DESCRIPTION

WIRELESS COMMUNICATION APPARATUS AND METHOD, AND PROGRAM

TECHNICAL FIELD
[0001]

The present technology relates to a wireless
communication apparatus and method, and a program, and, more
particularly, to a wireless communication apparatus and method,
and a program which enable communication to be performed more

efficiently.

BACKGROUND ART
[0002]

In recent years, a high-density wireless local area
network (LAN) system has been studied and developed, and a
method has been devised, to which an advanced spatial reuse
technology which improves capacity of wireless LAN terminals
in related art and realizes high throughput is applied.
[0003]

Particularly, as the advanced spatial reuse technology, a
technology for allowing a signal of an own basic service set
(BSS) and a signal from an overlapping basic service set
(OBSS) existing close to the own BSS to coexist has been
devised.

[0004]

Specifically, for example, a communication method has
been devised in which transmission of an own signal is
performed within a range not affecting the OBSS if received
field strength (received power) of a signal from the OBSS
close to the own BSS is equal to or lower than predetermined
received field strength. Here, whether a signal is a signal

from the own BSS or a signal from other OBSS is typically



identified on the basis of an identifier included in header
information added to a head of a frame.
[0005]

Further, in a cellular communication system in related
art, existence of data transmitted using a data channel can be
recognized by arranging a control channel and the data channel
separately in advance and by a terminal decoding only control
information transmitted using the control channel.

[0006]

That is, for example, a technology of transmitting a
signaling message using a shared signaling channel (see, for
example, Patent Document 1) is proposed. In this technology,
shared signaling channels are allocated to subcarriers of the
number determined in advance within an arbitrary frame, actual
subcarriers periodically change, and signal power is made to

change on the basis of a baseband symbol.

CITATION LIST

PATENT DOCUMENT

[0007]

Patent Document 1: Japanese Patent Application Laid-Open No.
2013-153460

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0008]

However, with the technology described above, it is
difficult to perform communication efficiently.
[0009]

Specifically, in a case where an advanced spatial reuse
technology is applied, whether a received signal is a signal

from a BSS or a signal from an OBSS is determined on the basis



of header information added to a head of a frame. Therefore,
even if the received signal is a signal from the OBSS, if a
head portion of the signal cannot be received, it has been
impossible to identify whether the received signal is a signal
of the BSS or a signal from the OBSS. As a result, an
apparatus is put into a state where the apparatus cannot
transmit an own signal, and it becomes impossible to cause the
advanced spatial reuse technology to effectively function.
[0010]

Further, even if some kind of signals is detected from a
middle of a frame at a signal reception side, because
information indicating a duration of the signal cannot be
obtained, it has been impossible to recognize reception end
time of the frame. Therefore, in order to start new signal
transmission after a frame which is being detected ends, it is
necessary to always continuously detect a signal level.

[0011]

Further, in a method in which a signaling message is
transmitted using a shared signaling channel, it is necessary
to recognize in advance which subcarrier is used for signaling.
Therefore, such a method cannot be applied to a system like a
wireless LAN, in which signals are intermittently transmitted
and received. That is, a communication apparatus which
operates as a base station has to always continuously transmit
a signaling message using some kind of subcarriers.

[0012]
Embodiments of the present disclosure enable

communication to be performed more efficiently.

SOLUTIONS TO PROBLEMS
[0013]

According to the first aspect of the present disclosure,



there is provided a wireless communication apparatus including,
a preamble generating unit configured to generate a preamble
signal including header information; an inter-training
generating unit configured to generate an inter-training
signal including at least part of information of the header
information, and a wireless transmission processing unit
configured to transmit transmission data after transmitting
the preamble signal in at least one or more frequency channels
among a plurality of the frequency channels and transmit a
plurality of the inter-training signals by utilizing one or a
plurality of the frequency channels among the plurality of the
frequency channels during a transmission period of the
transmission data.

[0014]

According to a second aspect of the present disclosure,
there is provided a wireless communication method to be
performed by a wireless communication apparatus, including
steps of: generating a preamble signal including header
information; generating an inter-training signal including at
least part of information of the header information; and
transmitting transmission data after transmitting the preamble
signal in at least one or more frequency channels among a
plurality of the frequency channels and transmitting a
plurality of the inter-training signals by utilizing one or a
plurality of the frequency channels among the plurality of the
frequency channels during a transmission period of the
transmission data.

[0014a]

According to a third aspect of the present disclosure,
there is provided a program for causing a computer to execute
processing including steps of: generating a preamble signal

including header information; generating an inter-training



signal including at least part of information of the header
information; and transmitting transmission data after
transmitting the preamble signal in at least one or more
frequency channels among a plurality of the frequency channels,
and transmitting a plurality of the inter-training signals by
utilizing one or a plurality of the frequency channels among
the plurality of the frequency channels during a transmission
period of the transmission data.

