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ABSTRACT OF THE DISCLOSURE

A destination station 3 in a wireless communication system for a
multi-hop connection selects a transmission path having a minimum total of
required transmission powoer values of respective stations on the
transmission path among candidates of the transmission path from a source
station 1 to the destination station 3 and transmits a pilot signal to the
source station 1 and & relay station 2, the pilot signal including identitication
information about the respective stations un the selected transmission path
and required transmission power values thereof. Thus, the source station 1
and the relay atation 2, which have received this pilot signal, can determine
the transmission path having the minimum total of the required
transmassion power values by use of the identification information included

in the received pilut signal.
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WIRELESS COMMUNICATION SYSTEM FOR MULTI-HOP
CONNECTION, SOURCE STATION, RADIO STATION AND PILOT
SIGNAL USED THEREIN

CROSS-REFERENCE TO RELATED APPLICATIONS
This application is based upon and claims the benefit of priority from
Jupanese Patent Application No. 2002-56557 filed March 1, 2002; the entire

contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a wireless communication system for a
muliti-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 therein.
2. Description of Related Arxt

As the wireless communication system, a system using a smnygle-hop
connection method is known. Specifically, in the single-hop connection
method, a station to be a source of transmitting a signal (hereinafter referred
10 as a “source station”) establishes a wireless link direetly to u station as a
destination of the transmission (hereinafter referred to as a “destination
station”), thus performing the transmission of the signal. In this |
single-hope connection method, if a maximum transmission power in the

source station is prescribed, large propagation loss and interference noise
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power make it impossible to establish the wircless link between the source
station and the destination statiou, thereby resulting 1n lowerning ot an area
coverage.

To the above problem, there 1s a multi-hop connection method, in
which a plurality of relay stations are provided between the source station
and the destination station and the signal transmisaion is relayed by these
relay stations. This multi-hop connection method has been applied to
TDMA (Time Division Multiple Access) and CSMA (Carrier Sense Multiple
Access), because the method is effective in the point of preventing the
lowering of the area coverage and of reducing 4 transmission power.

In the TDMA and CSMA, when selecting an apprupriate
transmission path among a plurality of transmission paths between the
source station and the destination station, critera related to avoidance of a
packet collision and to the reductiorn of the transmission power were used as
main criteria.

However, when the multi-hop connection method is applied to CDMA
(Code Division Multiple Access), 1t is conceivable that, compared to the
TDMA and CSMA, new interference noise generated when the relay stations
relay the signal is increased. Thus, it is concerned that the increased

interference noise becomes a factor that lowers a system capacity.

SUMMARY OF THE INVENTION

One object of the present invention is to provide a wireless
communication system for a multi-hop cunnection, which is capable of
suppressing an increase of interference noise generated in relaying of signal

transmission by a relay statiun,
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A first aspect of the present invention 18 a wireless communication
system for a multi-hop connection, which performs signal transmission
among a source station, a plurality of relay atations and a destination station.
In the system, the source station has a transmission unit configured to
transmit a pilot signal including identification information of the source
station. The relay station therein has: a reception unit configured to receive
a pilot signal; a required transmission 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 and
caleulate a total of required trunsmission power values of respective stations
on the tranamission path; a selection unit configurcd to select a transmission
path having a minimum total of the required 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 values thereof. The destination station therein has: a
reception unit configured to reccive a pilot signall a required transmission
powey total calculation unit configured to specify a transmission path from
the source station to the destination 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 minimum total of the
required transmission powur values among candidates of the specified
transmission path: and a transmission unit configured to transmit a pilot
signal including identification information about vespective stations on the

selected transmission path and required transmission power values thereof,
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In the present invention, the transmission path having the minimum
total of the required transmission power values of the respective stations on
the transmission path is selected among the candidates of the transmission
path of the signal from the source station to the destination station, and the
pilot s1gnal including the identification information about the respective
stationg on this selected transmission path and the required transmission
power values thereof 15 transmitted to the source station and the relay
station. Thus, the destination station and the relay station, which have
received the pilot signal, can determine the transmission path having the
minimum total of the required transmission power values by use of the
identification information included in the received pilot stgnal in the signal
transmission performed threreafter and can transmit the signal with the
respective required transmission powers by use of the required transmission
power values included in the received pilot signal. As a resuit, the total of
the required transmssion power values in transmitting the signal from the
source station to the destination station can be minimized, the incrcase 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,

Regarding the transmission path {rom the source station to the
destination station, in order to select the transmission path having the
minimum total of the required transmission power values of the respective
stations on the transmission path, fixrst, the source station transmits the
pilot signal ineluding the identification information of the destination
station.

