DESCRI PTI ON
Title of Invention: RAD O RECEI VI NG APPARATUS, RADI O
TRANSM SSI ON APPARATUS, COVMUNI CATI ON METHOD, AND
COVMUNI CATI ON SYSTEM
Technical Field
[ 0001]

The present invention relates to a radio receiving
apparatus, a radio transm ssion apparatus, a conmuni cation
nmet hod, and a conmuni cati on system
Background Art
[ 0002]

An | EEE802. 11ac standard has been devel oped by the | EEE
(The Institute of Electrical and El ectronics Engi neers,
Inc.) as an advanced standard of | EEE802.11n which is a
radi o LAN (Local area network) standard that has been w dely
put into use. Currently, standardization for |EEE802. 11ax
is intended as a successive standard of |EEE802.11n/ac. 1In
the current radio LAN system interference due to an
increase in the nunber of terminals per unit area is
becom ng a | arge problem and such an overcrowded
envi ronment needs to be taken into consideration in the
| EEE802. 11ax standard. On the other hand, differently from
t he past radi o LAN standards, not only inprovenent of peak
t hroughput but al so i nprovenment of user throughput are

di scussed as nmain requirenents in the | EEE802. 11ax st andar d.



It is essential to introduce a highly efficient sinultaneous
mul ti pl exi ng transm ssion schenme (access schene) in order to
i nprove the user throughput.
[ 0003]

In standards before the | EEE802. 11n standard, an
aut ononous distributed control access schene called CSMAN CA
(Carrier sense multiple access with collision avoi dance) has
been adopted as the access schene. Space division nultiple
access (SDVA) by a nmulti-user nmultiple-input nultiple-output
(MJ>M M) technique is newy added in | EEES02. 11ac.
[ 0004]

Further inprovenent of the access schene is required in
t he | EEE802. 11ax standard for inproving the user throughput.
Exanpl es of the highly efficient access schene include
Ot hogonal Frequency Division Miultiple Access (OFDVA). The
OFDVA is a schene using characteristics of Othogonal
Frequency Division Miltiplexing (OFDM in which frequency
efficiency is enhanced by arranging a | arge nunber of
ort hogonal sub-carriers densely at intervals of a reciproca
of a signal duration. In the OFDMA, any nunber of sub-
carriers (or a frequency band conposed of a group of
contiguous sub-carriers) with good characteristics are
all ocated to each of radio receiving apparatuses in
accordance with reception characteristics different between

the radi o receiving apparatuses in nultipath environnents,



t hereby further increasing substantial frequency efficiency.
It is expected that the user throughput is inproved by
introducing the OFDVA to the | EEE802. 11ax standard (NPL 1).
Citation List

Non Patent Literature

[ 0005]

NPL 1: | EEE 11-13/1395r2, "Sinultaneous transm ssion
t echnol ogi es for HEW, Novenber 2013.

Summary of Invention
Techni cal Probl em
[ 0006]

However, the | EEE802. 11ax standard needs to coexi st
with an existing | EEEB02. 11 standard such as | EEE802. 11n/ ac.
Thus, in the case where the OFDVA is introduced to the
| EEE802. 11ax standard and virtual carrier sense is used, the
carrier sense needs to be recogni zed al so by the existing
| EEE802. 11 standard. |In the case where virtual carrier
sense of the existing | EEE802.11 standard is sinply
introduced to the | EEE802. 11ax standard, however, overhead
i ncreases and i nprovenent of throughput is limted.

[ 0007]

The invention has been nmade in view of such
ci rcunst ances, and an object thereof is to provide a radio
transm ssion apparatus, a radi o receiving apparatus, a radio

comruni cation system and a comuni cation nmethod that are



all owed to coexist with a comruni cati on apparatus of the
exi sting comuni cation system in a conmunication system
whi ch has CSMA/ CA as a premise and to which is introduced a
new access schenme that is not introduced to an existing
conmmuni cati on systemto coexist.

Solution to Probl em

[ 0008]

A radi o transm ssion apparatus, a radi o receiving
apparatus, a communi cation system and a communi cation
met hod according to the invention for solving the
af orenenti oned problens are as foll ows.

[ 0009]

(1) That is, a radio receiving apparatus of the
invention is a radio receiving apparatus performng
comuni cation with a radi o transm ssion apparatus that
performs multi-user transmssion with a plurality of radio
recei ving apparatuses in a conmunication systemthat
controls transm ssion opportunity in an autononous
di stributed manner, and the radi o receiving apparatus
includes: a reception unit that receives a resource
reserving signal which is transmtted fromthe radio
transm ssion apparatus; and a transm ssion unit that
transmts a first resource reserving response signal and a
second resource reserving response signal to the radio

transm ssi on apparatus by using at |east one radi o resource



wi th which the resource reserving signal is received, in
which at least information included in the first resource
reserving response signal is identical to information
included in the first resource reserving response signal
transmtted by another of the radio receiving apparatuses.
[ 0010]

(2) The radio receiving apparatus of the invention is
the radi o receiving apparatus according to (1) above, in
which a radio resource with which the transm ssion unit
transmts the second resource reserving response signal is
part of a radio resource with which the transm ssion unit
transmts the first resource reserving response signal and
information indicating the radio resource with which the
transm ssion unit transmts the second resource reserving
response signal is signaled fromthe radio transm ssion
appar at us.

[ 0011]

(3) The radi o receiving apparatus of the invention is
the radi o receiving apparatus according to (1) above, in
which the transmi ssion unit applies cyclic shift to the
second resource reserving response signal and information
indicating a cyclic shift amount of the cyclic shift applied
by the transm ssion unit to the second resource reserving
response signal is signaled fromthe radi o transm ssion

appar at us.



[ 0012]

(4) The radio receiving apparatus of the invention is
the radi o receiving apparatus according to any of (1) to (3)
above, in which the second resource reserving response
signal includes information indicating the radio resource
with which the transm ssion unit transmts the first
resource reserving response signal.
[ 0013]

(5) The radio receiving apparatus of the invention is
the radi o receiving apparatus according to any of (1) to (3)
above, in which the resource reserving signal includes
information indicating that the radi o transm ssion appar at us
starts the nulti-user transm ssion.
[ 0014]

(6) The radio receiving apparatus of the invention is
the radi o receiving apparatus according to any of (1) to (3)
above, in which the reception unit starts a reception
operation after the transm ssion unit has transmtted the
second resource reserving signal, and stops the reception
operation in a case of having not received a signal
transmtted fromthe radio transm ssion apparatus for a
certain tinme period after the reception operation has
start ed.
[ 0015]

(7) Aradio transm ssion apparatus of the invention is



a radi o transm ssion apparatus that perfornms nulti-user
transm ssion with a plurality of radi o receiving apparatuses
in a conmunication systemthat controls transm ssion
opportunity in an autononous distributed manner, and the
radi o transm ssion apparatus includes: a transm ssion unit
that transmts a resource reserving signal to the plurality
of radi o receiving apparatuses; and a reception unit that
receives first resource reserving response signals and
second resource reserving response signals transmtted from
the plurality of radio receiving apparatuses, in which
information indicating a radio resource with which the
plurality of radio receiving apparatuses transmt the first
resource reserving response signals is acquired on the basis
of the second resource reserving response signals.

[ 0016]

(8) The radio transm ssion apparatus of the invention
is the radio transm ssion apparatus according to (7) above,
in which a radio resource with which the plurality of radio
recei ving apparatuses transmt the second resource reserving
response signals is signaled to the plurality of radio
recei vi ng appar at uses.

[ 0017]

(9) The radio transm ssion apparatus of the invention

is the radio transm ssion apparatus according to (7) above,

in which a shift amount of cyclic shift applied by the



plurality of radio receiving apparatuses to the second
resource reserving response signals is signaled to the
plurality of radio receiving apparatuses.

[ 0018]

(10) The radio transm ssion apparatus of the invention
is the radio transm ssion apparatus according to any of (7)
to (9) above, in which information indicating that the
mul ti-user transmssion is started is included in the
resource reserving signal
[ 0019]

(11) The radio transm ssion apparatus of the invention
is the radio transm ssion apparatus according to (10) above,
in which the information indicating that the nmulti-user
transm ssion is started is information indicating a group of
the plurality of radio receiving apparatuses that
participate in the nmulti-user transm ssion.

[ 0020]

(12) A conmunication nmethod of the invention is a
comuni cation nethod included in a radi o receiving apparatus
perform ng communi cation with a radi o transm ssi on appar at us
that perfornms nmulti-user transmssion with a plurality of
radi o recei ving apparatuses in a comruni cati on systemt hat
controls transm ssion opportunity in an autononous
di stri buted manner, and the communication nethod incl udes

the steps of: receiving a resource reserving signal which is



transmtted fromthe radio transm ssi on apparatus; and
transmtting a first resource reserving response signal and
a second resource reserving response signal to the radio
transm ssi on apparatus by using at | east one radi o resource
wi th which the resource reserving signal is received, in
whi ch information included in the first resource reserving
response signal is identical to information included in the
first resource reserving response signal transmtted by
anot her of the radi o receiving apparatuses.

[ 0021]

(13) A conmunication nmethod of the invention is a
conmuni cation nmethod included in a radio transm ssion
apparatus performng nulti-user transmssion with a
plurality of radio receiving apparatuses in a conmmunication
systemthat controls transm ssion opportunity in an
aut ononous di stri buted manner, and the conmuni cati on nethod
i ncludes the steps of: transmtting a resource reserving
signal to the plurality of radio receiving apparatuses;
receiving first resource reserving response signals and
second resource reserving response signals transmtted from
the plurality of radio receiving apparatuses; and acquiri ng,
on the basis of the second resource reserving response
signals, information indicating a radio resource with which
the plurality of radio receiving apparatuses transmt the

first resource reserving response signals.



