
;e3e33L6<TWr'e~um~~ ir~~~rr~a WIRELESS COMMUNICATION SYSTEM FOR MUL'f1-HOP
CONNECTION, SOURCE STAT10N, RADIO STATION AND PILOT 5 SIGI~TAL USED THEREIN
CROSS-REFERENCE TO RELATED APPLrI :ATIONS This application i9 based upon
and claims the be~zefit of priority from Japanese Patent Application No.
2002-56557 filed Marc n 1, 2002 the entire 10 contents of which are
incarpurated herein by reference. BACKGROUND OF THE INVENTIO I~ 1. Meld of
the Invention The present invention relates to a wireless commu~~ication
system for a 15 Tnllltl'hUp connection, in which a signal is transmitte d
between a source station) a plurality of relay stations and a destination
station, and to the souxce station, relay strxtwns, destination station and
a pilot signal, au of which. aze used therein. Z. Description of Related
Art 2u As the wireless communication system, a system using a singlo-hop
connection method is known. Specifically, in the si ngle-hop connection
method, a station to be a suurce of transmitting a signal :hereinafter
referred to as a "source station") establishes r~ wxzeless link dire,;tly
to a btation as a destination of the trar~gmisaiun (hereinafter referred
~,o as a "destination 25 station"), thus performing the transmission of
th`: si;nal. In this single-hope connection method, if x maximum
transnussxon power in the souxce station is prescribed, large propagation
loses and interference noise 1   power make it impossible to establish the
wireless link between the source ~l.ati~n and the destination station,
thereby resultxn~; in lowering of an area 



c:overage_ To the ribwe problem, there is a multi-hop co~~nection method,
in 5 which a plurality of relay stations ors provided betwec a the source
station and the destination station and the signal transmission is relayed
by these relay stations. This multi-hop connection method 1. as been
applied t~ TDMA (Tim Division Mulrsple Access) and CSMA (Ca ~~rier Sense
Multiple Access), because the method is effective in the poin t of
preventing the 0 lowering of the area coverage and of reducing a transmi;
,sion power. In the TDMA and CS11~IA, when selecti~ ~g an appropriate
transmission path among a plurality of transmission paths between the
source station and the destination station, criteria rola~ ed to avoidance
of a packet collision and to the reduction of the transmiaslor~ power were
used as 15 main criteria. However, when the znulti-hop connection method is
applied to CDMA (Code Division Multiple Access), xt is conceivable th. ~t,
comprxred to the TDMA and CSMA, new interference noise generated wh en the
relay stations relay the signal is increased. Thus, it is concerned that
the increased 2u interference noise becomea a factor that lowers a systezz~
capacity. SUMMARY OF THE INVENTION One object of the present invention is
to provide a wn~eless communication system for a multi-hop connection,
~whieh is cap able of 26 suppressing an increase of interference noise
generated in relaying of'signal transmxasion by a relay station. 2   A
first aspect of the present invention is a wire less communication system
for ri multi-hop connection, which performs ; ignal transmission among a
source station, a plurality of relay stfitions and ;~ destination station.
In the system, the source station has a transmission umt configured to 5
transmit a pilot signal including identification inform ation of the source



station_ The relay station therein has: a reception unit ~ oi>~gured to
receive a pilot signal a required transmission power tot ~l calculFition
unit configured to specify a transmission path from the source- station to
the relay station by use of information included in the receiv. ~d pilot
signal and 10 calculate a total of required transmission power values c~f
respective stations on the txr~namissian path a selection unit configured
to s elect a transrniss~.un path having a m.inimam total of the required
txansm~ssion power values among candidates of the spevified transmission
path and a: transmission unit configured to transmzt a pilot signal
including identification information 15 about respective stations on the
selected transmission path and required transmission power valuas thereof.
The destination s~ ation therein has: a reception unit configured to
receive a pilot signal a re.~uired transmission power total calculation
unit configured to specify a tray ~smission path from the source station to
the destination station by use of inf~ ~rmation included in 20 the received
pilot signal and calculate a total of required transmission power values of
respective stations on the transmission pa ~:h~ a selection unit configured
to select a transmission path having a m~nimum total of the required
tran,sznisb~.on power values among cand~da~ es of the speci~.ed
transmission path and a transmission unit configured to transmit a pilot 15
signal including identifiof.~tion informat~un about respe.aive stations on
the selected transmission path and required transmission p, ewer values
thereof. 3   In the present invention, the tran~zxlission path having the
minimum total of the required tx~ansmi;~sinn power values of the rr
~pective stataons on the transmission path is selected among the candidates
of the tranbmission path of the signal from the ,ounce station to the
destlr~ru ion station, and the 5 pilot signal including the identification
information a bout the respective stations an this selected transmiqsiun
path and the re~~uired transmissiun power values thereof is transmitted to
the :source st: ~tiun and the relay station. Thuq, the destination station
and the relay station, which have received the pilot signal, can determine
the transmission path having the 10 minimum total of the req~ured
transmission power v dues by use of the identification information
included' in the received pilot signal in the signal transmission
perfortneci threreafter and can transmit the s~ gnal with the respective
required transmission powers by use of the re quired transmission power
values included in the received pilot signal. As a result, the total of is
the required transmission power values in txr~nsmittin~ the signal from the
source station to the destination station can be minim~zed, the increase of
the interference noise generated in relaying of the signal transmission by
the relay station can be suppressed, and the increase of the system
capacity and the area coverage can be achieved. 2U Regarding the
transix~,iaslon path horn the source station to the destination station, in
order to select the transmissi,~n path having the iuinimum total of the
required transmission power varies of the respective stations on the
tranaxniasion path, first, the source si ation txransmits the pilot signal
including the identificatiun information of the destination 25 station.
'the relay atat~an specifies the transmisw~n p ~th from the source 4
statzcan to the relay station by use of the identification i~ifaxmatiun
included in the received pilot signal, selects Lhe transmissio~i path
having the minimum total of the required transmission power values among
the candidates of the transmission path and transmit: the identification 