The relay station specifies the transmission path fiom the source
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station to the relay station by use of the identification information included
in the received pilot signal, selects the transmission path having the
minimum total of the required transmission power values among the
candidates of the transmission path and transmits the identification
information about the respective stations on this transmission path and the
required trunsmission power values thereof. Note that, as the transmission
path from the spurce station to the relay station, a direct transmission path
coing through no relay station and a transmission path going through one or
more relay stations may be possible.

The destination station specifies the transmission path from the
gource station to the destination station by use of the identification
information included in the received pilot signal and selects the transmission
path having the minimum total of the required transmission power values
among the candidates of the transmigsion path. In such a manner, a part of
processing necessary for the selection of the transmission path is 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 transmission path going
through no relay station and the transmission path going through one or
more relay stations may be possible.

In the first invention, the transmission units rransmit a pilot signal
at a transmission power prescribed in respective transmission power values,
respectively, the reception umts have a received SIR measurement unit
configured to measure a received SIR obtained when receiving the pilot
signal, the required transmission power total calculation units have a power

value calculation sub-unit configured to culculate a required transmission
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power value in an immediately preceding station, frum which the pilot signal
16 transmitted, by use of at least one of a transmission powor value of the
immediately preceding station, the measured received SIR and a desired
received SIR, and a total calcularion sub-unit configured to calculate a total
of required transmission power values of respective stations on the
tranamission path by use of required transmission power values included in
a veceived pilot signal and the required transmission power value calculated
for the pilot signal by the power value calculation sub-unit.

In the present invention, the relay station calculates a required
transmission power value that satisfies the desired received SIR in the
immediately preceding station by use of the transmission power value in the
immediately preceding station, from which the pilot signal 18 transmitted,
the received SIR measured in the reception of the pilot signal and the desired
received SIR, and adds up all of the required transmission power values
included in the recevived pilot signal and the required transmission power
value calculated for the pilot signal. Thus, the total of the required
transmission power values of the respective station on the transmission path
from the source station to the relay station can be calculated. This is
similar to the destination station.

A second aspect of the present invention is a source station
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 identification information
and transmission power values of the source starion; and a trapnsmission unit
configured to transmit the pilot signal by use of a power prescribed in the

transmission power values.
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A. third aspect of the present inveation 1s a radio station performing
aignal transmission with at Jeast une of a source station, a relay station and
a destination station, the radio station comprising’ a reception unit
configured to receive a pilot signal, a required transmission 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 and calculate a total of required transmission power values of
respective stalions on the transmission path; a selection unit vonfigured to
select a transmission path having a minimum total of the reyuired
transmission power values among vandidates 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 values thereof.

Here, the radio station corresponds to relay station, destination
station, and another station for which it is possible to communicate by
wireless.

A3 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
may be possible.

A fourth aspect of the present invention 15 a pilot signal used 1n a
wireless communication system for a multihop connection, the system
performing signal transmission among a source station, a plurality of relay
stations and a destination station. In order to enable selectiun of a
transmission path having a minimum total of required transmission power

values of respective stations, the pilot signal includes 1dentification
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information about the respective stations on the transmission path of the
pilot signal and required transmission power values thereof.

The fifth aspect of the present invention is a wireless communication
method for a multi-hop 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 relay
station measures a received SIR of the pilot signal, calculates a required
transmission power value of 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, generates a pilot signal including identification
information and the required transmission power values of the source
station, and transmits the pilot signal by use of a power prescribed in the
transmission power values of the relay station.

The sixth aspect of the present invention is A wireless
communication method for a multi-hop connection, which performs signal
transmission between a source station, plurality of relay stations and a
destination station, when rcceiving the pilot signal from the other relay
station, the relay station measures a received SIR of the pilot signal,
calculates a required transmission power value of the source station by use
of at least a tranamission power value of the source station, the measured
received SIR and a desired received SIR, specifies a transmission path from
the source starion to the relay station by use of information included in the
received pilot signal, calculates u total of required transmission power values
of respective stations on the transmission path by use of reguired
transmission power values included in a received pilot signal and the

required transmission power value calculated for the pilot signal, selects a
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transmission path having a minimum total of the required transmission
puwer values among candidates of the specified transmission path, generates
a pilot signal including identification information and the required
transmission power values of the source station, and transmits the pilot
signal by use of a power prescribed in the transmission power values of the
relay station.