[ 0022]

(14) A conmunication systemof the invention is a
communi cation systemthat controls transm ssion opportunity
in an autononous distributed manner and includes a plurality
of radio receiving apparatuses and a radi o transm ssion
apparatus that perforns nulti-user transm ssion with the
plurality of radio receiving apparatuses, in which the radio
recei ving apparatus includes: a reception unit that receives
a resource reserving signal which is transmtted fromthe
radi o transm ssi on apparatus; and a transm ssion unit that
transmts a first resource reserving response signal and a
second resource reserving response signal to the radio
transm ssi on apparatus by using at | east one radi o resource
wi th which the resource reserving signal is received, in
whi ch information included in the first resource reserving
response signal is identical to information included in the
first resource reserving response signal transmtted by
anot her of the radi o receiving apparatuses, the radio
transm ssi on apparatus includes: a transm ssion unit that
transmts the resource reserving signal to the plurality of
radi o receiving apparatuses; and a reception unit that
receives the first resource reserving response signals and
t he second resource reserving response signals transmtted
fromthe plurality of radio receiving apparatuses, in which

information indicating a radio resource with which the



plurality of radio receiving apparatuses transmt the first
resource reserving response signals is acquired on the basis
of the second resource reserving response signals.
Advant ageous Effects of Invention
[ 0023]

According to the invention, it is possible to introduce
a new access schenme to a new communi cation systemwhile
al | owi ng coexi stence with a comruni cation apparatus of an
exi sting communi cation system thus making it possible to
greatly inprove user throughput.
Brief Description of Draw ngs
[ 0024]

[Fig. 1] Fig. 1 illustrates an exanple of a
communi cati on system according to the invention.

[Fig. 2] Fig. 2 is a sequence chart illustrating an
exanpl e of communi cation of the invention.

[Fig. 3] Fig. 3 illustrates a configuration exanple of
a frame configuration of a signal of the invention.

[Fig. 4 Fig. 4 illustrates an exanple of a state of
interference of the conmunication system according to the
i nvention.

[Fig. 5] Fig. 5 illustrates a configuration exanple of
a frame configuration of a signal of the invention.

[Fig. 6] Fig. 6 illustrates an exanple of a state of

communi cati on of the invention.



[Fig. 7] Fig. 7 illustrates an exanple of a state of
conmuni cation of the invention.

[Fig. 8] Fig. 8 is a schematic bl ock di agram
illustrating a configuration exanple of a radio transm ssion
appar atus according to the invention.

[Fig. 9] Fig. 9 illustrates a configuration exanple of
a frame configuration of a signal of the invention.

[Fig. 10] Fig. 10 is a flowchart illustrating an
exanpl e of a comrunication nethod of a radio transm ssion
apparatus according to the invention.

[Fig. 11] Fig. 11 is a schematic bl ock di agram
illustrating a configuration exanple of a radio receiving
apparatus according to the invention.

[Fig. 12] Fig. 12 is a flowhart illustrating an
exanpl e of a comunication nethod of the radi o receiving
appar atus according to the invention.

Description of Enbodi nents
[ 0025]
[1. First enbodi nment]

A conmuni cation systemin the present enbodi nent
i ncludes a radi o transm ssion apparatus (access point (AP))
and a plurality of radio receiving apparatuses (stations
(STAs)). A network conposed of the AP and the STAs is
call ed a basic service set (BSS).

[ 0026]



The AP and the STAs in the BSS perform conmunication on
the basis of CSMW CA (Carrier sense multiple access with
collision avoidance). Though the present enbodinent is
intended for an infrastructure node in which the AP perforns
communi cation with a plurality of STAs, a nmethod of the
present enbodi nent may be carried out also in an ad hoc node
in which STAs directly perform communi cation with each other.
[ 0027]

In an | EEE802. 11 system apparatuses are able to
transmt transm ssion frames of a plurality of franme types
having a common franme format. The transm ssion franes are
defined by a physical (PHY) layer, a medium access contr ol
(MAC) layer, and a logical link control (LLC) |ayer.

[ 0028]

The transm ssion frame of the PHY layer is called a
physi cal protocol data unit (PHY protocol data unit: PPDU).
The PPDU is constituted by a physical |ayer header (PHY
header) including, for exanple, header information for
perform ng signal processing in the physical |ayer, a
physi cal service data unit (PHY service data unit: PSDU)
that is a data unit processed in the physical |ayer, and the
like. The PSDU is able to be constituted by an aggregated
MPDU (A-MPDU) in which a plurality of MAC protocol data
units (MPDUs) each of which serves as a retransm ssion unit

in a radio section are aggregated.



[ 0029]

The PHY header includes reference signals of, for
exanple, a short training field (STF) used for signa
detection, synchronization, and the |ike and a | ong training
field (LTF) used for acquiring channel information for data
denodul ati on, and control signals such as signals (SIGs) in
whi ch control information for data denodul ation is included.
The STF is classified in accordance with a correspondi ng
standard into a | egacy-STF (L-STF), a high throughput-STF
(HT-STF), a very high throughput-STF (VHT-STF), and the |iKke,
and the LTF or the SIGis also classified simlarly into an
L-LTF, an HT-LTF, a VHT-LTF, an L-SIG an HI-SIG and a VHT-
SIG The VHT-SIGis further classified into a VHI-SI G A and
a VHT-SI G B.

[ 0030]

The PPDU i s nodul ated in accordance with a
correspondi ng standard. For exanple, in the case of an
| EEE802. 11n standard, the PPDU is nodul ated to an orthogonal
frequency division nultiplexing (OFDM si gnal
[ 0031]

The MPDU is constituted by a MAC | ayer header (MAC
header) in which, for exanple, header information for
perform ng signal processing in the MAC | ayer is included, a
MAC service data unit (MSDU) or a frame body that is a data

unit processed in the MAC | ayer, and a frame check sequence



(FCS) for checking whether or not there is an error in a
frame. A plurality of MSDUs are al so able to be aggregated
as an aggregated MsSDU ( A- MsDU)
[ 0032]

The frame type of the transm ssion frame of the MAC
| ayer is roughly classified into three data franes of a
managenent frame in which, for exanple, a connection state
bet ween apparatuses is managed, a control franme in which a
communi cati on state between apparatuses is nmanaged, and a
data franme including actual transm ssion data, and each of
the frames is further classified into a plurality of kinds
of sub-franme types. The control frane includes a reception
conpl etion notification (Acknow edge: ACK) frame, a
transm ssion request (Request to send: RTS) frane, a
reception preparation conpletion (Cear to send: CTS) frane,
and the |like. The managenent frane includes a beacon frane,
a probe request frane, a probe response frane, an
aut hentication frame, a connection request (association
request) frame, a connection response (association response)
frame, and the like. The data frane includes a data frane,
a polling (CF-poll) franme, and the like. Each apparatus is
able to grasp a frane type and a sub-franme type of a
received frame by reading content of a frane control field
included in a MAC header.
[ 0033]



The beacon frane includes an interval (Beacon interval)
in which beacon is transmtted and a field in which
information (Service set identifier (SSID) or the like) for
identifying an AP is described. The AP is able to
periodi cally broadcast a beacon frame into a BSS and an STA
is able to grasp the AP around the STA by receiving the
beacon frane. Gasping of the AP by the STA based on a
signal that is broadcasted fromthe AP is referred to as
passi ve scanning. On the other hand, probing of the AP by
broadcasting a probe request frame into the BSS by the STA
is referred to as active scanning. The AP is able to
transmt a probe response frame as a response to the probe
request frame and description content of the probe response
frame is equivalent to that of the beacon frane.

[ 0034]

The STA recogni zes the AP and then perforns connection
processing for the AP. The connection processing is
classified into an authenticati on procedure and a connection
(associ ation) procedure. The STA transnmits an
aut hentication frame to the AP that desires connection.

Upon reception of the authentication frame, the AP transmts,
to the STA, an authentication frame including a status code

i ndi cating, for exanple, whether or not to authenticate the
STA. By reading the status code described in the

authentication frame, the STA is able to determ ne whet her



or not authentication for the STAis allowed by the AP.
Note that, the AP and the STA are able to exchange an
authentication frame a plurality of tines.
[ 0035]

Subsequently to the authentication procedure, the STA
transmts a connection request frane to the AP to perform
t he connection procedure. Upon reception of the connection
request frame, the AP determ nes whether or not to allow
connection of the STA and transmts a connection response
frame to notify whether or not to allow the connection. 1In
addition to the status code indicating whether or not
connection processing is allowed, an association
i dentification nunber (Association identifier: AD) for
identifying the STA is described in the connection response
frame. The AP is able to manage a plurality of STAs by
setting different AIDs to the STAs that have been allowed to
make connecti on.
[ 0036]

After the connection processing is perforned, the AP
and the STA perform actual data transm ssion. |In the
| EEE802. 11 system a distributed coordination function (DCF),
a point coordination function (PCF), and an extended
function thereof (such as a hybrid coordination function:
HCF) are defined. Description will be given bel ow by taking

a case where the AP transmits a signal to the STA by the DCF



as an exanpl e.
[ 0037]

In the DCF, prior to communication, the AP and the STA
performcarrier sense (CS) for checking a usage state of a
radi o channel around the AP and the STA. For exanple, in a
case where the AP serving as a transm ssion station receives,
by the radi o channel, a signal having a | evel higher than a
cl ear channel assessnent |evel (CCA level) that is defined
i n advance, the AP postpones transm ssion of a transm ssion
frame by the radi o channel to start a reception operation.
Hereinafter, in the radio channel, a state in which a signal
having a | evel equal to or greater than the CCA level is
detected is referred to as a busy state and a state in which
a signal having a level equal to or greater than the CCA
level is not detected is referred to as an idle state. The
CS performed by each apparatus on the basis of power of an
actually received signal in this manner is called physical
carrier sense (physical CS). Note that, the CCA |level is
also referred to as a carrier sense level (CS level) or a
CCA threshold (CCAT). Note that, when detecting a signal
having a | evel equal to or greater than the CCA | evel, the
AP and the STA start an operation of denodul ating at |east a
signal of the PHY | ayer.

[ 0038]

The AP perforns carrier sense during a frame interval



(I'nter frane space: |IFS) according to a type of the

transm ssion frame to be transmtted and determnm nes whet her
the radio channel is in the busy state or the idle state. A
time period in which the AP perforns the carrier sense
varies in accordance with a franme type and a sub-franme type
of the transm ssion frane to be transmitted by the AP. In
the | EEE802. 11 system a plurality of IFSs having different
time periods are defined, and there are a short frane
interval (Short IFS: SIFS) used for a transmssion franme to
whi ch highest priority is given, a polling frane interval
(PCF IFS: PIFS) used for a transm ssion frane having
relatively high priority, a distributed control frane
interval (DCF IFS: DIFS) used for a transm ssion frame
having | owest priority, and the |like. Wen the AP transmts
a data franme by the DCF, the AP uses the DI FS.