5 znforzn.acian about the respective stations on this transnaqsion path and
the required transmission power values thereof. Note that, as the
transmisgiun path from the source station to the relay station, a diz,~e~ t
transmission path going through no relay station and a transmission path
;;ozng through one ar more relay stations may be possible. 10 The
destination station specifies the transmission path from the source Station
to the destination station by use of the identtficat~on information
included zn the received pilot signal and sele cts the transmission path
having the minimum total of the required trtmsn ~issiun power values among
the candidates of the transmission path. In such a manner, a part of 15
processing necessary for the selection of the transmissi~ ~n path zs
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 transrnissxon
path from the source station to the destination. station, the direct tray
~smission path going through no relay station and the transmission path
going through ono or 20 more relay stations may be possible. In the first
invention, the tranbmission units tr znsxnic a pilot signal at a
transmission power prescribed in respective transmission power values,
respectively the reception units have a rerezved SII: measurement unit
configured to measure a received SrR obtained whey ~ receiving the pilot
`?5 signal, the required transmission power total cralculatiua units have a
power value calculation sub-unxt configured to calculate a r ~duired
transmisgiun   power value in an immedmtely preceding ;~tatian) from w hich
the pilot si~~ral is transmitted, by use of at least one of a transmission
power value of the immediately preceding station, the measured received SIR
and a desired received S1R, and a total calculation sub-unit configures! to
calculate ~-z total 5 of required transmission power values of respecti~ a
stations un the transmission path by use of required transmission powE r
values included m si received pilot signal and the required transmission
power value calculated for the pilot signal by the power value calculation
sub-uz st_ In the present invention) the relay station ez~lculates a
required 10 transmission power value that satisfies the desired i ecoived
SIR in the immediately preceding station by use of the transmissio a power
value in the immediately pxeceding station, from which the pilot sz final
is transmitted, the received SIR measured xn the reception of the pilot sa
final and the desired received SIR, and adds up a11 of the required
transmission powor values 1~ included xn the received pilot signal and the
reduired transmission power value calculated for the pilot signal. Thus,
the tc.tal of tho required txansmission power values of the respective
station on the transmz.ssion path from the source station to the relay
station can be calculated. This is similar to the destination station. z0 A
second aspect of thQ present invention .s ri source station performing
signal tr anszziission with at least one of a relay station and a
destination station, the source station comprising: a p~ lot signal
generation unzt cou$gured to generate a pilot signal xncludzng xdem
ification information and transmission power values of the source station;
an,l a transmission unit 25 configured to transmit bhe pilot signal by use
of H pov,~er prescribed z.n the transmiqsion power values. 6   A third
aspect of the present invention is a radx~. station performing signal tr
ansmmsi,on with rat least one of a sours:e station a relay station and a
destinration station, the radio statwn comprising a reception unit
configured to receive a pilot signah a required trans~ ffission power total



5 calculation unit configured 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 transn~ia~ ion
power values of respective statiuz~s on the transmission path a selectio n
unit configured to select a transmission path hav~,ng a minimum tot al of
the required 1U transmission power values among candidates of the spscifzed
transmission path and a transmission unit configured tn transmit a ~,ilot
signal including identification information about respective station 3 on
the selected transmission path and required transmission power val~~es
thereof. Here, the radio station corresponds to relay ststion, destination
15 station) and another station far which it i~ possible to communicate by
wirele ss. As the transmission path, of the pilot signal, fro m the source
station to the relay station, a direct transmission path going through no
relay station a.nd a transmission path going through one or more relay
stations 2U may be possible. A fourth aspect of the present invention is a
p ilot signal used in a wireless communication system for a xnulti-hop cc~n
aeetion, the system performing signal transmission among a source statioi,
, r~ plurality of relay stationR and a destination statican. In order to e~
gable selection of a 25 transmission path having a m~,rmmum total of
reqmreo transmission power values of respective stations, the pilot signal
in lodes identification 7   information about the respective stations on
the transmission path of- the pilot signal and required transmission power
values thei ~ of. The fifth aqpect of the present invention is a wire less
communication method for a multi~hup connection, which pexforms ..ignal
transmission between a source station, plurality of relay stations and :,
destination station, when receiving the pilot signal from the source
station ~ directly, the relay station iueasures a received SIR of tho pilot
signal, c:,lculates a reuuired transmission power value of the source
station by use of at least one of a transmission powor value of tho source
station, the me. ~sured received S1R 