The seventh aspect of the present invention is a wireless
communication method for a multi-hop connection, which performs signal
transmission between a source station, plurality of relay stations and a
destination station, the destination station measures a received SIR of the
pilot signal, calculates a required transmission power value in an
immediately preceding station, from which the pilot signal 1s transmitted, by
use of a transmission power value of the immediately preceding station, at
least one of the measured received SIR and a desired received SIR, apecifies
a transmission path from the source station to the destination station by use

of information included in the received pilot signal, calculates a total of

required transmission power values of respective stations on the

transmission path by use of requared transmigsion power values included in
a received pilot signal and the required transmission power value calculated
for the pilot signal, selects a transmassion path having & minimum total of
the required transmission power values among candidates of the specified
transmission path, transmits a pilot signal including identification
information about respective stations on the selected transmission path and
required transmission power values thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a block diagram of a general schematie constitution of a
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wireless communication system for a multi-hop connection, according 10 one

embodiment.

FI1G. 2 shows a block diagram of one constitutional example of a

source station shown in g, 1.

FIG. 3 shows a flowchart of one example of a processing in the source
station.

FIG. 4 shows one structural example of a pilot signal transmitted by
the source station.

FIG. 5 shows transmission paths when relay stations transmit pilot
signals 1n the wireless communication system.

FIG. 6 shows a block diagram of one constitutional example of the
relay station shown in FIGS. 1 and 5.

FIG. 7 shows a {lowchart of one example of a processing in a relay
station in the case of directly receiving a pilot signal from a source station (a
second hop).

FIG. 8A shows one structural exarnple of a pilot signal recewved by a
relay station of the second hop.

FIG. 8B shows one structural example of a pilot signal tranamitted
by the relay station of FIG. 8A.

FIG. 9 shows a flowchart of one example of a processing 1n a relay
station in the case of receiving a pilot signal from another relay station (a
third hop and thereafter).

FIG. 10A shows vne structural example of a pilot signal received by a
relay station in the third hop.

F1G. 10B rhows one structural example of a pilot signal transmitted

by the relay station of FIG. 10A.

10
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FIG. 10C shows one structural example of a pilot signal transmitted
by a relay station in a fourth hop and thercafter.

FIG. 11 shows a transmission path when a destination =tation
transmits a pilot signal in the wireless communication system.

FIG. 12 shows a block diagram of one structural example of the
destination station.

FIG. 18 shows a flowchart of one example of a processing in the
destination station at the time of receiving a pilot signal,

FI1G. 14 shows a block diagram of another constitutional example of a

relay station.

DETAILED DESCRIPTION OF EMBODIMENT

With reference to the drawings, an embodiment of the present
invention will be described below.

FIG. 11s a block diagram showing a general schematic constitution of
a wireless communication system for a multi-hop connection ac;:ording to one
embodiment. The wireless communication system of FIG. 1 18 constituted
of a source station 1, a plurality of relay stations 2 (which are appropriately
denoted as “relay stations 24, 2B, 2C...” for the respective relay stations)
and a destination station 3. The respective relay stations 2A, 2B and 2C
have basically a ssimilar constitution. As to a transmission path of a signal
from the source station 1 to the destination station 3, there are a
transmission path in which the signal is directly transmitted from the source
station 1 to the destination station 3 and a transmission path in which the
signal 1s transmitted by being relayed through one or more of the relay

stations 2 before reaching the destination station 3 from the source station 1.

11
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In the wireless communication system of the present invention,
performed is a processing of calculating transmission power values required
for the source station 1 and the respective relay stations 2 (hereinafter

referred to as “required transmissiun power values’) and of selecting a

transmission path having a minimum total of the required transmission

puwer values among candidates of the foregoing transmission path, In
order to perform this processing, o transmission of a pilot signal as described
later is porformed before transmitting an original signal. Hereinafter,
detailed description will be made for the processing in the wirelegs
communication system of the present invention.

FIG. 2 is a block diagram showing one constitutional example of the
gource station 1. The source station 1 is constituted at least 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
source station 1. When g start of an establishment processing of an
outgoing wireless link is instructed in Step 1, the pilot signal generation unit
11 generates, in Step 2, a pilot signal by making identification information of
the source station 1 (hereinafter, identification information of a station to
transmit a signal is appropriately referred to as a “transmission station [D")
and a transmission power value thereof into frames, respectively, the
transmission power value being previously determined as a power for
transmitting the pilot sipnal. In Step 3, the transmission unit 12 transmits
the generated pilot signal by use of a transmission power prescribed by the
transmission power value. As to the pilot signal transmitted from the
source station 1, there are a case where the pilot signal 15 received by any of

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

12
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the destination station 3.