[0015]

In the above aspects of the present disclosure, a
preamble signal including header information is generated, an
inter-training signal including at least part of information
of the header information is generated, and after transmitting
the preamble signal in at least one or more frequency channels
among a plurality of the frequency channels, transmission data
is transmitted, and a plurality of the inter-training signals
is transmitted by utilizing one or a plurality of the
frequency channels among the plurality of the frequency
channels during a transmission period of the transmission data.
[0016]

According to a fourth aspect of the present disclosure,
there is provided a wireless communication apparatus
including: an inter-training detecting unit configured to
detect an inter-training signal including at least part of
information of header information included in a preamble
signal from a received signal in one or a plurality of
frequency channels among a plurality of the frequency
channels; and a wireless communication control unit configured
to specify usage situations of the plurality of the frequency
channels on the basis of the detected inter-training signal.
[0017]

According to a fifth aspect of the present disclosure,



there is provided a wireless communication method to be
performed by a wireless communication apparatus, including
steps of: detecting an inter-training signal including at
least part of information of header information included in a
preamble signal from a received signal in one or a plurality
of frequency channels among a plurality of the frequency
channels; and specifying usage situations of the plurality of
the frequency channels on the basis of the detected inter-
training signal.

[0017a]

According to a sixth aspect of the present disclosure,
there is provided a program for causing a computer to execute
processing including steps of: detecting an inter-training
signal including at least part of information of header
information included in a preamble signal from a received
signal in one or a plurality of frequency channels among a
plurality of the frequency channels; and specifying usage
situations of the plurality of the frequency channels on a
basis of the detected inter-training signal.

[0018]

In the above aspects of the present disclosure, an
inter-training signal including at least part of information
of header information included in a preamble signal is
detected from a received signal in one or a plurality of
frequency channels among a plurality of the frequency channels,
and usage situations of the plurality of the frequency
channels is specified on the basis of the detected inter-

training signal.

EFFECTS OF THE INVENTION
[0019]

According to the above aspects of the present disclosure,



it is possible to perform communication more efficiently.

[0020]

necessarily limitative,

Note that the advantageous effects described here are not

described in the present disclosure may be attained.

BRIEF DESCRIPTION OF DRAWINGS

[0021]
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Fig. 1 is a diagram illustrating
a wireless network.

Fig. 2 is a diagram illustrating
a frequency channel.

Fig. 3 is a diagram illustrating
a wireless communication apparatus.

Fig. 4 is a diagram illustrating
a wireless communication module.

Fig. 5 is a diagram illustrating

Fig. 6 is a diagram illustrating
an L-SIG.

Fig. 7 is a diagram illustrating

an HE-SIG-A.
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Fig. 8 is a diagram illustrating a configuration

a transmission frame subjected to frame aggregation.

Fig. 9 is a diagram illustrating a configuration
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of a typical transmission frame in a case where an MPDU is

transmitted by utilizing a

of

plurality of frequency channels.

Fig. 10 is a diagram illustrating a configuration example

a transmission frame to which the present technology is

applied.
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Fig. 11 is a diagram illustrating a configuration example

a transmission frame to which the present technology is

applied.
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Fig. 12 is a diagram illustrating a configuration
example of inter-signal information.

Fig. 13 is a diagram explaining communication using
typical advanced spatial reuse.

Fig. 14 is a flowchart explaining transmission
processing.

Fig. 15 is a flowchart explaining reception
processing.

Fig. 16 is a diagram illustrating a configuration

example of a computer.

MODE FOR CARRYING OUT THE INVENTION
[0022]

Hereinafter, an embodiment to which the present
technology is applied will be described with reference to
the drawings.

[0023]

(First embodiment)

(Configuration example of wireless network)

The present technology is a technology in which, in
a case where a plurality of channels are aggregated
(coupled) to be utilized as a broadband channel, part of
preamble information and header information which make a
notification of attribute of frames transmitted in other
channels is transmitted in a specific narrow band channel.
[0024]

By this means, it is possible to cause peripheral
wireless communication apparatuses to recognize a usage
situation of a wireless transmission path, so that it 1is
possible to perform communication more efficiently. That

is, the peripheral wireless communication apparatuses can



10

15

20

25

30

recognize what kind of signal (frame) is transmitted in
all channels by acquiring this part of the preamble
information and the header information.