to and a desired received SIR, generates a pilot signal inc~udmg
identification information and the xequixed transmission power v:~lues of
the source station, and transmits the pilot signal by use of ri pow.ar
prescribed in the transmission power values of the relay station. The
si.~cth aspect of the present inventi,~n is A wireless ~5 communication
method for a multi-hop connection, which performs signal transmission
between a souxce station, plurality of r,:lay statiorxs and a destination
statiaii, when receiving the pilot signal f~ oxn the other relay station,
the xelay btation measures a received SIR of the pilot signal, calculrxtes
a required transmission power value of the = ource station by use zU of at
Least a transmission power value of the source station, the measured
received SIR and a desired received SIR) bpecifies a transmission path from
the souxce btation to the relay station by use of inform: ~tion included in
the received pilot signal, calculates a total of required transmission
power values of respective stations on the transmission path l.y use ~f
required 2~ transmis,ian power values included in a received pilot signal
and the required transmiss~an power value calculated for the l.ilot signal,
srslects a 8   transmission path having a minimum total of the ie<<uircd
txwnsmxsmon power values among candidates of the specified transmis Lion
path, generates a pilot signal including identification ~nformatiun and the
reduired transmission power values of the source station, and transmits the
pilot 5 signal by use of u. power prescribed in the trransmission p~~wer
value: of the relay station. The seventh aspect of the present invent ion
is a wireless communication method for a multi-hop connection, which
performs signal transmission between a source station, plurality of r.:lay
stations and a 10 destination station, the destination station measures a
received SIR of the pilot signal, calculates a required ' transmission
p.~wer value in an immediately preceding station, from which the pilot
signal is transmitted, by use of a transmission power value of the
immediately ~~receding station, at least one of the measured received SIR
and a desired received SIR., specifies 15 a transmission path from the
source station to the desti~~ation station by use of information included
in the received pilot signal, .:alculates a total of required transmission
power values of resp~ctiv~ btations on the tranqmiaaion path by use of
required transmission pow~ ~r values included in a received pilot signal
and the required transmission po aver value calculated ?0 for the pilot
signal, selects a transmission path having a minimum total of the roquirEd
transmission power values among candid ates of the specified transmission
path, transmits a pilot Signal including identification information about
regpectwe stations on the selected tr msrnission path and required
transmission power values thereof. zs BRIEF DESCRIP'rlON OF TJdE DRAW ~ NGS
FIG_ 1 shows a blook diagram of a general schen"ztie constitutuan of a 9
wireless enxnmunication system for a multi-hop connoctian) necordin~ to one
embodiment_ FIG. 2 chows a block diagram of one constitur.i~nal example of
a 



source station shown in Fi~v I. 5 F1G_ 3 shows a flowchart of one example
of a pro.~essing in the source station_ FIG. 4 shows one structural example
of a pilot s~~;nal transmitted by the source station. FIG. 5 shows
transmission paths when relay st. ~tians rrr~nsmit pilot to signals in the
wireless communication systeru) FIG. fi shows a block diagram of one
constitute onr~l example of the relay station shown ix~. FIGS. l and 5.
FIG. 7 shows a flowchart of one example 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). f'IG_ 8A shows one structural examplo of a pilot signal
received by a relay station of the second hop. FIG. 8I3 shows one
structural example of a pik,t signal transmitted by the relay station of
FIG. 8 g. z0 FIG. 9 shows a flowchart of one example o a ~~roceASing in a
relay station in the case of receiving a pilot signal from anc,ther relay
station (a thixd hop and thereafter). FIG. 10A shows one structural example
of a pilul si;nal received by a relay station in the third hop. FIG. 10F3
shows one structural example of a pil,~t signal transmuted by the relay
station of 1~IG. lUA. IO  



r''IG. 10C shUws one Htructural example of a piles. signal transmitted by a
relay station in a fourth hop and thereafter. FIG. 11 shows a transmission
path when r~ destination station transmits a pilot signal m the wireless
communication s nstem. 5 FIG. 12 shows a block diagram of one struct~~ral
example of the destination station. FIG. 13 shows a flowchart of one
example of a processing in the destination statzon at the time of receiving
a pilot signal FTG. 14 shows a block diagram of another constii utional
example of a 10 relay station, DRTAILED DESCRIPTION O~k' EMBODI vIENT With
reference to the drawings, an embodin ~ent of the present invention will be
described below. 15 FIG. 1 is a block diagram showing a general sche matic
constitution of a wireless communication system for a multi-hop eonnec lion
according to tine embodiment. The wireless communication system of ~~ IG. 1
is constituted of a source station 1, a plurality of relay stations 2
(wh~ch axe appropriately denoted as "relay stations 2A, 2$, 2C..." for the
respe dive relay etations) 20 and a destination station 3. The respective
relay sta .ions 2A, 2B and 2C have basically a similar constitution. As to
a tr ansmi: sion path of a qignal fruzri the source station I to the
destination slat ion 3, there are a transmission path in which tha signal
is directly transmitted from the source station 1 to the destination
station 3 and a transmissi.rn path in which the 26 signal i~ transmitted by
being relayed through one "r inure of the relay stations 2 belc~re reaching
the dostinfieion station ~ fron` the source 5i.ation 1. 11   1n the
wireless communication ~:ystom of the present invention, performed is a
processing of cr~leulatmg transmission po ~rer values requiz~ed for the
source station 1 and the respective relay stay wns z (hereinafter referred
to as "requirod transmission power values") rind of selecting a 5
transmission path haying a minimum total of the re. wired transxnission
power values among candidates of the foregoing trai,smiasion path. In order
to perform this processing, a trrtnsrnissioxr of a pilo t signal as
described Later is performed before trr~nsmittm~r an original s~gnal.
Hereinafter, detailed description will be made for the proce9si~ig in the
wirelebs 10 communication system of the present invention. FIG. 2 is a
block diagram showing one constitut Tonal example of the source station 1.
Tho source station 1 is constituted at yeast of a pilot signal generation
unit 11 and a transmission unit 12. FIG. 3 is a flowchart showing one
example of a processing in the 15 souxce station 1. When a start of an
establishme ~it processing of an outgoing wireless link is a,nstructed in
Step 1, the pilot s ~ final generation unit 11 generates, in Step 2, a
pilot signal by making identift`~ation information of the source station 1
(hereinaftex, identification inform ation of a station to transmit a signal
is appropriately referred to as a "trap amx~sion station ID") 2d and a
transmisaxon power value thereof into fram.a, xeapectively, the
transmission power value being previously determ.imd as a power for transm~
sting the pilot signal. In Step 3, the transmiss ~ on unit 1:2 transmits
the generated pilot signal by use of a transmission poH~er prescribed by
the transmission power value. A~ to the pilot signal wansmitted from the 