FIG. 4 is a diagram showing one structural example of the pilot
signal in this event., Thas pilot signal includes the transmission station 1D
(the idenrtification information) of the source station 1 and the transmission

power value thereof.

FIG. 5 is a diagram showing a transmission path when the relay
stations Z transmit pilot signals. As shown in FIG, 5, for example, when the
relay station 2A receives the pilot signal, there are a transmission path in
which the pilot signal is transmitted directly from the relay station 2A to the
destination stationn 3 and a transmission path in which the pilot signal is
transmitted from the relay station 2 to the destination station 3 as going
through the other relay station 2B or 2C. It is also similar to the above
when the relay station 2B or 2C receives the pilot signal from the source
station 1.

FIG. 6 is a block diagram showing one constitutional example of each
of the relay stations 2. The relay station 2 of FIG. 6 is constituted of- a
reception unit 21; a received S1R measurement unit 22; a decoding unit 23; a
required transmission power total calculation unit 24; a selection unit 27; a
pilot signal generation unit 28; and a transmidsion unit 29.

The selection unit 27 has a storage sub-unit 25 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 calculation sub-unit 51.
Hereinafter, functions of the respective units will be described. -

FIG. 7 is a flowchart showing one example of a processing in the
relay station 2 in the case of divectly recewving the pilot signal from the

source station 1 (a second hop).

13
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In Step 11, the reception unit 21 receives the pilot signal transmitted
from the source station 1.

In Step 12, the received SIR messurement unit 22 measures a
received SIR (Signal-to-Interference Ratio) at the time of receiving the pilot
signal. The decoding unit 23 decodes the identification information and
transmission power value of the source station 1, which are included in the
recelived pilot signal. The storage sub-unit 25 stores these identification
information and transmission power value. The power value calculation
sub-unit 50 of the required transmission power total caleulation unit 24
calculates & required transmission power value that satisfies a desired SIR
in the source station 1 by use of at least one of the measured received SIR, a
desired received SIR and the transmission power value of the source station
1. This calculation is performed in such a manner that, for example, a
difference between the measured received SIR and the desired received SIR
corresponds to a difference between the transmussion power value and the
required transmission power value., The storage sub-unmit 25 stores this
required trunsmission 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
identification information and required transmission power value of the
source station 1 from the storage sub-unit 25 and generates a pilot signal by
making the above-descmbed information, 1dentification information of the
rclay station and a transmission power value into frames, the transmission
power value being obtained when the relay station transmats a pilot signal.

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

signal by use of a transmission power prescribed by a transmission power

14
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value of the relay station.

FIG. 8A 1s a diagram showing one structural example of the pilot
signal received by the relay station 2 in Step 11. FIG. 8B is a diagram
showing one structural example of the pilot signal transmitted by the relay
station 2 in Step 14. As shown in FIG. 8B, the transmitted pilot signal
includes the transmission station 1D of the source smtion 1, the required
transmission power value thereot a transmission station ID of the relay
station 2 and the transmission power value thereof.

F1G. 9 13 a flowchart illustrating one example of a processing in the

rclay station 2 in the case of receiving a pilot signal from the other relay

station 2 (a third hop and thereafter).

In Step 21, the reception unit 21 receives a pilot signal transmitted
from the other relay station 2.

In Step 22, the received SIR measurement unit 22 measures a
received SIR at the time of receiving the pilot signal. The decoding unit 23
decodes all information included in the received pilot signal. This
information includes, in the third hop, the identificarion information and
required transmission power value of the source station 1, and identification
mformation and a transmission power value of the immediately preceding
relay station 2, from which the pilot signal is transmitted. The power value
calculation sub-unit 50 of the required transmission power total calculation
unit 24 calculates a required transmission power value that satisfies a
desired SIR in the immediately preceding relay station 2 by use of at least
one of the measured received SIR, a desired received SIR and the
transmission power value of the immediately preceding relay station 2.

In Step 23, the total calculanion sub-unit 51 of the required

15
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transmission power total caleulation unit 24 adds up all of required
transmission power values included in tho received pilot signal and the
required transmission power value calculated for the pilot signal by the
power value calculation sub-unit, thus caleulating a total of the reguired
transmission power valucs of the respective stations on the transmassion
path of the piulot signal.