[ 0039]

The AP waits for the DIFS and then further waits for a
random back-off tinme for preventing frame collision. The
random back-off tine called contention w ndow (CW is used
in the | EEE802. 11 system In the CSMAVCA, it is prem sed
that a transm ssion frane transmtted by a certain
transm ssion station is received by a reception station in a
state where there is no interference fromother transm ssion
stations. Therefore, when transm ssion franmes are

transmtted by transm ssion stations at the sanme timng, the



frames collide with each other so that the reception station
is not able to receive the transm ssion frames correctly.
Thus, when each of the transm ssion stations waits for a
time that is set randomy before starting the transm ssion,
the frame collision is prevented. Wen determ ning that the
radio channel is in the idle state by the carrier sense, the
AP starts countdown of the CW acquires a transm ssion right
only when the CWindicates 0, and is allowed to transmt a
data frame to the STA. Note that, in a case where the AP
determ nes that the radio channel is in the busy state by
the carrier sense during countdown of the CW the AP stops
countdown of the CW |In a case where the radio channel is
brought into the idle state, the AP restarts countdown of
the remai ni ng CW subsequently to the previous |FS.

[ 0040]

The STA serving as a reception station receives a
transm ssion frame, reads a PHY header of the transm ssion
frame, and denodul ates the received transm ssion frane. By
readi ng a MAC header of a denodul ated signal, the STAis
able to recogni ze whether or not the transm ssion frame is
addressed to the STA. Note that, the STAis also able to
determ ne an address of the transm ssion frame on the basis
of information (for exanple, a group identification nunber
(Goup identifier: Goup ID) described in the VHT-SI G A)
descri bed in the PHY header.



[ 0041]

When the STA determnes that the received transm ssion
frame is addressed to the STA and the transm ssion frane is
denodul ated without error, the STA needs to transmt, to the
AP serving as the transm ssion station, an ACK franme
indicating that the frame is able to be received correctly.
The ACK frame is one of transm ssion franes that are
transmtted only by waiting for the tinme period of the SIFS
(wi thout taking the random back-off tine) and that have
hi ghest priority. Upon reception of the ACK frane
transmtted fromthe STA, the AP ends a series of
conmuni cation. Note that, when the STA is not able to
receive the frame correctly, the STA does not transmt the
ACK. Thus, when the AP has not received the ACK franme from
the reception station for a fixed time period (length of
SIFS + ACK frane) after the frane transmssion, it is
consi dered that conmunication has failed and the
communi cation ends. In this manner, the end of one
comuni cation (also referred to as burst) of the | EEE802. 11
systemis always determ ned on the basis of whether or not
the ACK frame is received except for special cases such as a
case where a broadcast signal such as a beacon frane is
transmtted and a case where fragnentation for fragnment of
transm ssion data is used.

[ 0042]



When determ ning that the received transm ssion frane
is not addressed to the STA, the STA sets a network
al l ocation vector (NAV) on the basis of a length of the
transm ssion frame described in the PHY header or the like.
The STA does not attenpt to perform comuni cation during a
time period that is set to the NAV. That is, since the STA
performs, during the tinme period that is set to the NAV, the
sanme operation as the operation perforned when it is
determ ned that the radio channel is in the busy state by
t he physical CS, conmunication control by the NAV is al so
called virtual carrier sense (virtual CS). The NAV is set
not only on the basis of information described in the PHY
header, but also by a transm ssion request (Request to send:
RTS) frame or a reception preparation conpletion (Clear to
send: CTS) frane that is introduced to solve a hidden node
problem The frame of the MAC | ayer of the RTS frane or the
CTS frane includes a receiver address field indicating an
address of the frame and a duration field indicating a tine
period of the NAV. A term nal apparatus that transmts the
RTS franme or the CIS frane is able to describe, in the
duration field, a time period during which a radi o resource
is to be occupied. The term nal apparatus that has received
the RTS frame sets the NAV by a | ength described in the
duration filed in a case where the RTS frame is not

addressed to the termnal apparatus. On the other hand, in



a case where the RTS frane is addressed to the term na
apparatus, when the SIFS has | apsed after the RTS frame has
been received, the term nal apparatus that has transmtted
the RTS frane uses a value of the duration field described
in the RTS frame to estimate a tinme period during which the
radio resource is occupied and transmts a CTS franme in
which the value is witten in the duration field.
[ 0043]

Wi |l e each apparatus perforns carrier sense to
aut ononmously acquire a transm ssion right in the DCF, a
control station called a point coordinator (PC) controls a
transm ssion right of each apparatus in the BSS in the PCF
The AP generally serves as the PC and acquires a
transm ssion right of the STA in the BSS.
[ 0044]

A comuni cation period by the PCF includes a contention
free period (CFP) and a contention period (CP).
Communi cation is perfornmed on the basis of the DCF descri bed
above during the CP and the PC controls the transm ssion
right during the CFP. The AP serving as the PC broadcasts a
beacon frame, in which a tine period of the CFP (CFP Max
duration) or the like is described, into the BSS prior to
comuni cation by the PCF. The PIFS is used to transmt the
beacon frame that is broadcasted when transm ssion of the

PCF starts and the beacon frane is transmtted w t hout



waiting for the CW The STA having received the beacon
frame sets the tine period of the CFP described in the
beacon frame to the NAV. After that, until the NAV has

| apsed or a signal (for exanple, a data frame including CF-
end) by which end of the CFP is broadcasted into the BSS is
received, the STAis able to acquire the transm ssion right
only when the STA receives a signal (for exanple, a data
frame including CF-poll) that is transmtted by the PC and
signals acquisition of the transm ssion right. Note that,
since collision of packets in the sane BSS does not occur
during the time period of the CFP, each STA does not require
t he random back-off tinme used in the DCF

[ 0045]

The AP and the STA included in the comuni cati on system
according to the present enbodi ment has the functions of
performng a series of conmunication based on the CSMA CA
descri bed above, but does not need to al ways have all the
functions.

[ 0046]

Fig. 1 is a schematic view illustrating an exanple of
downl i nk of the conmuni cation system according to the first
enbodi nrent of the invention. |In the comunication system of
Fig. 1, there is an AP 1 and a reference sign la denotes a
range (coverage range, Basic service set (BSS)) that is able

to be managed by the AP 1. In the BSS la, there are STAs 2-



1 to 2-4 connected to the AP 1 and STAs 3-1 to 3-4 that are
exi sting term nal apparatuses (conventional term nal
appar at uses, |egacy term nal apparatuses). Hereinafter, the
STAs 2-1to 2-4 are sinply referred to also as STA 2s or
first radio receiving apparatuses. Simlarly, the STAs 3-1
to 3-4 are sinply referred to also as STAs 3 or second radio
recei ving apparatuses. Conpatible standards of the AP 1,
the STAs 2, and the STAs 3 are different from each other.
For exanple, the AP 1 and the STAs 2 are apparatuses to
which the invention is able to be applied and the STAs 3 are
apparatuses to which the invention is not applied. Note
that, the STAs 3 do not need to be always connected to the
AP 1 and may be connected to another AP. Another BSS
(Overl apping BSS: OBSS) using at least a part of frequencies
used by the BSS la may exi st around the BSS la.
[ 0047]

The AP 1, the STAs 2, and the STAs 3 perform
communi cation on the basis of the CSMN CA. Though the
present enbodinent is intended for an infrastructure node in
whi ch each of the STAs 2 and the STAs 3 perforns
comuni cation with the AP 1, a nmethod of the present
enbodi nent may be carried out also in an ad hoc node in
whi ch STAs directly perform conmuni cati on with each ot her.
[ 0048]

Fig. 2 is a sequence chart illustrating a state of



communi cation of the BSS la according to the present

enbodi ment. In the present enbodinent, the AP 1 perforns
mul ti-user transm ssion in which packets to the STAs 2-1 to
2-4 are transmtted simultaneously to the respective STAs 2.
Description wll be given bel ow by assum ng that the nulti-
user transm ssion is orthogonal frequency division nultiple
access (OFDMA). Note that, the AP 1 nay realize the multi-
user transm ssion by space division nultiple access (SDVA)
using a plurality of space resources.

[ 0049]

In the BSS 1la, it is assunmed that at |east four
frequency channels (ch) are able to be used and each of them
has a band of 20 MHz. It is assuned that the AP 1 perforns
the OFDMA transm ssion by using the four channels. Note
that, the AP 1 is also able to performthe OFDVA
transm ssion by further dividing a channel of 20 MHz into a
plurality of sub-channels and regarding the sub-channels as
a plurality of frequency channels. Note that, the nunber of
channel s or sub-channels used for the AP 1 to performthe
OFDVA transm ssion is not limted to four and any nunber of
channel s may be used. The frequency channels used for the
AP 1 to performthe OFDMA transm ssion do not need to be
al ways consecuti ve.

[ 0050]

First, the AP 1 perforns carrier sense for the four



channel s used for the OFDVA transm ssion and confirns that
each of the channels is idle (step S201). Note that, the AP
1 may performcarrier sense for all the frequency channels
that are able to be used and carry out the invention

descri bed bel ow by using channels that are able to be
determined to be idle as a result of the carrier sense.
Description wll be given bel ow by assum ng that the four
channels are a 1 ch, a 2 ch, a 3 ch, and a 4 ch

[ 0051]

Next, the AP 1 transmts a resource reserving signal to
signal, to a termnal apparatus around the AP 1, that the
four channels are to be used, that is, the four channels are
reserved for a fixed tine period (step S202). Hereinafter,
the AP 1 applies, as the resource reserving signal, an RTS
frame prescribed by the | EEE802. 11 st andard.

[ 0052]

Fig. 3 illustrates a frane configuration of an RTS
frame according to the present enbodi nent. Both the PHY
| ayer and the MAC | ayer have the same frame configuration as
the frame configuration prescribed by the | EEES02. 11
standard. In the MAC | ayer, the RTS frane includes frane
control, duration, a receiver address (RA), a transmtter
address (TA), and an FCS field. 1n a conventional RTS frane,
the AP 1 describes, in the RA address information (for

exanpl e, MAC address) of a term nal apparatus as a



transm ssion destination of the RTS frane. In the present
enbodi ment, the AP 1 describes, in the RA not address
information of a term nal apparatus as a transm ssion
destination but certain specific address information.

[ 0053]

For exanple, the AP 1 is able to performtransm ssion
by describing, inthe RAfield, information that is the sane
as a transmtter address, that is, address information (MAC
address) of the AP 1. The RTS frane generated in this
manner is transmtted by the AP 1, and when the STAs 3-1 to
3-4 in the BSS l1a receive the RTS frane, the STAs 3-1 to 3-4
recogni ze that the RTS frame is addressed to anot her
apparatus and hence set the NAV. On the other hand, by
grasping in advance that the RA and the TA are the sane in
an RTS frane transmtted before the OFDVA transni ssion by
the AP 1, the STAs 2-1 to 2-4 are able to recogni ze that the
RTS frane is an RTS frane addressed to the STAs 2-1 to 2-4.
The AP 1 is also able to describe a specific address, such
as a broadcast address, in the RA of the RTS frane.