?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 dmgrarn
showing one struu~:ural example of the pilot signal in this event. The
pilot signal includes the tran emission station I1a (the identification
information) o the source station 1 a.icd the transmissiun 5 p~wex value
thereof. FIG. 5 is a diagram showing a trt~nsmission p ith when the relay
stations 2 transmit pilot signals. As shown in FIG. 5) fo~~ example, when
the relay station 2A receives the pilot signal, there are a t. ansmission
path in which the pilot signal is transmitted directly from the re ~ ay
station 2A to the to destination station 3 and a transmission path in
whic:n the pilot signal is transmitted from the relay station 2 to the
destination ~ station 3 as going through the other relay station 213 or 2C.
It is also s imilar to the above when the relay station 2B or 2G receives
the pilot sig nal from the source station 1. s FIG. 6 is a block diagram
showing one constituti, anal example of each of the relay stations 2. The
relay station 2 Uf FIG. E, is constituted o~ a reception unit 21~ a
received SIR measurement unit 22~ 3 decoding unit 23; a required
transmission power total calculation unit 24; : ~ selection unit 27~ r~
pilot signal generation uzut 28~ and a transmission unit 20. 20 The
selection unit 27 has a storage sub-unit <5 and a compaxison sub-unit 26,
and the required transmission power tote l calculation unit 2.4 has a power
value calculation sub-unit 50 and a total ca~culation sub-unit 51.
Hereinafter, functions of the rcspectwe units will be des cribed. F1G. ? is
a Flowchart showing one example of a processing in the 2G relay station 2
in the case of diroctly receiving the ~ ~llot signal from the source
sta.t~on 1 (a second hop). 73   In Step 11) the reception unit 21 receives
the pile-t signal tranymltt.ed from the source station 1. In Step 12, the
received SIR measurement Unit 22 measures a received SIR
(Slgnal-to-Interference Ratio) at the time c .t receiving the pilot 5
signal. The decoding unit 23 decodes the identiFic~ati,~n information and
transmission power value of the source station 1, which are included in the
received pilot si gnal. The storfige sub-unlt 25 stores these
identification Information and transmission power value. The pow~ ~r value
calculatiun sub-unit 50 of the required transmission power total
calculation unit 24 IO calculates a required transmission power value that
say Isfles a desirod SIR in the source station 1 by use of at Ieast one of
the meal aced received Sllt, a desired received SIR and the transmission
power value .~f the source station 1. This calculation is performed in such
a manner t flat, for example, a difference between the measured received
SIR and the ~ leaired received SIR 15 corresponds to a difference between
the transmission bower value and the required transmission power value. The
storage sub unit 25 stores this requirod transmission power value by
association wit h the identification information of the source station 1,
which Is previously stored. In Stop 13, the pilot signal generation unit 28
reads out the 20 identification Information and required transmission power
value of the source station 1 from the storage sub-unit 25 rind genera tes
a pilot signal by making the above~described information, identification
infurmatlun c~f the relay station and a transmission power value into ti
zm. ~s, the transmission power value being obtained when the relay station
tran=mits a pilot signal. 25 In Step 14, the transmission unit 29 transmits
the ~;exlerated pilot mgnal by use of a transmission powex prescribed by a
transmission power 



14   value of the relay station. FIG. 8A is a diagram showing one
structural r xample of the plot signal received by the relay station '? in
Step 11. FIt~. 8B try ri dl~igram showing one structural example 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 transmission
station 1D of the source sta~,ion 1, the required transmission power value
thereof, a transmission stat ion ID of the relay station 2 and the
transmission power value thereof. FIG. 9 is r~ fluw~:hart illustrating one
example on a processing m the 10 relay station 2 in the cage of receiving a
pilot signal f coin the other relay station 2 (a third hop and thereafter).
In Step 21, the reception unit 21 receives a pilo~: signal transmitted from
the other relay station 2. In Step 22, tho received SIR measurement unit 22
measures a 15 received SIR at the time of receiving the pilot signal. 7'he
decoding unit ~3 decodes all information included in the received ~ pilot
signal. This information includes, ~n the third hop, the ~der~t~ficat~on
information and required transmission power value of the source station 1,
and identification inurmatic~n a.nd a transmission power value of the
immediately precQding relay station 2, from which the pilot signal is
transmute, i. The power value calculation sub-unit 50 of the requzred
transmission pover total calculation unit 24 calculates a required
transmission power vz sue that satisfies a desired SIR in the immediately
preceding relay station ~ by use of at least one of the measured received
SIR, a desired rec:e wed SIR and the 2s transmission power value of the
immediately preceding relay station 1. In Step '?3, the total calculation
sub-unit : ~1 of the required 15   txwnsmission power total calculation
unit 24 adds up all of zwguired transmission power values included m the
received l,ilot signal and the required transmission pUWC'I- value
calculated for the pilot signal ~y the power value calculation sub- unit,
th us calculating a t. ~tal of the rr. quire d 5 transmission power values
of the respecaive Rtations ~.n the transmission path of the pilot signal.
In Step 24) the comparison sub-unit 26 compa res the total of the required
transmission power values, which is calculate.l for the pilot signal by the
required transmission power total calculation un~ r 24, to a total of the
i0 required transmission power values stored m the stor.ige sub-unit 25_ If
' the calculated total ~f the required transmission pow~ r values is
smaller than the stored 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 transmiss ion path of the pilot 16 signal is a transmission path having
a minimum tc,tal of the required tranbmission power values, the comparison
sub-un ~t 25 updates the identification information and required
transmission po arer values stored in the storage sub-unit 25 by use of a11
of the idontificat~on information and required transmission power values
included in the I~ilot signal and the 20 required transmission power value
calculated far the im mediately preceding relay station 2, from which the
pilot signal is transm fitted, by the power value calculation sub-unit 50.
Specifically, by use ~,f the identification information and required
transmission powex vzlues far the respective stations on the transmission
path of the pilot signal, th,; information stored z5 in the storage
sub-unit 25 is updated. :after the above described updating, the processing
returns to Step 21 and the foregoing procwssing is repeated. 