In Step 24, the comparison sub-unit 26 compares the total of the
required transmission power values, which 1s calculated for the pilot signal
by the required transmission power total calculation unit 24, to a total of the
required transmission power values stored in the storage sub-umt 25. If
the calculated total of the required transmission power values is smaller
than the stored total, the processing advances to Step 25, and if not, the
processing returns to Step 21.

In Step 25, having found out that the transmission path of the pilot
signal 18 a trunsmission path having a munimum total of the required
transmasion power values, the comparison sub-unmit 25 updates the
1dentification information and required transmission power values stured in
the storage sub-unit 25 by use of all of the identification information and
required transmission power values included in the piulot signal and the
required transmission power value calculated for the immediately preceding
relay station 2, from which the pilot sipnal is transmitted, by the power
value calculation sub-unit 50. Specifically by use of the identification
information and required transmission power values for the respective
stations on the transmission path of the pilot signal, the information stored
in the storage sub-unit 25 is updated. After the above-described updating,

the processing returns to Step 21 and the foregoing processing 1s ropeated.

16
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Meanwhile, in Step 26 immediately after Step 21, the comparison
sub-unmit 26 determines whother or not another pilot signal has been nlready
received. If no pilot signal has been received, the processing advances to
Step 27 and a buwlt-in timer is sturted. In other words, the built-in timer is
started by taking the first time of receiving a pilot signal as a trigger.

In Step 28, by use of the builtin timer, the comparison sub-unit 26
determines whether or not a fixed period of thme has passed. Up until the
fixed period of time elapses, the above-described processing from Step 21 to
Step 25 is repeated, and the processing advances to Step 29 as ths fixed
period of time elapsed. In such a manner, among the candidates of the
transmission path from the source station 1 to the relay station 2, a
transmission path having é minimum total of required transmission power
values at the elapse of the fixed period of time 1s selected, thus resulting in a
state where the 1dentification information and required transmission power
values for all the stations on the transmission path are stored in the storage
sub-unit 25,

In Step 29, the pilot signal genoration unit 28 reads out the
information stored in the storage sub-unit 25, that i1s, the identification
information and requirad transmission power values for all the stations on
the transmission path bhaving the minimum total of the required
transmission power values, and generates a pilot signal by making these
information, the identification information of the relay station 2 and the
transmission power value into frames, the transmission power value being
vbtained when the relay station 2 transmits the pilot signal. In this event,
it 18 assumed that the transmission power value for the immediately

preceding relay station 2, which is included in the received pilot signal, is
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replaced by the required transmission power value calculated for the
immediately preceding relay station 2.

In Step 30, the transmission unit 29 transmits the generated pilot
signal by use of the transmission power prescribed by the transmission
power value in the relay station 2.

FIG. 10A is a diagram showing one structural example of the pilot
signal received by the relay station 2 in Step 21. FIG. 10B 1s a diagram
showing one structural example of the pilot signal transmitted by the relay
station 2 at the third hop in Step 28. FIG. 10C 18 a diagram showing one

structural example of the pilot signal transmitted by the relay statiun 2 at

the fourth hop and thereafter in Step 28. As shown in FIG. 10C, the
transmitted pilot signal includes: the transmission station ID (dentification
information) of the source station 1 and the required transmission power
value thereof, transmission station IDs for all the relay stations 2 on the
transmassion path, in which the palot signal is transmitted, and required
transmission power values thereofl and the transmission station ID of the
relay station 2 and the transmission power value thereof.

FIG. 11 is a diagram showing a transmission path when the
destination station 3 transmits a pilot signal. There are a transmission
path in which the signal is transmitted from the destination statiun 3 to any
of the relay stanons 2 and a transmission 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 constitutional example of the
destination station 3. The destination station of FIG. 12 is constituted of a
reception unmt 31, a received SIR measurement unit 32, a decoding unit 33, a

required transmission power total caleulation unit 34, a selection unit 37, a
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pilot signal generation unit 38 and a transmission umt 38. The selection
unit 37 has a storage sub-unit 35 and a comparison sub-unit 36, and the
required transmission power total calculatiun unmit 34 has a power value
calculation sub-unit 60 and a total calculation sub-unit 61. Heremafter,
functions of the respective units will be described.

FIG. 18 is a flowchart illustrating one example of a processing in the
destination station 3 when receiving a pilot signal.