[ 0054]

The AP 1 is also able to describe information other
than address information in the RA. For exanple, the AP 1
is able to describe, in the RA information indicating a
conbi nation of STAs participating in the OFDVA transm ssion.

As the information indicating a conbination of STAs, for



exanpl e, group identification nunber (G oup identifier:
group ID) information used in | EEE802. 11ac is able to be
descri bed.

[ 0055]

The AP and the STAs in the BSS are able to share in
advance a table in which a plurality of conbinations (STA
groups) of STAs are described. The group IDis allocated to
each of the STA groups described in the table. Wen a group
IDis signaled by the AP, each of the STAs is able to grasp
whet her or not each of the STAs is included in the STA
groups.

[ 0056]

When the AP 1 according to the present enbodi nent
describes a certain group IDin an RA of an RTS franme, the
STAs 2-1 to 2-4 are able to recognize the RTS franme in which
the group IDin which the STAs 2-1 to 2-4 are included is
described in the RA as an RTS frane addressed to the STAs 2-
1to 2-4. On the other hand, the STAs 3-1 to 3-4 recogni ze
the RTS frame as an RTS frame addressed to anot her apparatus
and hence set the NAV. Note that, when a length of the
group IDis shorter than a length (6 octets in the
| EEE802. 11 standard) of the RAfield, the AP 1 is able to
adjust a length of information described in the RA by addi ng
appropriate information (for exanple, all 0) after the group

ID. In this case, each of the STAs 2 is able to read



information of the RAfield by a length of information

deci ded i n advance between the STA 2 and the AP 1. Note
that, when the AP 1 describes the group IDin the RA of the
RTS franme, content of the RA may be matched with a MAC
address of each of the STAs 3. In this case, the AP 1 is
able to change informati on added after the group ID

[ 0057]

The AP 1 is also able to apply scranbling processing to
the information described in the RA field. For exanple, the
AP 1 and the STAs 2 are able to share a random code in
advance. It may be configured such that the AP 1 nultiplies
(or takes an exclusive OR) the random code by information
described in the RA field so that only the STAs 2 are able
to read the information of the RA field.

[ 0058]

As described above, it is considered that there are a
plurality of methods of transmtting an RTS frame by the AP
1. Hereinafter, in a case where an RTS frane transmtted by
the AP 1 is able to be recognized by the STAs 3-1 to 3-4 as
an RTS frane addressed to another apparatus and is able to
be recogni zed by at | east one of the STAs 2-1 to 2-4
participating in OFDVA transm ssion as an RTS frane
addressed to the at |east one of the STAs 2-1 to 2-4, the
RTS frame is called a first RTS frame (a first resource

reserving signal or sinply a resource reserving signal).



Description wll be given bel ow by assum ng that the AP 1
transmts the first RTS frane to the STAs 2-1 to 2-4.
[ 0059]

The AP 1 is able to transmt the first RTS frane to
channel s used for the OFDVA transm ssion. For exanple, the
AP 1 may transmt the RTS frame with a bandw dth of 20 MHz
to each of the 1 ch to 4 ch. Wen the AP 1 perforns the
OFDVA transm ssion by using a sub-channel, the AP 1 may
transmt the first RTS frane by a bandw dth of the sub-
channel or transmt the first RTS frane to a channel to
whi ch the sub-channel bel ongs.

[ 0060]

The STAs 3-1 to 3-4 set the NAV to an address of the
reception station as descri bed above to receive an RTS frane
in which address information of the STAs 3-1 to 3-4 is not
descri bed.

[ 0061]

On the other hand, the STAs 2-1 to 2-4 participating in
the OFDMA transm ssion recognize the first RTS frane
transmtted by the AP 1 as an RTS frane addressed to the
STAs 2-1 to 2-4, and hence determ ne whether the channels of
the 1 ch to 4 ch on which the RTS frane has been received
are idle or busy. Basically, at a time when the first RTS
frame has been received, the STAs 2 are able to determ ne

that the channels on which the first RTS frane has been



received are idle, but do not need to al ways determ ne that
the channels are idle and may determ ne that the channels
are busy in accordance with reception quality or the I|ike.
[ 0062]

Note that, each of the STAs 2 do not need to al ways
performa reception operation for all the channels on which
the AP 1 has transmtted the first RTS frame. |In accordance
wi th performance of the STA 2, a state of the past traffic
anmount of the BSS la, power consunption of the STA 2, or the
like, the STA 2 may change a channel for perform ng a
reception operation. The STA 2 may not determ ne whet her
all the channels on which the RTS frane has been received
are idle. For exanple, when the STA 2-1 perfornms the
reception operation for the 1 ch and the 2 ch and receives
the first RTS frane on both the channels, the STA 2-1 may
determ ne states of both the channels, or nmay determ ne only
a state of one of the channels and determ ne that the other
channel is al ways busy.

[ 0063]

The AP 1 is also able to transmt the first RTS frane
by including information indicating a channel on which the
AP 1 transmts the first RTS franme. For exanple, when
describing a group IDin an RAfiled of the first RTS frane,
the AP 1 is able to describe information, which indicates a

channel on which the first RTS frane is transmtted, after



the group ID. In this case, the STA 2 is able to perform
the reception operation only for one channel and grasp, from
the received first RTS frane, a channel on which the AP 1
has transmtted the first RTS frame other than the channel

on which the first RTS frane received by the STA 2 has been
transmtted. Thus, the STA 2 is able to grasp all the
channel s on which the AP 1 has transmtted the first RTS
frame, and hence is able to determ ne whether each of the
channels is idle or busy.

[ 0064]

The AP 1 is also able to describe, in the first RTS
frame, information indicating that the AP 1 starts the OFDVA
transm ssion. For exanple, when describing a group IDin
the RA field of the first RTS frame, the AP 1 is able to
describe information (for exanple, flag bit), which
i ndicates that the OFDVA transmission is started, after the
group 1D
[ 0065]

Hereinafter, it is assunmed that the STA 2 perforns a
reception operation for all the channels on which the AP 1
has transmtted the first RTS frame, and the STA 2
determ nes states (idle or busy) of all the channels in
accordance with interference power or the I|ike.

[ 0066]

Fig. 4 illustrates a state of channels of the



comruni cati on system according to the present enbodi nent.
The foll owi ng description will be given by assum ng that the
channel state illustrated in Fig. 4 is provided. In Fig. 4,
the AP 1, the STAs 2, the STAs 3, and the BSS la are simlar
to those of Fig. 1, interference ranges 4-1 to 4-4 indicate
states of interference froma different BSS (Overl appi ng
BSS: OBSS), and an interference range 4-N indicates a range
in which an interference signal reaches in a channel N (N
ch). That is, the STA 2-1 does not observe any interference
fromthe OBSS. The STA 2-2 observes interference fromthe
OBSS on the 2 ch. The STA 2-3 observes interference from
the OBSS on the 2 ch and the 3 ch. The STA 2-4 observes
interference fromthe OBSS on the 1 ch, the 3 ch, and the 4
ch.

[ 0067]

Wth reference back to Fig. 2, each of the STAs 3
having received the first RTS frame sets the NAV on the
basis of description in a duration field of the first RTS
frame (step S203-2). On the other hand, each of the STAs 2
receives the first RTS frame and determ nes whet her the
channel on which the first RTS frane has been received is
idle or busy (step S203-1). Wen determning that a state
of the channel is idle, the STA 2 transnmts a resource
reserving response signal to the channel that is determ ned

to be idle. In the present enbodinent, the STA 2 is able to



apply, as the resource reserving response signal, a CTS
frame prescribed in the | EEE802. 11 standard.
[ 0068]

Fig. S illustrates a frane configuration of a CTS frane
according to the present enbodinent. The franme
configuration is identical to a frame configuration
prescribed in the | EEE802. 11 standard and i ncl udes frane
control, duration, an RA, and an FCS field. In a
conventional CTS frame, the STA 2 copies content of a TA of
a correspondi ng RTS frane and describes the resultant in an
RA. In the CTIS franme according to the present enbodi nent,
simlarly to the conventional CTS frame, content of the TA
of the corresponding RTS frame nmay be copied to describe the
resultant in the RA or a value deci ded between the STA 2 and
the AP 1 in advance may be described. Hereinafter, a CTIS
frame transmtted by each of the STAs 2-1 to 2-4 is referred
to as a first CIS frane (a first resource reserving response
signal, a CTS 1) in the present enbodi nent.

[ 0069]

Al the STAs 2-1 to 2-4 according to the present
enbodi nent transmt the sanme first CIS frames to the AP 1
The sane herein nmeans that the AP 1 is able to recognize
that the first CT franes are the sanme. Thus, in a case
where the AP 1 receives two CTS franes, even if the two CTS

frames have partially different signal waveforns, the two



CTS franes are the same when the AP 1 is able to recognize
that the two CTS franes are the sanme franes. That is, it
may be said that the two CTS franmes include at |east
partially comon information.

[ 0070]

Each of the STAs 2 transmts the first CTS frame in
accordance with the states of the channels (step S204). For
exanple, in the case of the state of Fig. 4, the STA 2-1
transmts the first CIS franme to all the channels of the 1
ch to 4 ch. The STA 2-2 transmits the first CIS franme to
the 1 ch, the 3 ch, and the 4 ch. The STA 2-3 transmts the
first CTIS frame to the 1 ch and the 4 ch. The STA 2-4
transmts the first CTS frane to the 2 ch. Note that, each
of the STAs 2 waits for a predetermned tinme period (for
exanple, SIFS) after reception of the first RTS frane ends
and then transmts the first CTS frame. Thus, the STAs 2-1
to 2-4 sinmultaneously transmt the first CIS franes.