[0025]

Specifically, a specific frequency channel is set
as a management channel, and, in a case where a wireless
transmission path is utilized, part of header information
is repeatedly transmitted following a predetermined
preamble in the management channel. Transmission of part
of the header information which is repeatedly performed
is continuously performed until a predetermined timing at
which utilization of the wireless transmission path is
finished.

[0026]

In this case, for example, by setting a format of
one of narrow band channels at a preamble format which
utilizes a 20 MHz bandwidth in related art, also wireless
communication apparatuses in related art can recognize
the usage situation of the wireless transmission path.
Further, by attribute information, or the like, of the
frame being described as preamble information to be
transmitted by utilizing a narrow band channel
(management channel), peripheral wireless communication
apparatuses can acquire information of the frame
transmitted in a broadband channel.

[0027]

Further, by shifting a frequency channel to be
utilized as the management channel as necessary, it is
also possible to allow a wireless communication apparatus
which performs communication by utilizing a narrow band

channel to be notified of the usage situation of the
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wireless transmission path.
[0028]

In this case, because a notification of part of the
preamble information and the header information is made
by sequentially utilizing a plurality of narrow band
channels which constitutes a broadband channel as the
management channel, it is possible to notify also a
wireless communication apparatus which utilizes only a
narrow band channel of the usage situation of the
wireless transmission path.

[0029]

Further, in addition to part of the header
information, arbitrary information may be added as
information to be repeatedly transmitted in the
management channel.

[0030]

For example, examples of the information to be
transmitted in the management channel can include BSS
Color information which is identification information for
identifying a BSS, information regarding transmission
power (transmitter power control (TPC)), information
regarding receiving sensitivity (DSC), information of a
modulation scheme and a coding scheme of a data portion
(modulation and coding scheme (MCS)), and parameters such
as a remaining period of the frame and a data length
(Length) .

[0031]

For example, by the BSS Color information being
described as part of the header information, in a case
where a spatial multiplex reuse technology is applied,

each peripheral wireless communication apparatus can
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identify whether a signal which is being transmitted is a
signal from a BSS to which an own apparatus belongs or
signals from other OBSSs.

[0032]

Further, by describing information regarding
transmission power of a frame to be transmitted and
information regarding receiving sensitivity on a
reception side in part of the header information, it is
possible to notify peripheral wireless communication
apparatuses that transmission power control or receiving
sensitivity control is performed.

[0033]

A specific embodiment to which the present
technology is applied will be described below. Fig. 1 is
a diagram illustrating a configuration example of a
wireless network including a wireless communication
apparatus to which the present technology is applied.
[0034]

In the example illustrated in Fig. 1, relationship
between the wireless communication apparatus to which the
present technology is applied and wireless communication
apparatuses existing around the wireless communication
apparatus is illustrated.

[0035]

That is, a wireless communication apparatus STAQO
performs communication by forming a wireless network with
an access point APl of a first basic service set to which
the wireless communication apparatus STAO belongs, that
is, a BSS (hereinafter, referred to as a BSS1l) and
another wireless communication apparatus STAl.

[0036]
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In other words, the wireless communication
apparatus STAO, the access point APl, and the wireless
communication apparatus STAl belong to the BSS1 which is
a wireless network, and these apparatuses constitute a
wireless communication system.

[0037]

In this example, whether the detected signal is a
signal transmitted from the apparatus which constitutes
the BSS1 can be specified from the BSS Color information
= 0x01 indicating the BSS1l, included in the signal. The
BSS Color information is information for specifying a
wireless network to which an apparatus of a transmission
source of a signal including the BSS Color information
belongs.

[0038]

Further, around the wireless communication
apparatus STAO, an access point AP2 and a wireless
communication apparatus STA2 of a second BSS (hereinafter,
referred to as an OBSS2) which exists around the wireless
communication apparatus STAO and which overlaps with the
BSS1 also exist. Here, whether the detected signal is a
signal transmitted from an apparatus which constitutes
the OBSS2 can be specified from the BSS Color information
= 0x02 indicating the OBSS2, included in the signal.
[0039]

Further, around the wireless communication
apparatus STAO, an access point AP3 and a wireless
communication apparatus STA3 of a third BSS (hereinafter,
referred to as an OBSS3) which exists around the wireless
communication apparatus STAO and which overlaps with the

BSS1 also exist. Here, whether the detected signal is a
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signal transmitted from an apparatus which constitutes
the OBSS3 can be specified from the BSS Color information
= 0x03 indicating the OBSS3, included in the signal.
[0040]

In this manner, in a case where the OBSS2 and the
OBSS3 whose communication possible ranges overlap with a
communication possible range of the BSS1 exist, for
example, at the wireless communication apparatus STAQ,
not only signals transmitted from the access point APl
and the wireless communication apparatus STAl which
constitute the BSS1, but also signals transmitted from
apparatuses such as the access point AP2, the wireless
communication apparatus STA2, the access point AP3, and
the wireless communication apparatus STA3 are also
detected.