16   Meanwhile, in Step Z6 immediately after Step 21, the comparison
sub-unit 26 determines whether or not another pilot sigt gal ha9 been
already received. If' no ptlut signril has been roceived, the pro~esr~ing
advances to Step 27 and a built~tn timer is started. In other words, the
bu~.lt-in timer is 5 started by taking the txrst time of receiving a pilot
signs i rxs r~ trigger. In Step 28) by use of the built~in timer, the
comparison sub-unit 26 determines whether or not a fixed period of time has
p; ~ssed. Up until the fixed period of time elapses, the above-described
proces. ;ing from Stop 21 to Step 25 is repeated) and the proceqsing
advances to ~ tep 29 as the fixed lU period of time elapsed. In such a
manner, among the candidates of tho transmission path from the source
station 1 to the relay station 2, a transmission path having a minimum
total of xequired transmission power values at the elapse of the 1'x.~ced
period of time is selected, thus resulting in a state where the
xdenti$cation information and required transmission power 16 values for a11
the stations an the transmission path are stored in the storage suh-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
identx~fication information and requixed transmission power values fo c a11
the stations on 2o tho transmission path h~rving the minimum tots L of the
required transmission power values, and generates a pilot Sigr~;~l by
making these information, the identification information of the vela ~~
station 2 and the transmission power value into frames, the transmission
power value being obtained when the relay station 2 transmits the pilot
sx,;xaal. In this event, 25 it is assumed that the transmission power
vralue f'. ~r the immod~ately preceding relay station Z, which is included
in the rec~ ~ived pilot signal, is 17   replaced by Lhe required
transma:~sion power value calculrited far the iix~mediately preceding relay
station 2. In Step 30) the trr~nsrnission unit 29 transmits the generated
pilot signal by use of the transmission power prescribed l,y the
transmihsion 5 power value m the relay station 2 F1G. 10A is a diagram
showing ono structural example of the pilot signal receivad by the relay
station 2 in Step 21. FI(~. 10B is a diagram showing one structural example
of the pilot sisal tran ;mitted by the relay station 2 at the thud hop in
Step 28. FIG_ 10C is a d~agram showing one 



10 structural example of the pilot signal transmitted by tJ ~e relay
station 2 at the fourth hop and thereafter in Step 28. As show~i m FIG.
~.OC, the transmitted pilot signal includes: the transmission stati,~n ID
(identification information) of the source station 1 and the required
transmission power value thereof transmission station IDs fax all the relay
stations 2 a~. the I 5 transmission path, in which the pilot signal is
transn ~itted, and roquired transmission power values thereof and the
transmissi.an station ID of the xelay station 2 and tho transmission power
value thereof; FIG. 11 is a diagram showing a transmission path when the
desturation station 3 transmits a pilot signal. There are a transmission
path in which the signal is transmitted from the destir~~a lion station 3
to any of the relay st~rtions 2 and a transmission path in which the signal
is transmitted directly to the source station 1 from the des~.ination
station 3. FIG. 12 is a block diagxam showing ono constitul Tonal example
of the destination station 3. The destination Station of FIG. i 2 is
constituted of a 25 xeception unit 31, a received SIR zzieasurement unit
32, ~ decoding unit 33) a required transmission power tutril calculation
unit 34, r~ selection unit 37, a 18   pilot sign:~l generation unit 38 and
a tran:~mission uni ~. ;39. The se leoLion unit 37 has a storage sub-unit
3~ and a comparison sab-unit 36, and the required transmission power total
calculation unit 34 has a power value calculation sub-unit 60 and a total
calculation sub-ut~it G1. Hereinafter, 5 functions of the respective units
will be described. b~IG. 13 is a flowchart illustrating one example of a
proceswng in the destination station 3 when receiving a pilot signal. In
Step 31,, the reception unit 31 receives a pilot signal transmitted from
the source station 1 or the relay Station 2. 10 In Step 32, the received
SIR measurement i,nit 3z measures a received SIR at the time of receiving
the pilot signal. ~~'he decoding unit 33 decodes a11 information included
in the received picot signal. In this information) as an example, included
are: the identific 3tion information of the source station 1 and the
required transmission pow~-r value thereof and 15 the identification
information for the respective rela ~ stations ~ on the transmission path,
in which the pilot signal is transmits ed, and the required transmission
power values thereof. Note that) as to the immediately preceding relay
station 2 that has become the tram mission source) the transmission power
value is included, instead of the re guired transmission 