[0071]

Wien each of the STAs 3 that is not able to observe the
resource reserving signal transmtted by the AP 1 but is
able to observe the first CIS frame receives the first CTS
frame, the STA 3 is able to recognize that the first CIS
frame is not addressed to the STA 3, so that the STA 3 is
able to set the NAV (step S203-3). Thus, when the AP 1 and

each of the STAs 2 exchange the first RTS frame and the



first CIS frame, the AP 1 is able to reserve a channel used
for the OFDVA transm ssion.
[0072]

Fig. 6 is a schematic view illustrating an exanple of a
state of transm ssion of the first CIS frames by the STAs 2
and a state of reception of the first CIS franes by the AP 1
according to the present enbodinent. The STA 2 according to
the present enbodinment transmts the first CIS frane
si mul taneously with other STAs 2. Thus, the first CTS
frames transmtted by the STAs 2 are received by the AP 1 in
a conbined state. Thus, the AP 1 is able to determ ne that
a channel on which the first CTS frames have been received
is able to be reserved at least in a part of the BSS la.
Accordingly, the AP 1 according to the present enbodinent is
able to performthe OFDVA transm ssion using the channel.

[ 0073]

However, even when the AP 1 has received the first CTS
frames, the channel is not always reserved in a whole of the
BSS l1la, so that transmi ssion quality is deteriorated when
the AP 1 perfornms the OFDMA transm ssion by using the
channel. In order for the AP 1 to realize highly efficient
OFDMVA transm ssion, the AP 1 needs to accurately recogni ze
to which channel each of the STAs 2 has transmitted the
first CTS frame. Thus, the STA 2 according to the present

enbodi nrent waits for a fixed tine period (for exanple, SIFS)



after transmtting the first CIS frane and then transmts a
second resource reserving response signal (a second CTS
frame, a CTS 2) indicating which channel is used by the STA
2 totransmt the first CTS frame (step S205).

[ 0074]

In order for each of the STAs 2 to transmt the second
CTS franme correctly, the 1 ch to 4 ch having a bandw dth of
20 MHz are able to be further divided into a plurality of
sub-channel s in the comuni cati on system according to the
present enbodinent. The AP 1 is able to allocate the sub-
channel s in advance to the STAs 2-1 to 2-4. By transmtting
t he second CTS frane on the sub-channel allocated to each of
the STAs 2 in the channel on which the STA 2 has transmtted
the first CTS frane, the STA 2 is able to signal, to the AP
1, that the STA 2 has transmtted the first CTS frane on the
channel .

[ 0075]

Fig. 7 is a schematic view illustrating an exanple of a
state of transmi ssion of the second CIS franes by the STAs 2
and a state of reception of the second CTS frames by the AP
1 according to the present enbodinent. In Fig. 7, it is
assuned that each of the 1 ch to 4 ch with 20 MHz is divided
into sub-channels with 5 Mz and each of the sub-channels is
all ocated to the STA 2-1, the STA 2-2, the STA 2-3, and the

STA 2-4 in ascending order of frequency in the comunication



system according to the present enbodinent. As illustrated
in Fig. 7, since the second CTS frames transmtted by the
STAs 2 are transmtted by using frequencies orthogonal

bet ween the STAs 2, even when the STAs 2 transmt the second
CTS franes simultaneously, the AP 1 is able to recognize
whet her or not each of the STAs 2 transmts the second CTS
frame by grasping the sub-channel in which the second CTS
frame is observed. Thus, in a channel to which the sub-
channel on which the second CTS frane is received bel ongs,
the AP 1 is able to recognize that the STA 2 transmtting
the second CTS frame has transmtted the first CIS frane.

[ 0076]

The second CTS frame does not need to be recogni zed by
the STAs 3 serving as | egacy term nal apparatuses, and hence
does not need to always keep conpatibility with an existing
| EEE802. 11 standard, and it is considered that, for exanple,
the CTS frane is transmtted in a node of a bandw dth of a
sub-channel. Since the second CTS frane is only required to
al | ow determ nati on about whether or not the AP 1 has
received the second CTS frane, the STA 2 is only required to
transmt a sinple dumy signal or some kind of reference
signal. Differently fromthe first CTS franme, the second
CTS frane does not need to be always common between the STAs
2.

[0077]



The STA 2 is also able to include, in the second CTS
frame, information indicating a channel on which the STA 2
has transmtted the first CTS frame. For exanple, the STA 2
is able to have a newfield in the second CTS frane so as to
describe, in the field, information indicating a channel on
whi ch the STA 2 has transmitted the first CIS frame. In
this case, the STA 2 does not need to transmt the second
CTS frame fromall the channels on which the STA 2 has
transmtted the first CIS frane. At this time, the AP 1 is
able to signal, to each of the STAs 2 in advance, priority
order of channels on which the second CTS frane is
transmtted or broadcast common priority order to each of
t he STAs 2.

[ 0078]

Note that, even when the comruni cati on system does not
set a sub-channel, the STA 2 is able to transmt the second
CTS frane. In this case, it is premsed that the STAs 2
transmt the second CTS franmes in which at | east parts of
signal franmes are common. First, the AP 1 is able to notify
each of the STAs 2-1 to 2-4 in advance of respectively
specific cyclic shift anpunts in advance. A cyclic shift
anount is desired to be, for exanple, an integral nmultiple
of a cyclic prefix (CP) length inserted in an OFDM si gnal ,
but is not limted to a certain val ue.

[ 0079]



The AP 1 and the STAs 2 are able to decide in advance a
si gnal sequence used for the second CTS frane with each
other. Each of the STAs 2-1 to 2-4 gives a cyclic shift by
a specific cyclic shift anount allocated in advance to the
second CTS frame and then transmts the second CTS franme on
a channel on which the first CIS frame has been transm tted.
The AP 1 applies Discrete Fourier Transform (DFT) to a
signal received by the channel on which the first CTS frane
has been received. The AP 1 applies inverse nodul ati on on
the basis of the signal sequence used for the second CTS
frame and then applies inverse DFT (IDFT) processing. An
output of the IDFT is a channel inpulse response (CIR
between the AP 1 and the STA 2, and the CIR of the STA is
output in a state of being shifted by the cyclic shift
anount that is given by the STA 2 in advance to the specific
signal. Thus, the AP 1 is able to recognize which STA 2 has
transmtted the first CIS frame on the channel on the basis
of the shift anmpbunt of the CIR and the cyclic shift anmount
whi ch is decided in advance.

[ 0080]

I n accordance with the nethod as descri bed above, the
AP 1 is able to recogni ze on which channel each of the STAs
2 has received the first CIS frane on the basis of a signa
received after receiving the first CTIS franme. The AP 1 is

able to recogni ze fromwhich STA 2 the second CTS franme has



been transmtted, and hence is able to estinmate channel
state information (CSI) between the AP 1 and the STA 2 on
the basis of the second CTS franme. Accordingly, the AP 1 is
able to decide a radio resource allocated to each of the
STAs 2 between the AP 1 and the STA 2 on the basis of

i nformation indicating which channel is usable and the CS
between the AP 1 and the STA 2 (step S206). Specifically,
the AP 1 is able to allocate a channel, on which a certain
STA 2 has transmtted the first CIS frane, to the STA 2. A
channel on which a plurality of STAs 2 has transmitted the
first CTS frames is able to be allocated to the STA 2 having
t he best comunication quality anong the plurality of STAs 2.
In addition, the AP 1 is able to allocate a channel to each
of the STAs 2 in accordance with, for exanple, a data
traffic amount to each of the STAs 2 and the AP 1 is also
able to allocate a plurality of channels to one STA 2. Note
that, the STA 2 is also able to describe, in the second CTS
frame, information associated with the CSI between the AP 1
and the STA 2.

[ 0081]

After deciding allocation of the radio resource to each
of the STAs 2, the AP 1 generates an OFDMA signal including
a data signal to each of the STAs 2 and transmts the OFDVA
signal to each of the STAs 2 simultaneously (step S207).

[ 0082]



The STA 2 denodul ates a desired signal by the OFDVA
signal transmtted by the AP 1 (step S208), and when the
denodul ation is able to be perfornmed without error, a
response signal (ACK frame) indicating that the denodul ation
is able to be performed without error to the AP 1 (step
S209). Note that, as to a nethod of transmtting the ACK
frame by the STA 2, any nethod is included in the present
enbodi mrent as long as follow ng a nethod decided in advance
between the AP 1 and the STA 2.

[ 0083]

Note that, in duration fields included in the first RTS
frame and the first CTS frane, the AP 1 or the STA 2 is able
to describe a time period required for the AP 1 and the STA
2 until the reception of the ACK franme descri bed above is
conpleted froma tine point of transm ssion (or a tine point
of reception conpletion) of the first RTS frane and the
first CTS frane.

[ 0084]

The AP 1 according to the present enbodi nent nay
determ ne, w thout receiving the second CTS frane, to which
channel each of the STAs 2 has transmtted the first CTS
frame. For exanple, the AP 1 is able to grasp channel state
informati on between the AP 1 and each of the STAs 2 in
advance by neans of, for exanple, data transm ssion with

each of the STAs 2, which is perfornmed before the OFDVA



transm ssion. O course, the AP 1 needs to perform channel
estimation to denodul ate the first CIS frames received in a
conbined state as illustrated in Fig. 6. O course, a
channel estimation value estimated through the channel
estimation by the AP 1 is obtained wth a channel between
the STA 2 that has transmtted the first CIS and the AP 1
conbi ned. Thus, by conparing channel state information

bet ween the AP 1 and each of the STAs 2, which is grasped in
advance, to the channel estimation value, the AP 1 is able
to individually recognize the STA 2 that has transmtted the
first CTS frame.

[ 0085]

Fig. 8 is a block diagramillustrating an exanple of a
configuration of the AP 1 according to the first enbodi nent
of the invention. As illustrated in Fig. 3, the AP 1
i ncludes a higher layer unit 101, a control unit 102, a
transm ssion unit 103, a reception unit 104, and an antenna
105.

[ 0086]

The higher layer unit 101 perforns processing of a
medi um access control (MAC) layer and the |ike. The higher
| ayer unit 101 generates information for perform ng control
of the transm ssion unit 103 and the reception unit 104 and
outputs the information to the control unit 102. The

control unit 102 controls the higher layer unit 101, the



transm ssion unit 103, and the reception unit 104.
[ 0087]

The transm ssion unit 103 further includes a physica
channel signal generation unit 1031, a frame configuration
unit 1032, a control signal generation unit 1033, and a
radio transm ssion unit 1034. The physical channel signal
generation unit 1031 generates baseband signals to be
transmtted by the AP 1 to the STAs. Each of the signals
generated by the physical channel signal generation unit
1031 includes a TF (training field) used by each of the STAs
for channel estimation and data transmtted by an MSDU ( MAC
service data unit). Note that, an exanple in which the
baseband signals to be transmtted to the STAs 2-1 to 2-4
and the STAs 3-1 to 3-4 are generated is indicated because
the nunber of the STAs is eight in Fig. 1, but the present
enbodi ment is not limted thereto.

