiment can be applied to incoming and outgoing hnks of a cellular

cummunication system such as TDMA, CSMA, CDMA and the like. For
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5 thereof to the incoming link, the source station 1 corresponds to the mobile
station and the destination station 3 corresponds to the l.ase station.

Morcover, in the embodiment, the pilot signal is transmitted

including the identification information of the respe ctive stations, the

required transnmussion power values thereof and the like However, a signal

10 including control information besides the above informauon may be used as

‘the pilot signal.
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5 the source station comprising:

a transmission unit configured to transmit a p.lot signal including
identification information of the source station,
the relay station comprising:
a reception unit configured to receive a pilot signal;

10 a required transmissiun power total calculation: unit configured to
specify a transmission path from the source station to the relay station by
use of information included in the received pilot signal nd calculate a total
of required transmission power values of respective stations on the
transmission path;

15 a selection unit configured tu select a transmission path having a
minimum total of the required transmission power valu:s among candidates
of the specified transmission path; and

a transmission unit configured to transmut a pilot signal including
identification 1nformation about respective stations on the selected

20 transmission path and required transmission power valuaes thereof, and
the destination station comprising:

a reception unit configured to receive 4 pilot sigrals
a required transmission power total calculatioa unit configured to
specify a transmission path from the source station to tl.e destination station

25 by use of information wmcluded in the recewved pilot signal and calculate a

total of required transmission power values of respe:tive stations on the
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5 a trangsmission unit configured to transmit a pilot signal including
identification information about respective station: on the selected
transmission path and required transmission power values thereof,
2. The wireless communication system for a mulii-hop connection of
Claim 1, wherein
10 the transmission units transmit a pilot signal at a transmission
power prescribed 1n respective transmission power value s, respectively,
the reception units have a received SIR measureiaent unit configured
to measure a recetved SIR obtained when receiving the pilot signal,
the required transmission pawer total calculation units have
15 a power value calculation sub-unit configured to calculate a required
transmission power value in an immediately preceding station, from which
the pilot signal 1s transmitted, by use of at least one of & transmission power
value of the immediately preceding station, the measured received SIR and a
desired received SIR, and
20 a total calculation sub-unit configured to calculate a total of required
transmission power values of respective stations on the transmission path by
use of required transmission power values included in « received pilot signal
and the required transmission power value calculated 1or the pilot signal by
the power value calculation sub-unit.

25 3. The wireless communication system f{or a multi-hop connection of

Claims 1 or 2, wherein
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109% & ()-3-"109% & ()-.}x~\:!111Y" 10%<& ()-L! NEY" 109B<B<& ()-L!\ Y" 10%P<P<& (
)-L 1G( 14 A source station performing signal transmission with at least oge of a

relay station and a destination station,

the source station comprising:

a pilot signal generation unit configured to generate a pilot signal
including i1dentification information and transmission power values of the

10  source station; and

a transmission unit configured to transmit the pilot signal by use of a
power prescribed in the transmission power values.

5. A radio station performing signal transmission with at least one of a
source station, a relay station and a destination station,
156  the radio station comprising:

a reception umit configured to receive a pilot sign.al;

a required transmission power total calculatioa unit configured to
specify a transmission path from the source station to the relay station by
use of information included in the received pilot signal and calculate a total

20 of required transmission power values of respective stations on the
transmission path;

a selection umt configured to select a transm:ssion path having a
minimum total of the required transmassion power values among candidates
of the specified transmission path; and

25 a transmigsion unit configured to transmit a psilot signal mcluding

identification information about respective stations on the selected
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10% & () -, - 10()/(@&(1‘):44911‘@&@@1’(3)1111551011 power total calculatior. unit has

a power value calculation sub-unit configured to calculate a required
transmission power value in an immediately preceding station, from which
10 the pilot signal is transmitted, by use of at least one of a transmission power
value of the immediately preceding station, the measure i receaved SIR and a
degired received SIR and
a total calculation sub-unit configured to calculaie a total of required
transmission power values of respective stations on the 1ransmission path by
15  use of required transmission power values included in a received pilot signal
and the required transmission power value calculated for the pilot signal by
the power value calculation sub-unit.
7. The radio station of Claim 6, wherein the power value calculation
sub-unit uses a transmission power value included 1a the received pilot
20 signal.
8. The radio station of Claim 7, wheremn
the transmission wunit transmits a pilot signal including a
transmission power value of the radio station.
9. The radio station of Claim 6, wherein the power calculation sub-unit
25  uses previously stored transmaission power values for other stations.