In Step 31, the reception unit 31 recewves a pilot signal transmitted
from the source station 1 or the relay station 2.

In Step 32, the received SIR measurement unit 32 measures a
received SIR at the time of receiving the pilot signal. The decoding unit 33
decodes all information included in the received pilot signal. In this
information, as an example, included are: the identification information of
the source station 1 and the required transmission power value thereof: and
the identification information for the respective relay stations 2 on the
transmission path, in which the pilot signal 18 transmitted, and the required
transmigsion power values thereof Note that, as to the immeoediately
preceding relay statiop 2 that has become the transmission souxrce, the
transmission power value i1s included, instead of the required transmission
power value. The power value calculation sub-unit 60 of the required
transmission power total calculation unit 34 caleulates a required
transmission power value that satisfies a desired SIR in the immediately
preceding relay station 2 by use of at least one of the measured received SIR,
g desired received SIR and the transmission power value of the immediately
preceding relay station 2.

In Step 33, the total calculation sub-unit 61 of the required
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transmission power total calculation unit 34 adds ap all of required
transmission power values included in the received pilot signal and the
required transmission power value calculated for the pilot signal by the
power value calculation sub-unit, thus calculating a total of the reyuired
transmission power values of the respective stations on the transmisson
path of the pilot signal.

In Step 34, the comparison subunit 36 compares the total of the
required transmission power values, which 18 calculated for the pilot signal
by the required transmission power total calculation unit 34, to a total of the
reguired transmigsion power values stored in the storage sub-unit 35. If
the calculated total of the required transmission power values is smaller
than the stored total, the processing advances to Step 35, and if not, the
processing returns to Step 31.

[n Step 35, having found out that the transmission path of the pilot
sipnal 18 a transmission path having a minimum total of the required
transmission power values, the comparison sub-unit 36 updates the
identafication information and required transmission power values stured in
the storage sub-umit 35 by use of all of the identification information and
required transmisgion power values included in the pilot signal and the
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 identification information
and required transmission power values for the respective stations on the
transmission path of the pilot signal, the information stored in the storage
sub-unit 35 1s updated. After the above-described updating, the processing

returns to Step 31 and the foregoing processing is repeated.
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Meanwhile, in Step 36 immediately after Step 31, the comparison
sub-unit 36 determines whether or not another pilot signat has been already
received. If no pilot signal has been roceived, the processing advances to
Step 37 and a built-in timer is started. In other words, the built-in timer 1s
started by taking the first time of receiving a pilot signal as a trigger.

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 passed. Up until the
fixed period of time elapses, the above-described processing from Step 31 to
Step 35 1s repeated, and the processing advances to Step 39 as the fixed
period of time clapsed. In such a manner, among the candidates of the
transmission path from the source station 1 to the destination station 3, a
transmission path having a minimum total of required transmission power
values at the elapse of the fixed period of time 18 selected, thus resulting in a
state where the identification information and required transmission power
values for all the stations on the transmission path are stored in the storage
sub-unit 35.

In Step 39, the pilot signal generation unit 38 reade 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
the transmission path having the minimum total of the required
transmission power values, and generates a pilot signal by making these
information into frames.

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

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

and the respective relay stations 2. This pilot signal may he received by the
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source station 1 after going through any of the relay stations 2 or muy be
received directly from the destination station 3. Thereafter, the source
station 1 and the respective relay stations 2 determine the transmission path
having the minimum total of the required transmissien power values by use
of the identification information included in the received pilot signual and
transmits the signal by use of the transmission power prescribed by the
required transmission power value included in the received pilot signal.
Therefors, according to the embodiment, the destination station 3
selects the transmission path having the minimum total of the required
transmission power values of the respective stations on 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 source
station 1 and the relay station 2, the pilot signal including the identification
information about the respective stations on the selected transmission path
and the required transmission power values thereof. Thus, in transmitting
signals thereafter, the source station 1 and the relay station 2, which have
received this pilot signal, can determine the transmission path having the
minimum total of the required transmission power values by use of the
wdentification information included in the received pilot sipnal and can also
transmit the signal at the transmission power prescribed by the required
transmission power value included in the received pilot signal. In such a
manner, the total of the required transmission power values in transmitting
the signal from the source station 1 to the destination station 3 can be
minimized, the increase of the interference noise generated i1n relaying of the
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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Note that, in the embodiment, the power value calculation sub-unit
50 of the required transmisgion power total calculation unit 24 1n the relay
station 2 and the power value calculation sub-tunit 60 of the requured
transmission power total calculation umt 34 in the destination station 3
calculate the required transmission power value in the mmediately
preceding station, from which the pilot signal is transmitted, by use of the
transmission power values included in the received pilot signal, respectively,
However, there 1s no limitation placed in this regard. As another
embodiment, storage units that store transmiesion power values in other
stations may be provided in the relay station 2 and the destination station 3,
and in calculating a required transmission power value in a immediately
preceding station, the transmigsion power values stored in the storage units
may be used.