[ 0088]

The frame configuration unit 1032 multipl exes a signa
generated by the physical channel signal generation unit
1031 and a signal generated by the control signal generation
unit 1033, and configures a transmi ssion frane of the
baseband signal actually transmtted by the AP 1.

[ 0089]
Fig. 9 is a schematic view illustrating an exanple of a

physi cal |ayer of the transm ssion frane generated by the



frame configuration unit 1032 according to the present
enbodi nent. The transm ssion frame includes reference
signals such as an L-STF, an L-LTF, a VHT-STF, and a VHT-LTF.
The transm ssion franme al so i ncludes control information
such as an L-SIG a VHT-SIGA, and a VHT-SIG B. The
transm ssion frame further includes a data portion. The
configuration of the transm ssion frane generated by the
frame configuration unit 1032 is not limted to Fig. 9 and
may i nclude other control information (for exanple, an HT-
SIG, reference signals (for exanple, an HI-LTF), and the
like. The transm ssion frane generated by the franme
configuration unit 1032 does not need to include all the
signals such as the L-STF and the VHT-SIG A Note that,
since information included in the L-SIG or the L-STF is
information required for the AP 1 or each of the STAs 2 to
denodul ate the data portion, a frane excluding the data
portion will be described bel ow al so as a physical |ayer
header (PHY header).

[ 0090]

The transm ssion frane generated by the frane
configuration unit 1032 is classified into sone frane types.
For exanple, the franme configuration unit 1032 is able to
generate three frame types of transm ssion frames of a
managenent frame in which, for exanple, a connection state

bet ween apparatuses is managed, a control frame in which a



conmmuni cati on state between apparatuses is nmanaged, and a
data franme including actual transm ssion data. The franme
configuration unit 1032 is able to include information
indicating a frane type to which the transm ssion frame to
be generated belongs in a nmedium access control |ayer header
(MAC header) transmitted in the data portion.

[ 0091]

The radio transm ssion unit 1034 perfornms processing of
converting the baseband signals generated by the frane
configuration unit 1032 into radio frequency (RF) band
signals. The processing perforned by the radio transm ssion
unit 1034 includes digital/anal og conversion, filtering,
frequency conversion fromthe baseband to the RF band, and
the Iike.

[ 0092]

The antenna 105 transmts signals generated by the
transm ssion unit 103 to the STAs.
[ 0093]

The AP 1 also has a function of receiving signals
transmtted fromthe STAs. The antenna 105 receives the
signals transmtted fromthe STAs and outputs the signals to
the reception unit 104.

[ 0094]
The reception unit 104 includes a physical channe

si gnal denodul ation unit 1041 and a radi o reception unit



1042. The radio reception unit 1042 converts RF band

signals input fromthe antenna 105 to baseband signals. The
processing perfornmed by the radio reception unit 1042

i ncl udes frequency conversion fromthe RF band to the
baseband, filtering, analog/digital conversion, and the I|iKke.
The processing perforned by the reception unit 104 may
include a function (carrier sense) of nmeasuring peripheral
interference in a specific frequency band to secure the
frequency band.

[ 0095]

The physi cal channel signal denodul ation unit 1041
denodul ates the baseband signals output by the radio
reception unit 1042. The signals denodul ated by the
physi cal channel signal denodul ation unit 1041 are signals
transmtted in uplink by the STAs 2 and the STAs 3, and have
a frame configuration simlar to that of the data franme
generated by the frame configuration unit 1032. Thus, the
physi cal channel signal denodul ation unit 1041 is able to
denodul ate the uplink data by the data channel on the basis
of control information transmtted by the control channel of
the data frane. Further, the physical channel signal
denodul ation unit 1041 may include a carrier sense function.
Note that, the reception unit 104 may input signal power in
the frequency band to the higher layer unit 101 via the

control unit 102 and the higher |layer unit 101 may perform



processi ng associated with carrier sense.
[ 0096]

Fig. 10 is a flowhart illustrating a flow of signal
processing of the AP 1 according to the present enbodi nent.
An operation of the AP 1 will be described below with
reference to Figs. 8 and 10.

[ 0097]

In the AP 1, when the higher layer unit 101 determ nes
to perform OFDVA transm ssion for the STAs 2-1 to 2-4, the
reception unit 104 firstly perforns carrier sense for a
channel that is able to be used for the OFDVA transm ssion
(step S1001). The receptionlunit 104 notifies the higher
| ayer unit 101 of information obtained through the carrier
sense. For exanple, the reception unit 104 determ nes
whet her each channel is idle or busy and perforns
notification to the higher |ayer unit 101.

[ 0098]

The higher layer unit 101 then deci des, on the basis of
the information notified fromthe reception unit 104, a
channel on which the first RTS frane is transmtted and
perfornms notification to the transm ssion unit 103 (step
$S1002) .

[ 0099]
Next, the transm ssion unit 103 generates a first RTS

frame in accordance with the notification fromthe higher



| ayer unit 101 (step S1003). For exanple, the physical
channel signal generation unit 101 generates a baseband
signal of the first RTS frame. Then, the control signal
generation unit 1033 generates a control signal required for
the STAs 2 and the STAs 3 to denodul ate the first RTS frane.
The frame configuration unit 1032 generates a signal frane,
for exanple, as illustrated in Fig. 9 on the basis of the
signal s generated by the physical channel signal generation
unit 1031 and the control signal generation unit 1033.

[ 0100]

Next, the transm ssion unit 103 transmts, via the
antenna 105, the first RTS frame that is generated (step
S1004) .

[0101]

A resource reserving signal transmtted by the AP 1 nay
be a signal indicating a contention free period (CFP)

Normal |y, the CFP is broadcasted into the BSS la by the AP 1
with a beacon signal or the like. 1In the present enbodi nent,
however, the resource reserving signal nmakes it possible to
notify start of the CFP to the STAs 3 and also notify that
OFDVA transmission is started in the CFP to the STAs 2.

[0102]

Next, after the transm ssion unit 104 has transmtted
the first RTS frane and further a fixed waiting period has

| apsed, the reception unit 104 starts a reception operation



of the first CTS frane transmtted fromeach of the STAs 2
(step S1005). The fixed waiting period refers to, for
exanple, waiting for the SIFS after transm ssion of the
first RTS frame is conpleted. The reception unit 104 may
start the reception operation for at |east one channel of
t he channels on which the transm ssion unit 104 has
transmtted the first RTS frane.

[0103]

Next, the reception unit 104 starts a reception
operation of a second CTS frame for at |east one of channels
on which the first CTS frane has been received (step S1006).
The reception unit 104 then notifies the higher |ayer unit
101 of information about the first CTS frane and the second
CTS frane. Note that, as described above, the AP 1 may not
receive the second CTS frane.

[ 0104]

Subsequently, on the basis of the information notified
fromthe reception unit 104, the higher layer unit 101
decides the STAs 2 that participate in the OFDVA
transm ssion and a radi o resource allocated to each of the
STAs 2, and perforns notification to the transm ssion unit
103 (step S1007).

[ 0105]
Next, the transm ssion unit 103 generates an OFDVA

signal on the basis of the information notified fromthe



hi gher |ayer unit 101 and transmts the OFDVA signal via the
antenna 105 (step S1008).
[ 0106]

Note that, the reception unit 104 al so has a function
of receiving an ACK frane transmtted by each of the STAs 2
participating in the OFDVA transm ssion after the
transm ssion unit 103 transmts the OFDVA signal. In a
simlar manner to multi-user multiple-input multiple-output
(MJM M) transm ssion of | EEE802. 11ac, the STA 2 according
to the present enbodinent is able to transmt the ACK frane
on the basis of an ACK frane request signal transmtted by
the AP 1. The STAs 2 are able to sinultaneously transmt
ACK frames on a channel allocated at the time of the OFDVA
transm ssion, that is, transmt ACK franes by the OFDVA
transm ssion of uplink. In this case, after waiting for the
SIFS after the reception of the OFDVA signal is conpleted,
each of the STAs 2 transmts the ACK frane. By receiving
the ACK franme transmtted fromthe STA 2 with the nethod as
descri bed above, the reception unit 104 is able to determ ne
whet her or not data transmssion is able to be perforned
correctly for the STA 2.
[ 0107]

Note that, the AP 1 according to the present enbodi nent
starts a reception operation after transmtting the first

RTS frane. In a case where the AP 1 has not received the



first CTS frame fromthe STAs 2 for a fixed tinme period
after the AP 1 has started the reception operation, the AP 1
may end the operation.

[ 0108]

In a case where anobunts of data addressed to the STAs
that are caused to participate in the OFDVA transm ssion by
the AP 1 are different fromeach other, OFDVA signals to a
part of the STAs 2 may end before OFDMVA signals to the other
STAs 2. In this case, the AP 1 may transmt a frane
signaling that the NAV set by the first RTS frane and the
first CIS frame may be cleared to rel ease the channel, on
whi ch the OFDMA signal transmi ssion ends earlier, to other
STAs 2 and STAs 3 in the BSS 1la.

[ 0109]

Fig. 11 is a block diagramillustrating a configuration
exanple of the STA 2 according to the present enbodi nent.

As illustrated in Fig. 11, the STA 2 includes a higher |ayer
unit 201, a control unit 202, a transm ssion unit 203, a
reception unit 204, and an antenna 205.

[0110]

The higher layer unit 201 perforns processing of a MAC
| ayer and the |like. The higher layer unit 201 generates
information for performng control of the transm ssion unit
203 and the reception unit 204 and outputs the information

to the control unit 202.



[0111]

The antenna 205 receives a signhal transmtted by the AP
1 and outputs the signal to the reception unit 204.

[0112]

The reception unit 204 includes a physical channe
si gnal denodul ation unit 2041, a control information
monitoring unit 2042, and a radio reception unit 2043. The
radio reception unit 2043 converts an RF band signal input
fromthe antenna 205 into a baseband signal. The processing
performed by the radio reception unit 2043 includes
frequency conversion fromthe RF band to the baseband,
filtering, anal og/digital conversion, and the liKke.

[0113]

The control information nonitoring unit 2042 reads
i nformation described in a PHY header (for exanple, an L-SIG
or a VHT-SIGA) of a transmssion franme transmtted by the
AP 1 fromthe baseband signal output by the radio reception
unit 2043 and inputs the information to the physical channel
si gnal denodul ation unit 2041.