20 power value. The power value calculation sub-unit 6U of the required
transmission power total calculation unit 34 cal.:ulates a required
transmission power value that satisfies a desired SIR m the immediately
preceding relay station 2 by use of at least one of the me ~sured received
SIR, a desired received SIR and the transmission power valu ; of the
immediately '?~ preceding relay station 2. In Step 33, the total
calculation sub-unit ~i7, of the required 19   transmission power total
caleulrzti~n unit 34 adds up a11 of required transmission power values
included in the received jnlot signrll tend the required transmission power
value calculated for the pilot signal by the power value calculation sub
unit, thus calculating g t uta.l of the required transm~ss~on power valuos
of the respective stations . ~n the transmission path of the pilot signal.
In Step 34, the comparison sub-unit 36 comperes the total of the required
transmission power values, which is calculate.l for the pilot signal by the
required tr;insmission power total calculation unit 34, to a total of the o
required transmission power valueq stored m the stor age sub-unit 35. If
the calculated total of the required transmission power values is smaller
than the stored total, the processing advance3 to Stet. 35, and if not, the
processing returns to Step 31. In Step 36, having found out that the
transmia~ ion pt~th of the pilot 15 signal is a transmission path having a
minimum tc,tal of tho required transmission power values, the comparison
sub-un it 36 updates the identification information and required
tranbmiss~on pc wer values stored in the storage sub-unit 35 by use of a11
of the identificat ion information and required transmission power values
included in the ~ ~il~t signal and the 2o required transmission power value
calculated for the im mediately preceding relay station) from which the
pilt~t signal is transmitted, by the power value calculation sub-unit 60.
Specifically, by use of the ident ~fication information and required
transmiqAion power values for the rospe~ Tive stations on the transmission
path of the pilot signal, the information : tored in the stox~~ge 25
sub-unit 35 is updated. After the above-described upd. sting, the
processing returns to Step 31 and the foregoing processing is repea~,ed_ 20
Meanwhile, in Step 36 imn~.ediately after Step 31, the comparison sub-unit
36 determines whether or not another pilot sign gal has been already
received. If no pilot signal has been received, the processing advances to
Step 37 and a built-in timer is started. In other words, the buxlt-in timer
is 5 started by taking the first time of receiving a pilot signa~ ag rx
trigger. In Step 38, by use of the built-in timer, the con~Ir~irison
sub-unit 36 determines whether or not a fixed period of time has p;.ssed.
Up until the 'xxed period of time elapse9, the above-described proves ,ins
from Step 31 to 



Step 35 is repeated, and the processing advances to :.tep 39 as the fixed
l0 period of time elapsed. In such a manner, among tl~e candidates of the
transmission path from the source station 1 to the des cination station 3,
a trarxsuxissiou path having a minimum total of required transmission power
values at the elapse of the fixed period o.f time is selecte~ t, thus
resulting in a state where the identification information and required
transmisswn power 15 values for a11 the stations on the transmission path
are ~tored in the storage sub-unit 35. In Step 39, the pilot signal
generation unit 38 ready aut the information stored in the storage sub-unit
35, that i ~, the identification information and required transmission
power values fc,r a11 the stations on 20 the transmission path having the
minimum total of thfl rQquired transmission power values) and generates a
pilot signal by making these information into frames. In Step 40, the
transmission unit 3~i trangmita the generated pilot aign.al. 25 The pilot
signal thus transmitted is received by the source station 1 and the
respective relay stations 2. Thxe pilot signal m ~y be received by the 21
source station 1 After going through any of the relay s~.ations 2 ur rrsay
be received direotly From the destination station 3. Th.~reafter) the
source station 1 and the z~espective relay stations 2 determine tl~e
transmission path having the minimum total of the required transmission
,power values try use 5 of the identification information included in the
recei~ ed pilot signal and transmits the signal by use of the transmission
powe r prescribed by the required transmission power value included in the
recei~ ed pilot signal. Therefore, ~~ccording to the embodirn.ent, the
d.~stination station 3 selects the transmission path having the minimum t
~tal of the required 10 transmission power values of the respective
stations ~.n the transmission path among the candidates of the transmission
path from the source station 1 to the destination station 3 and transmits
the pilot signal to the sour ce station 1 and the relay htation 2, the
pilot signal include ng the identification information about the respective
stations on the selecte,l transmission path 1~ and the required
transmission power values thereof. T hus, in transmitting signals
thereafter, the source station 1 and the relay si.ation 2, which have
received this pilot signal, can determine the transmzss ion path having the
minimum total of the required transmission power v clues by use of the
identification information included in the received pilot signal and can
also 20 transmit the signal at the transmission power prescri~~ed by the
required 