Moreover, though the relay station 2 in the embodiment has the
constitution shown in FIG. 6, a constitution shown in FIG. 14 may be also
adopted. The relay station 2 shown in FIG. 14 has a constitution using a
gelection unit 43 that has a storage sub-unit 25, a comparison sub-unit 41
and a switch 42, instead of the selection unit 27 of FIG. 6. Note that the
other constituent components that are the same as those of FIG. 6 are
denoted by the sume referance numerals.

In the constitution shown in FIG. 14, the pilot signal generation unit
28 generates a pilot signal by making mto frames the following: all the
identification information and required transmission power values included
in the received pilot signal; the required transmission power value caleulated
by the power value calculation sub-unit 50 of the required transmission

power total calculation umit 24; and the 1dentification information about the
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relay station and the transmission power value thereof.

The comparison sub-unit 41 compares the total of the required
transmission power values calculated for the received pilot signal by of the
reyuired transmission power total calculation unit 24 to the total of the
required transmission power values stored in the storage sub-umit 253,
updates the identification information and required transmission power
values stored in the storage sub-unit 25 by use of the identification
information and required transmission power values for the respective
stations, which are included in the pilot signal, and the required
transmssion power value calculated by the power valuye calculation sub-unit
50 only if the calculated total of the required transmission power values is
smaller than the stored total, and transmits the pilot signal generated by the
pilot signal generation unit 28 to the transmission unit 29 by turning on the
switch 42.

Unlike the relay station of FIG. 6, the relay station 2 of F1G. 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 pilot signal as described
above, the destination station 3 van provide information for selecting the
transmission path having the minimum total of the required transmission
power values. Moreover, by successively processing the pilot signal at each
time of the reception thereof, a transmission delay of the pilot signal can be
reduced.

Moreovery, the wireless communication system according to the

embodiment ¢an be applied to incoming and outgoing links of a cellular

communication system such as TDMA, CSMA, CDMA and the like, For
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example, in the case of the application thereof to the outgoing link, the
gource station 1 corresponds to a base station, the destination station 3
corresponds to a mobile station, and the relay station 2 corresponds to &
mobile station or 2 station dedicated to relay. In the case of the application
thercof to the incoming link, the source station 1 corresponds to the mobile
station and the destination station 3 corresponds to the base station.
Moreover, in the embodiment, the pilot signal is transmiited
including the identification information of the reapective stations, the
required transmission power values thereof and the ike. However, a signal

including control information besides the above information may be used as

the pilot signal.
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WHAT IS CLAIMED IS:
1. A wireless communication system for a multi-hop connection, which
performs signal transmission hetween a source station, plurality of relay
stanons and a destination station,
the source station comprising:

a transmission unit configured to transmit a pilot signal including
1identification information of the source station,
the relay station comprising:

a reception unit configured to receive a pilot signal;

a required transmission power totaul 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 and calculate a total
of required transmission power values of respective stations on the
transmission path;

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

a transmission unit configured to transmit a pilot signal 1ncluding
identification information about respective stations on the xselected
transmission path and required transmission power values thereof, and
the destination station comprising:

a reception unit configured to receive a pilot signal;

a requirod transmission power total calculation unit contigured to
specify a transmission path from the source station to the destination 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
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transmjssion path:

a selection unit configured to select a transmission path having a
minimum total of the required transmission puwer values among candidates
of the specified transmission path; and

a transmisgion unit configured to transmit a pilot signal including
identification information about respective stations on the selected
transmission path and required transmission power values thereof
2. The wireless communication system for a muiltihop connection of
Claim 1, wherein

the transmission units transmit a pilot signal at a transmission
power prescribed in respective transmission power values, respectively,

the reception units have a received SIR measurement unit configured

to measure g received SIR obtained when receiving the pilot signal,

the required tranamission power total calculation units have

a power value calculation sub-unit canfigured to calculate a required
transmission power value in an immediately preceding station, from which
the pilot sigpal 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 SIR, and

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 a received pilot gignal
and the required transmission power value caleulated for the pilot signal by
the power value calculation sub-unit.