[0114]

On the basis of the control information acquired by the
control information nonitoring unit 2042, the physical
channel signal denodul ation unit 2041 denodul ates the
transm ssion frame transmtted by the AP 1, and inputs a

denodul ation result to the higher |layer unit 201 via the



control unit 202.
[0115]

The higher layer unit 201 interprets data, which is
denodul at ed by the physical channel signal denodul ation unit
2041, in a MAC |l ayer, an LLC (Logical Link Control) I|ayer,
and a transport layer. As processing in the MAC | ayer of
t he higher layer unit 201, various information is able to be
acquired fromthe transm ssion frame transmtted by the AP 1.
For exanpl e, when the higher layer unit 201 interprets that
the transm ssion franme transmtted by the AP 1 is a beacon
frame, it is possible to acquire, for exanple, information
indicating a function (capability) of the AP 1 described in
t he beacon frane.

[0116]

The processing perforned by the reception unit 204 may
include a function (carrier sense) of nmeasuring peripheral
interference in a specific frequency band to secure the
frequency band.

[0117]

The STA 2 also has a function of transmtting a signal.
The antenna 205 transnmits an RF band signal generated by the
transm ssion unit 203 to the AP 1.

[0118]
The transm ssion unit 203 includes a physical channe

signal generation unit 2031, a control signal generation



unit 2033, a frane configuration unit 2032, and a radio
transm ssion unit 2034. The physical channel signal
generation unit 2031 generates a baseband signal to be
transmtted by the STA 2 to the AP 1. The control signal
generation unit 2033 generates a control signal used for the
AP 1 to denpdul ate the signal generated by the physical
channel signal generation unit 2031. The frane
configuration unit 2032 generates a signal frame, for
exanple, as illustrated in Fig. 9 on the basis of the
signal s generated by the physical channel signal generation
unit 2031 and the control signal generation unit 2032.
[0119]

The radi o transm ssion unit 2034 converts the baseband
signal generated by the frame configuration unit 2032 into
an RF band signal. The processing performed by the radio
transm ssion unit 2034 includes digital/anal og conversion,
filtering, frequency conversion fromthe baseband to the RF
band, and the I|ike.

[ 0120]

Fig. 12 is a flowhart for explaining signal processing
of the STA 2 according to the present enbodi nent. An
operation of the STA 2 will be described below wth
reference to Figs. 11 and 12.

[0121]

First, when having received an RTS frane transmtted by



the AP 1, the reception unit 204 notifies the higher |ayer
unit 201 of a denodul ation result thereof (step S1201). The
hi gher | ayer unit 201 determ nes whether the RTS franme is a
first RTS frame or an existing RTS frame (step S1102).
[0122]

When the RTS frame is not the first RTS frane (step
S1202/ N), the STA 2 perforns an operation simlar to that of
the existing | EEE802. 11 standard (step S1211, description
thereof will be omtted). On the other hand, when the RTS
frame is the first RTS frame (step S1202/Y), the higher
| ayer unit 201 is able to recognize that the AP 1 connected
to the STA 2 is to perform OFDVA transm ssion that may
i nclude the STA 2.

[0123]

Next, the higher layer unit 201 determnm nes whet her or
not the first RTS frame is a first RTS frame addressed to
the STA 2 (step S1203). Wen the RTS frane is not the RTS
frame addressed to the STA 2 (step S1203/N), the higher
| ayer unit 201 sets the NAV and stops a transm ssion
operation of the transm ssion unit 203 and a reception
operation of the reception unit 204 (step S1212). On the
ot her hand, when the RTS frane is the RTS frane addressed to
the STA 2 (step S1203/Y), the STA 2 shifts to a transm ssion
operation of a first CTS franme descri bed bel ow.

[ 0124]



Subsequently, the higher layer unit 201 instructs the
reception unit 204 to deternmine a state (idle or busy) of a
channel on which the first RTS frane has been received and
the reception unit 204 determ nes the state of the channel
(step S1204). The higher layer unit 201 may control the
reception unit 204 so as to determne states of all the
channel s on which the first RTS frame has been received or
to determine a state of only a part of the channels.

[ 0125]

Next, on the basis of information notified fromthe
reception unit 204, the higher layer unit 201 deci des a
channel on which the first CTIS frane is transnmtted (step
S1205). Note that, the higher layer unit 201 is able to
determ ne that the channels a state report of which is not
notified fromthe reception unit 204 are all busy. The
hi gher |ayer unit 201 notifies the transm ssion unit 203 of
t he channel on which the first CIS frame is transmtted.
The hi gher layer unit 201 nay control the transm ssion unit
203 to transmt the first CIS frame to all the channels that
are able to be determned to be idle with information from
the reception unit 204 or may control the transm ssion unit
203 to transmt the first CTS frame to a part of the
channel s.

[0126]

Subsequently, the transm ssion unit 203 generates the



first CIS frame in accordance with an instruction fromthe
hi gher | ayer unit 201 and transmts the first CIS frame to
the AP 1 (step S1206). For exanple, the physical channel
signal generation unit 2031 generates a baseband signal of
the first CIS frane. The control signal generation unit
2033 generates a control signal by which the AP 1 is able to
denodul ate the first CTS frane. Then, the frane
configuration unit 2032 generates the first CTS frame and
the radio transm ssion unit 2034 outputs the first CTS frane
to the antenna 105.

[0127]

Further, after transmtting the first CTS frame, the
transm ssion unit 203 transmts a second CTS franme to the
channel on which the first CTS frane has been transmtted
(step S1207). As has been descri bed above, the STA 2 does
not need to always transmt the second CTS frane. The STA 2
does not need to always transmt the second CTS frane to al
t he channels on which the first CTS frane has been
transmtted.

[0128]

Note that, the transm ssion unit 203 is able to wait
for a fixed time period after transmtting the first CTS
frame (for exanple, the transmission unit 203 waits for the
SIFS after transmtting the first CIS franme) and then

transmt the second CTS franme. The franme configuration unit



2032 of the transm ssion unit 203 nmay apply the second CTS
frame after the first CTS frame and configure a signal franme
(hereinafter, referred to as a third CTS frane) as one
signal frane. In this case, in order for the STAs 3 serving
as legacy termnals to recognize the third CIS franme
correctly as a CTS franme, the control signal generation unit
2033 is able to describe, in a duration field of a PHY
header applied to the third CTS frame, a tinme period

obtai ned by subtracting a frame |l ength of the second CTS
frame froma frame length of the third CTS frane.

[0129]

After the transm ssion unit 203 transmts the first CTS
frame and a first instruction frame, the reception unit 204
recei ves an OFDMVA signal transmtted fromthe AP 1 (step
S1208). The AP 1 is able to include radio resource
allocation information for each of the STAs 2 in the OFDVA
signal. The allocation information is considered to be
included in information (for exanple, information of a PHY
header) of a PHY | ayer of the OFDVA signal or included in
information (for exanple, a MAC header header) of a MAC
| ayer, and the signal in which the allocation information is
i ncl uded may be deci ded in advance between the AP 1 and the
STA 2.

[ 0130]

On the basis of the allocation infornmation, the



reception unit 204 denodul ates the signal transmtted from
the AP 1, and notifies the higher layer unit 201 of
information thereof. The higher |ayer unit 201 determ nes
whet her or not the signal to the STA 2 is decoded correctly
(step S1209). Wien determning that the signal to the STA 2
is decoded without error (step S1209/Y), the higher |ayer
unit 201 instructs the transm ssion unit 203 to transmt an
ACK franme to the AP 1 and the transm ssion unit 203
transmts the ACK frame to the AP 1 in accordance with the
instruction of the higher layer unit 201 (step S1210). 1In
this manner, the operation of the STA 2 ends. Any nethod of
transmtting the ACK frame by the transm ssion unit 203 is
included in the present enbodi nent as |ong as being a nethod
(for exanple, the aforenentioned nethod) decided in advance
between the AP 2 and the STA 2. Note that, when the higher

| ayer unit 201 recognizes an error in a decoding result of a
signal to the STA 2 (step S1209/N), the operation of the STA
2 ends at that point.

[ 0131]

When the STA 2 has not received a signal transmtted
fromthe AP 1 for a fixed tine period after having
transmtted the first CIS frame or the second CTS frame to
the AP 1, the STA 2 may determ ne that the AP 1 has not
performed OFDVA transm ssion and stop a reception operation

or newy start another conmunication operation. The STA 2



may transmt, to the channel on which the first CTS frame
has been transmtted, a signal frame describing that the NAV
set inthe first CTS frane is able to be sol ved.

[0132]

According to the conmuni cati on systemincluding the AP
1 and the STAs 2 described above, in a communi cation system
in which CSMW CA is premsed and a | egacy termnal (the STA
3 according to an exanple of the present enbodi nent) of an
exi sting | EEE802. 11 standard exists, a radio channel is able
to be efficiently reserved while realizing coexistence with
the legacy termnal, and OFDVA transm ssion is able to be
reali zed whil e reducing overhead, thus nmaking it possible to
significantly contribute to inprovenent of frequency
efficiency of the comuni cation system
[ 0133]

[2. Common in all enbodi nent]

A program which runs in the AP 1, the STAs 2, and the
STAs 3 according to the invention is a programthat controls
a CPU and the |ike (programthat causes a conputer to
function) such that the functions in the aforenentioned
enbodi ment concerning the invention are realized. The
pi eces of information handl ed by the apparatuses are
tenporarily accumul ated in a RAM during the processing
t hereof, and then stored in various ROV and HDDs and read,

corrected, and witten by the CPU when necessary. A



recordi ng nediumthat stores the programtherein may be any
of a sem conductor nmedium (for exanple, a ROM a nonvol atile
menory card or the like), an optical recording nedium(for
exanple, a DVD, an MO, an MD, a CD, a BD or the like), a
magneti c recordi ng nedium (for exanple, a magnetic tape, a
flexible disc or the like), and the |ike. Mreover, there
is also a case where, by executing the | oaded program not
only the functions of the aforenentioned enbodi nent are
realized, but also by perform ng processing in cooperation
wi th an operating system other application prograns or the
like on the basis of an instruction of the program the
functions of the invention may be realized.