transmission power value included in the received pile t szgnal. In such a
manner, the total of the required transmission power values in transmitting
the signal from the source station 1 to the destinati, ~n station 3 can be
minimi2ed, 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 system capacity and the area coverage ca n be achieved.
22   Note that, in the embodiment, the power value c ilculation sub-unit 5U
of the required transmission power total calculation ~ ~nnt 24 in the rel
zy station 2 and the power value calculation sub~unit t,U of the required
transmission power total calculation unit 34 in the do stination station 3
5 calculate the required tran9mission power value i~~ the immediately
preceding station, from which the pilot signal is trrxnsrn ttted) by use
~~1' the transmission power values included in the received pilot signal,
respectively However, thexe is no limitation placed in this rep~ard. As
another embodiment, storage units that store transmission po~~ er values in
other lU stations may be provided in the relay station 2 and the
d.~stination station 3, and in calculating a req~.ured transmission power
valL~e in a immediately preceding station, the transmis4ion power values
stored m the storage units may be used. Moreover, though tho relay station
2 in the embodiment has the 15 constitution shown in FIG. 6, a constitution
shown in t~ IG. 14 may be also adopted. The relay station 2 shown in FxG.
14 has a constitution using a selection unit 43 that has a storage sub-unit
25, a cou~parison sub-unit 41 and a switch 42, instead of the selection
unit 27 of Fhx) 6. Note that the other constituent components that are the
same as .hose of FIG_ 6 are 2U denoted by the same reference numerals_ In
the constitution shown in FIG. 14, the pilot a~gnal generation unit 28
generates a pilot signal by making into frames t~~e following= a11 the
identification information and required transmission p. ewer values
included in the received pilot: signrzl~ the required transm.iss>,on p~
~wer value calculated by the powex value calculatwn sub-unit 5U of the r~
quired transmission power total calculation unit 24~ a nd the
xdentitzcation i ~~for mation rxlaout the 23   relay station and the
transmission power value thereof. The comparison sub-unit 41 compares the
tot.il of the required transmission power values calculated fur the
~.~ceived p lot signal by of the reciuired transmission power total
calculation unit 24 to the total of the 5 required transmission power
values stored in the st urage sub-unit z~, updates the identification
information and required t ransmission power values stored in the storage
sub-unit 25 by use oc~ the identification ixiformation and required
trsnsmiss~on power values for the respective stations, which are included
in the pilot signal, and the required 10 transmission power value
calculated by the power vr~l.ue cHlculation sub-u~iit 50 only if the
calculated total of the requixed transmis..ion power values is smaller than
the stored total, and transmits the pilot sig nal generated by the pilot
signal generation unit 28 to the transmission unit Z9 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 n~znimurn
total of the required transmission power values when receiving tl~e pilot
signal in the fixed period of time. However, by transmitting the pile .t
signal as described above, the destination station 3 can provide informal
ion for selecting the 20 transmission path having the minimum total of the
r~;quired transmission puwer values. Moreover) by successively processing
tl~e pilot signal rat each time of the reception thereof) a transmission
delay of the pilot signal cr~n be reduced. 



Moreover, the w~reloss comrxi unication syste m according to the x5
embodiment can be applied to incoming and outgai~ ~g hnks of a cellular
cunlmunicatiun system such as TDMA, CSMA, CDM A and the Like. For 24
example, 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 mob~lu station, a.nd the relay station 2 corresponds t;o a
mobile station or a station dedicated to relay. In the ca;;e of the
application 5 thereof to the incoming link, the so urce station I correr:
~~onds to the mobile station and the destination station 3 corresponds to
the 1 ~ase station. Moreover, in the embodiment, the pilot r~xg~ial is
transmitted including the identification information of the reset ctive
stations, the requirod transmission power values thereof and the like
However, a signal 10 including control information besides the above
informs Lion may be used as the pilot signtil. 25   WHAT IS CLAIMED IS= 1.
A wireless communication system for a multi-ho,~ connection, which performs
signal transmission between a source station ) plurality of relay stations
and a destination station, 5 the source station comprising: a transmission
unit configured to transmit a plot signal inclucling identification
information of the source stcttron) the relay station comprismg~ a
reception unit configured to receive a pilot sign ~1; 10 a requr.red
transmission power total calculation ~ unit configured to specify a
transmission path from the sourve station to the relay station by rise of
information included in the received pilot bignal ind calculate a total of
required transmission power values of respectiae statians n the
transmission path 15 a selection trait configured to select a transrni
~sion path having a minimum total of the required transmission power valu a
among candidates of the specified transmission path; and a transmission
unit configwred to transmit a pilot signal including identification
information about respective station ~ on the selected 20 transmission path
and required transmission power val yes thereof, and 



the destination station comprising: a reception unit configured to receive
a pilot saga ~al~ a required transmission power total calculation unit
configured to specify a 4zansmiH~ion path from the source sttltion to tl.e
destination station 2J by use of information included in the received pilot
s~ gnal and calculate a total of required transmission power values of
respe~ five stations on the Z6   transmission path. a selection unit
configured to select a transruis aion path firming a minimum total of the
required transmission power value ; among candidates of the specified
transmission path: and 5 a transmission unit configured to transmit a pi
lot signal including identification information about respective strition~
on the selected transmission path and required transmission power vah,es
thereof 2. The wireless communication system for a mule i-hop connection of
Claim 1, wherein 10 the transmission units transmit a pilot signal at a
transznissiou power prescribed xn respective transmission power value s,
respectively, the reception units have a received SZR measure~aent unit
configured to measure a received SIR. obtained when receiving th,~ pilot
signal, the required transmission power total calculatio~~ units have 1s a
power value calculation sub-unit configured to calculate a required
transmission power value in an immediately preceding station, from which
the pilot signal is transmitted, by use of at least one of  transmission
power value of the unmediately preceding station, the measure d received
SIR and a desired recoived SIR, and 20 a total calculation Sub-unit
configured to calculte a total of required transmission power valuos of
respective stations on the ~:ransmission path by use of required
transmission power values included in f~ recoived pilot signal and the
required transmission power value calculated nor the pilot signal by the
power value calculation sub-unit. 15 3. The wireless cninmunicat~on ~:ystem
for a mu lti-hop connection of Claims 1 or 2, wherein 27 