3. The wireless comrmunication system for a multi-hop connection of

Claims 1 or 2, wherein
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the reception units receive a pilot signal for a fixed period of time,

the selection units select a transmission path having a minimum
total of required transmission power values among candidates of the
transmission path for the pilot signal received in this fixed period of time.

4. A source station performing signal transmission with at least une of
relay station and a destination station,
the source station comprising:

a pilot signal generation unit configured to generate a pilot signal
including identification information and transmission power values of the
source station; and

a tyansmission 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 &
sourcve station, a relay station and a destination station,
the radio station comprising:

a reception umit configured to receive a pilot signal;

a required transmission 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 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 havmg a
minimum total of the required transmission power values among candidates
of the specified transmission path; and

a transmission unit configured to transmit a piot signal ineluding

identification jnformation about respective stations on the selected
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transmission path and required transmission power values thereol.
8. The radio station of Claim 5, further comprising a veceived SIR
measurement unit configured to measurc a received SIR obtained when
recciving the pilot signal,

the transmission unit transmits a pilot signal at 4 transmission
power prescribed 1n a transmission power value,

the required transmission power total calculation unit has

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 a transmission power
value of the immediately preceding station, the measured received SIR and a
desired received SIR and

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 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 caiculation
sub-unit uses a transmission power value included in the received pilot
signal.
8. The radio station of Claim 7, wherein

the transmission unit tranpsmits & pilot signal including a
transmission power value of the radio station.
g, The radio station of Claim 6, wherein the power calculation sub-unit
uses previously stored transmission power values for other stations.

10. The radio station of Claim 5, wherein
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the selection urut has

a storage sub-unit configured to store 1dentification informarion and
required transmission power values und

g comparison sub-unit configured to compare a total of required
transmission power values calculated for a received pilot signal by the
required transmission power total calculation unit of the relay statum to a
total of the required transmission power values stored in the storage
sub-unit, and if the total of the required transmission power values
caleulated for the pilot signal is smaller, update the identification
information and the required transmission power values, which are stored in
the storage sub-unit, by use of identification information about respective
stations on a transmission path of the pilot signal and required transmission
power values thereof.
11. The radio station of any one of Claims § to 10, wherein

the reception unit receives a pilot signal for a fixed period of time and

the selection unit selects a transmission path having a mimmmum
total of required transmission power values among candidates of the
transmission path for the pilot signal received in this fixed period of time.
12, A pilot signal used in a wireless communication system for a
multi-hop connection, the system performing signal transmission between a
source station, a plurality of relay stations and a destination station,
the pilot signal comprising:

identification information about the respective stations on the
transmission path of the pilot signal and required transmission power values
thereof in order to enable selection of a transmission path having a minimum

total of required transmission power values of respective stations.
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13. A wireless communication method for a multi-hop connection, which
performs signal transmission between a source station, plurality of relay
stations and a destimation station,

when receiving the pilot signal {rom the source station directly, the
relay station

measures a received SIR of the pilot signal,

calculates a required transmission power value of 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,

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

transmits the pilot signal by use of a power prescribed in the
transmission power values of the relay station.
14 A wireless communication method for a multihop connection, which
performs signal transmission between a source station, plurality of relay
stations and a destination station,

when receiving the pilot signal from the other relay station, the relay
station

measures a received SIR of the pilot sagnal,

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

apecifies a transmission path from the source station to the relay
station by use of information included in the received pilot signal,

calculutes a total of required transmission power values of respective

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

selects a transmission path having a minimum total of the required
transmission power values among candidates of the specified transmassion
path,

generates a pilot signal including 1dentification information and the
required transmission power values of the source station, and

transmits the pilot signal by use of a power prescribed in the
transmission power values of the relay station.
15. A wireless communication method for a multi-hop connection, whach
performs signal transmission between a source station, plurality of relay
stations and a destination station, the destination station

measures a received SIR of the pilot signal,

calculates a required transmission power value 1n an immediately
preceding station, from which the pilot signal is transmitted, by use of a
transmission power value of the immediately preceding station, at least one
of the measured received SIR and a desired received SIR,

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

calculates a total of required transmassion 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 {or the pilot signal,

relects a transmission 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 identification information about
respective stations on the selected transmission path and reqguired

transmission power values thercot.
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