10. The radio station of Claim 5, wherein
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5 transmission power values calculated for a received pilot signal by the
yequired transmission power total calculation unit of the rclay station to a
total of the required transmission power values stored in the storage
sub-unit, and if the total of the required transmi:sion power values
calculated for the pilot signal is smaller, update the identification

10  information and the required transmission power values, which are stored in
the storage sub-umt, by use of identification informat.on abour respective
stations on a transmission path of the pilot signal and r« quired transmission
power values thereof.

11. The radio station of any one of Claims 5 to 10, wherein

15 the reception unit receives g pilot signal for a fix.d period of time and

the selection unit selects a transmission path having a minimum
total of required transmission power values amon; candidates of the
transmission path for the pilot signal received in this fined period of time.
12. A pilot signal used in a wireless communy ation system for a

20  multi-hop connection, the system performing signal transmission between a
source station, a plurality of relay stations and a destin ition station,
the pilot signal comprising:

identification information about the respect.ve stations on the
transmission path of the pilot signal and required trans mission power values

25  thereofin order to enable selection of a transmission pa'h having a minimum

total of required transmission power values of respectis e stations.
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- & ()-
performs signal transmission between a source station, plurality of relay
stations and a destination station,
when receiving the pilot signal from the source station directly, the
5 relay station
measures a received SIR of the pilot signal,
calculates a required transmission power value .f the source station
by use of at least one of a transmission power value of the source station, the
measured received SIR and a desired received SIR,

10 generates a pilot signal including identification mformation and. the

required transmission power values of the source station.,, and
transmits the pilot signal by use of a power prescribed in the
transmission pawer values of the relay station.
14. A wireless commumcation method for a multi-hop connection, which

15 performs signal transmission between a source station, plurality of relay
atations and a destination station,

when receiving the pilot signal from the othor relay station, the relay
station
measures a received SIR of the pilot signal,

20 calculates a required transmission power value of the source station
by use of at least a transmission power value of the source stationthe
measured received SIR and a desired received SIR,

specifies a transmission path from the source station to the relay
station by use of information included 1n the received p.lot signal,

25 calculates a total of required transmission powcr values of respective

stations on the transmission path by use of requred transmission power
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power value calculated for the pilot signal,

selects a transmission path having a minimum 1otal of the required
transmission power values among candidates of the sp.cified transmission

5 path,

generates a pilot signal including identification «nformation and the
required transmission power values of the source station, and

transmits the pilot signal by use of a powe: prescribed in the
transmission power values of the relay station.

10 15. A wireless communication method for a multi-hop connection, which
performs signal transmission between a source statioa, plurality of relay
stations and a destination station, the destination staticn

measures a received SIR of the pilot signal,
calculates a required transmission power valu: in an immediately

156  preceding station, from which the pilot signal is transmatted, by use of a
transmission power value of the immediately preceding station, at least one
of the measured received SIR and a desired received SIN,

specifies a transmission path from the source station to the
destination station by use of information included in the roceived pilot

20 signal,

calculates a total of required transmission power values of respective
stations on the transmission path by use of required transmission power
values included in a received pilot signal and the required transmission
power value calculated for the pilot signal,

25 selects & transmassion path having a minimum total of the required

transmission power values among candidates of the specified transmission
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path,

transmits a pilot signal including 1dentification information about

respoctive stations on the selected transmissivn ypath and requred

transmission power values thereof.
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