the reception units receive a pilot signal for a fixed period of time, the
selection units select a transmission path ~iaving a minimum total of
required transmission power values among candidates of the transmission
path for the pilot signal recsived in this fix. ~d period of time. 5 4. A
sourco station performing signal transmission ~~~ith at least one of a
relay station and a destination station, the bounce station comprising: a
pilot signal generation unit configured to generate a pilot si~,mtil.
including ~dentilication information a nd transmisoion ,rawer values of the
Io source station and a transmission unit configured to transmit the p~ lot
signal by use of a power prescribed in the transmission power valueq. 5. A
radio station performing signal transmission with at least one of a source
station, a relay station and a destination station, 15 the radio station
comprising: a rQCeption unit configured to receive a pilot s~gnah a
required transmission power total calculatxoa 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 re9pect~ ve stations on the
txansmission path a selection unit configured to select a transmission path
having a minimum total of the r~duired transraibsion power valves among
candidates 



of the specified transmission path; and ~5 a transmission unit configured
tp transmit a pilot bignal including identification infbrmation about
xespective station ~s on the selected 28   transmission path and required
transmission power valu,a thereof. 6. The radio station of Claim 5) further
comprising a received SIR measurement unit configured to measure a received
; lIR obtained when rece~.ving the pilot signal, G the transmission unit
transmits a pilot signal pat a transmishion power prescribed in a
transmission power value, the required transmission power total
calculatioz. 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
xueasure,i received S.LIL and a desired received SIR and a total
calculation sub-unit conf gored to calcula ~e a total of required
transmission power values of respective stations on the ~ ransmission path
by 15 use of required transmission power values included in a xeceived
pilot signal and the required transmission power value calculated f~yr the
pilot signal by the power value calculation sub-unit. 7. The radio station
of Claim 6, wherein the pov~ er value calculation sub-unit uses a
transmission power value included ~ n the receivad pilot 20 signal. $. The
radio station of Claim 'l, wherein the transmission unit transmits a pilot
signal including a transmission power value of the radio station. 9. The
radio station of Claim 6, wherein the powe~~ calclzlation sub-unit 25 uses
previously stored transmission power vrilues fox of her stations. 10. The
radio station of Claim 5, wherein 29   the selection unit hay a storage
sub-unit configured to store identifzcat~un information and required
transmission power values and a c:ompariyon sub-unit canfigrured to
oc~mpare a total of reduired 5 transmission power values calculated for a
received pilot signal ~y the 



required transmission power total calculation unit of tl~e relay station to
a total of the required transmission power values stored in the storage
sub-unit, and if the total of the required transmir.sion power values
calculated fox the pilot signal is smaller, update the identification 10
information and the required transmission power values, whu:h are stored in
the storage sub-uiut, by use of identifictition informat~~n about
respective stations on a transmission path of the pilot signal and r~
quired trr~nsmisHion power vx~Iues thereof. 11. The radio station of any
one of Claims 5 to 10, wherein 16 the reception unit receives a pilot
signal fax a fix~d period of time and the selection unit selects a
transmission path having a minimum total of required transmission power
values among candidates ~f the transmission path for the pilot signal
received in this fired period of time_ 12. A pilot signal used in a wir
Bless commune arian system for a 20 xnulti-hop connection, the system
performing signal tra nsmission between a source station, a plug ahty of
relay stations and a destin ition station, the pilot signal comprising:
identification information about the respeet~ve stations on the
transmission path of the pilot signal and required traps mission power
values 25 thereof in order to enablo selection of a transmission pay h
having r~ minimum total of required transmission power values of respecti~
a stations. 3U   13. A mreless communicr~won method fox a multi-ho,~
connection, which 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 b relay station measures
a received SIR of the pilot bignal, calculates a requited transmission
power value mf the source htation by use of at least one of a txansmission
power value of the source str~tzon, the measured received SIR and a desired
received SIR, lU generates a pilot signal including identification
information and the required transmission power values of the bource
station, and txansmits the pilot signal by use of a powe ~ prescribed in
the transmission power values of the relay station. 



14. A wireloss commumeatlon method for a multi-hop connection, which 15
performs signal transmission 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 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 tl~e source
station,the measured recoived SIR and a desired received SIR, spec~.fies a
transmission path from the source station to the relay station by use of
information included m the received plot signfzl, 25 calculates a total of
required transmission pawc r values of respective stations on the
transmission path by use of required transmission power 31   vtilues
included in a received pilot signal and the re~,uired transmission power
value calculated for the pilot signal, selects a transmission path having a
minimum ~ oral of the required transmissicm power values among candidates
of the sp. cified transmission 5 path, generates a pilot signal including
identification information and the required transmission power valuos of
the source station, and transmits the pilot signal by use of a powe ~~
prescribed in the transmission power valueb of the relay station. 



IO 15. A wireless communication method for r~ multi-h~ ~p connection, which
performh signal transmission between a 'source statio~~, plurality of relay
stations and a destination station, the destination str~tic.n measures a
received SrI~ of the pilot Signal, calculates a required transmission power
valu~; in an immediately 1,5 preceding station) from which the pilot signal
is tran am.itted, by use of a transmission power value of the immediately
preceding station, at least one of the measured received SIR and a deairod
recewod SI)t, specifies a transmission path from the source station to the
destinatxan statwn by use of information included i n the roceived pilot 20
signal, calculates a total of reguired 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 x.
quired transmissian power value calculated for the pilot 9~gnal, 25 selects
x transmission path having a minimum tutr~l of the required transmission
power values among candidates of the specified transmisg~,on 32   path,
y,ransmits ~z pilot si~nHl including identification information abut
respective staCions Qn the selected transmissiun bath and required
transmission power values thereof: 33 
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