[ 0134]

When being distributed in the market, the programis
able to be stored in a portable recordi ng nmedi um and
distributed or be transferred to a server conputer connected
t hrough a network such as the Internet. In this case, a
st orage apparatus of the server conputer is also included in
the invention. A part or all of the AP 1, the STAs 2, and
the STAs 3 in the aforenenti oned enbodi mrent nmay be realized
as an LSI which is a typical integrated circuit. Each
functional block of the AP 1, the STAs 2, and the STAs 3 may
be individually formed into a chip, or a part or all thereof
may be integrated and fornmed into a chip. Wen each

functional block is nade into an integrated circuit, an



integrated circuit control unit for controlling themis
added.
[ 0135]

Further, a nethod for making into an integrated circuit
isnot [imted to the LSI and a dedicated circuit or a
versatile processor may be used for realization. Further,
in a case where a technique for making into an integrated
circuit in place of the LSI appears with advance of a
sem conductor technique, an integrated circuit by the
technique is also able to be used.

[ 0136]

Note that, the invention of the present application is
not limted to the aforenmenti oned enbodi nent. The AP 1, the
STAs 2, and the STAs 3 of the invention of the present
application are not limted to be applied to a nobile
station apparatus, but, needless to say, are applicable to
stationary or unnovabl e el ectroni c equi pnment which is
installed indoors or outdoors such as, for exanple, AV
equi pnent, kitchen equi pnent, cl eani ng/ washing nmachine, air
condi tioni ng equi pnent, office equi pnent, automatic vendi ng
machi ne, other domestic equi pnent, and the |ike.

[ 0137]

As above, the enbodi rent of the invention has been

described in detail with reference to drawi ngs, but specific

configurations are not limted to the enbodi nent, and a



design and the |ike which are not departed fromthe main

subj ect of the invention are also included in the scope of

cl ai ns.
| ndustri al

[ 0138]

Applicability

The invention is suitably used for a radio transm ssion

appar at us,

a radi o receiving appar at us,

system and a conmuni cati on mnet hod.

[ 0139]

Not e t hat,

the present internationa

a conmmuni cati on

application clains

priority from Japanese Patent Application No. 2015-018911

filed on February 3, 2015, and the entire contents of

Japanese Patent Application No. 2015-018911 are hereby

i ncorporated herein by reference.
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CLAI M5
[Caim1l]

A radi o receiving apparatus perform ng conmunication
with a radio transm ssion apparatus that perforns nulti-user
transm ssion with a plurality of radio receiving apparatuses
in a conmunication systemthat controls transm ssion
opportunity in an autononous distributed manner, the radio
recei ving apparatus conpri sing:

a reception unit that receives a resource reserving
signal which is transmtted fromthe radi o transm ssion
appar at us and which includes information indicating that the
signal is addressed to the plurality of radio receiving
appar at uses; and

a transm ssion unit that transmts a resource reserving
response signal to the radi o transm ssion apparatus by using
at |l east one radio resource with which the resource
reserving signal is received, wherein

at least part of information included in the resource
reserving response signal is identical to information
included in a first resource reserving response signal
transmtted by another of the radi o receiving apparatuses.

[ A ai m 2]

The radi o receiving apparatus according to claiml1,

wher ei n,

the reception unit acquires information that is



transmtted fromthe radio transm ssion apparatus and that
indicates a radio resource with which the resource reserving
response signal is transmtted.
[ O aim 3]

The radi o receiving apparatus according to claim 2,
wher ei n

the reception unit acquires information that is
transmtted fromthe radio transm ssion apparatus and t hat
indicates at |east part of the information included in the
resource reserving response signal.
[ O ai m 4]

The radi o receiving apparatus according to claim 3,
wher ei n

the transm ssion unit transmts the resource reserving
response signal at a tinme the sanme as a tine at which at
| east one of the plurality of radi o receiving apparatuses
transmts a resource reserving response signal.
[ aimb5]

The radi o receiving apparatus according to claim4,
wherein

the transm ssion unit transmts the resource reserving
response signal with a bandw dth of 20 MHz.
[ O ai m 6]

The radi o receiving apparatus according to claimb5,

wher ei n



the reception unit stops a reception operation in a
case where a frame transmtted fromthe radio transm ssion
apparatus is not received for a predetermned tinme period
after the transmission unit has transmtted the resource
reserving response signal.

[Claim7]

The radi o receiving apparatus according to claim®,
wher ei n

the reception unit determ nes whether or not the
resource reserving response signal is an existing RTS frane,
and in a case where the resource reserving response signal
is not an existing RTS frame, the reception unit starts a
reception operation for a frane transmtted by the nulti-
user transm ssion, and in a case where the resource
reserving response signal is an existing RTS frame, the
reception unit starts a reception operation for a franme
transmtted by single-user transm ssion.

[ aim 8]

The radi o receiving apparatus according to claim?7,
wherein

the resource reserving response signal includes the
first resource reserving response signal and a second
resource reserving response signal,

a radio resource wth which the transm ssion unit

transmts the second resource reserving response signal is



part of a radio resource with which the transm ssion unit

transmts the first resource reserving response signal, and
information indicating the radio resource with which

the transm ssion unit transmts the second resource

reserving response signal is signaled fromthe radio

transm ssi on appar at us.

[ Caim9]

The radi o receiving apparatus according to claim?7,
wherein

the resource reserving signal includes informtion
indicating that the radio transm ssion apparatus starts the
mul ti-user transm ssion.

[ A ai m 10]

A radi o transm ssion apparatus performng nulti-user
transm ssion with a plurality of radi o receiving apparatuses
in a conmunication systemthat controls transm ssion
opportunity in an autononous distributed manner, the radio
transm ssi on apparatus conpri sing:

a transmssion unit that transmts, to the plurality of
radi o receiving apparatuses, a resource reserving signal
including information indicating that the signal is
addressed to the plurality of radio receiving apparatuses;
and

a reception unit that receives resource reserving

response signals transmtted fromthe plurality of radio



recei vi ng appar atuses, wherein

at least part of information included in the resource
reserving response signals transmtted fromthe plurality of
radi o receiving apparatuses is common, and

the radio transm ssion apparatus notifies the plurality
of radio receiving apparatuses of information indicating a
radio resource with which the plurality of radio receiving
apparatuses transmt the resource reserving response signals.
[C aim11]

The radi o transm ssi on apparatus according to claim10,
wherein

the transm ssion unit notifies the plurality of radio
recei ving apparatuses of information indicating at | east
part of the information included in the resource reserving
response signals transmtted fromthe plurality of radio
recei vi ng appar at uses.
[C aim12]

The radi o transm ssi on apparatus according to claim 11,
wher ei n

the transm ssion unit does not performthe multi-user
transm ssion in a case where the reception unit does not
receive any resource reserving response signal for a
predeterm ned tine period after the transm ssion unit has
transmtted the resource reserving signal.

[C ai m 13]



The radi o transm ssi on apparatus according to claim 12,
wher ei n
the transm ssion unit transmts, to the plurality of radio
recei ving apparatuses, a frame including information that
all ows a NAV set by the resource reserving signal to be
cleared, after at least part of the nulti-user transm ssion
ends.
[ A ai m 14]

The radi o transm ssi on apparatus according to claim 13,
wher ei n

the resource reserving response signals which are
transmtted fromthe plurality of radio receiving
apparatuses and in which at |least part of information is
common are transmtted with a bandwi dth of 20 MHz.
[ A ai m 15]

The radi o transm ssi on apparatus according to claim 14,
wher ei n

the nmulti-user transmssion is perfornmed in which a
frame to the radi o receiving apparatus is allocated to at
| east part of a radio resource with which is received the
resource reserving signal which is transmtted fromthe
radi o receiving apparatus and in which at | east part of
information is comon.
[ Cl ai m 16]

A communi cation nmethod included in a radio receiving



apparatus perform ng communication with a radio transm ssion
apparatus that perforns nulti-user transm ssion with a
plurality of radio receiving apparatuses in a conmmunication
systemthat controls transm ssion opportunity in an

aut ononous di stri buted manner, the conmunicati on nethod
conprising the steps of:

receiving a resource reserving signal which is
transmtted fromthe radio transm ssion apparatus and which
i ncludes information indicating that the signal is addressed
to the plurality of radio receiving apparatuses; and

transmtting a resource reserving response signal to
the radi o transm ssion apparatus by using at | east one radio
resource with which the resource reserving signal is
recei ved, wherein

at least part of information included in the resource
reserving response signal is identical to information
included in a first resource reserving response signal
transmtted by another of the radio receiving apparatuses.
[Caim17]

A communi cation nmethod included in a radio transm ssion
apparatus performng nulti-user transmssion with a
plurality of radio receiving apparatuses in a conmmunication
systemthat controls transm ssion opportunity in an
aut ononous di stri buted manner, the conmunication nethod

conprising the steps of:



transmtting, to the plurality of radio receiving
apparatuses, a resource reserving signal including
information indicating that the signal is addressed to the
plurality of radio receiving apparatuses;

recei ving resource reserving response signals
transmtted fromthe plurality of radio receiving
appar at uses; and

notifying the plurality of radi o receiving apparatuses
of information indicating a radio resource with which the
plurality of radio receiving apparatuses transnt the
resource reserving response signals, wherein

at least part of information included in the resource
reserving response signals transmtted fromthe plurality of
radi o recei ving apparatuses i s conmon.

[ O ai m 18]

A comuni cation systemthat controls transm ssion
opportunity in an autononous distributed manner, the
communi cati on system conpri sing:

a plurality of radio receiving apparatuses; and

a radio transm ssion apparatus that perfornms multi-user
transm ssion with the plurality of radi o receiving
appar at uses,

the radi o receiving apparatus including

a reception unit that receives a resource reserving

signal which is transmtted fromthe radi o transm ssion



appar at us and which includes information indicating that the
signal is addressed to the plurality of radio receiving
appar at uses; and

a transmssion unit that transmts a resource reserving
response signal to the radi o transm ssion apparatus by using
at |l east one radio resource with which the resource
reserving signal is received,

at least part of information included in the resource
reserving response signal being identical to information
included in a first resource reserving response signal
transmtted by another of the radio receiving apparatuses,
and

the radi o transm ssion apparatus including

a transmssion unit that transmts, to the plurality of
radi o receiving apparatuses, a resource reserving signal
including information indicating that the signal is
addressed to the plurality of radi o receiving apparatuses;
and

a reception unit that receives resource reserving
response signals transmtted fromthe plurality of radio
recei vi ng appar at uses,

at least part of information included in the resource
reserving response signals transmtted fromthe plurality of
radi o receiving apparatuses bei ng common, and

the plurality of radio receiving apparatuses being



notified of information indicating a radio resource with
which the plurality of radio receiving apparatuses transmt

t he resource reserving response signals.