[0041]

A configuration is employed where each BSS of the
BSS1, the 0BSS2, and the OBSS3 performs transmission
power control in accordance with a situation between
wireless communication apparatuses which constitute the
BSS to perform communication.

[0042]

For example, in the OBSS2 which is constituted with
the access point AP2 and the wireless communication
apparatus STA2, and whose communication situation is more
favorable than that of the BSS1, communication is
performed while transmission power is lowered. Further,
in the OBSS3 in which the access point AP3 and the
wireless communication apparatus STA3 exist, and whose
communication situation is poorer than that of the BSS1,

communication is performed while transmission power is
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increased.
[0043]

That is, each BSS employs a configuration where
transmission power control is performed in accordance
with wireless communication apparatuses which constitute
the wireless network (BSS). Therefore, because
communication is not performed at predetermined
transmission power as in related art, and whether or not
a transmission path can be utilized cannot be uniquely
determined from received field strength (received power)
of the received signal, it has been difficult to perform
transmission control using carrier sense multiple
access/collision avoidance (CSMA/CA).

[0044]

Further, in recent years, it is studied to improve
utilization efficiency of a wireless transmission path by,
for example, upon communication between the access point
AP3 and the wireless communication apparatus STA3 of the
OBSS3, performing communication while controlling
transmission power from the wireless communication
apparatus STAO to the access point APl so as not to
affect the communication of the OBSS3.

[0045]

That is, a configuration is employed where advanced
spatial reuse is performed by performing communication
while communication within the own BSS is made to overlap
with communication of an irrelevant and overlapping BSS
(OBSS) .

[0046]
However, because communication between the access

point AP2 and the wireless communication apparatus STA2
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of the OBSS2, which is performed at transmission power
smaller than transmission power of the own BSS is largely
affected if communication from the wireless communication
apparatus STAO to the access point APl is performed, it
is necessary to perform control of refraining from
transmission.

[0047]

(Configuration example of frequency channels)

Subsequently, a configuration of frequency channels
allocated to the wireless communication system will be
described. Fig. 2 is a diagram illustrating a
configuration example of the frequency channels allocated
to the wireless communication system. Note that Fig. 2
illustrates a frequency on a horizontal axis.

[0048]

For example, in an example indicated with an arrow
Qll, in a predetermined frequency band, each frequency
channel is set so that bandwidths of all the frequency
channels become 20 MHz in the frequency band. That is,
in this case, each frequency band whose bandwidth is 20
MHz is utilized as the frequency channel, and a signal is
transmitted for each frequency channel.

[0049]

In an example indicated with an arrow Q12, from the
example indicated with the arrow Q1l1, further, two
frequency channels whose bandwidths are 20 MHz are
bundled for some frequency channels adjacent to each
other, and utilized as one frequency channel whose
bandwidth is 40 MHz, that is, as a broadband channel.
[0050]

In this manner, by widening a bandwidth of the
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frequency channel, it is possible to transmit more
information efficiently. That is, for example, because
utilization efficiency of a frequency band is higher in a
case where a signal (frame) is transmitted using one
frequency channel whose bandwidth is 40 MHz than in a
case where the signal is transmitted using two frequency
channels whose bandwidths are 20 MHz, it is possible to
transmit more information.

[0051]

Moreover, because processing is performed for each
frequency channel upon transmission and reception of a
signal, as the number of frequency channels is smaller, a
processing amount upon transmission and upon reception
becomes smaller, which results in shortening a processing
period of processing required for transmission and
reception.

[0052]

In an example indicated with an arrow Q13, from the
example indicated with the arrow Q12, further, two
frequency channels whose bandwidths are 40 MHz are
bundled to be utilized as one frequency channel whose
bandwidth is 80 MHz. That is, four frequency channels
whose bandwidths are 20 MHz are bundled to be utilized as
one frequency channel whose bandwidth is 80 MHz
(broadband channel) .

[0053]

Therefore, in this example, it is possible to
utilize two frequency channels whose bandwidths are 80
MHz and two frequency channels whose bandwidths are 20
MHz.

[0054]
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In an example indicated with an arrow Q14, from the
example indicated with the arrow Q13, further, two
frequency channels whose bandwidths are 80 MHz are
bundled to be utilized as one frequency channel whose
bandwidth is 160 MHz. That is, eight frequency channels
whose bandwidths are 20 MHz are bundled to be utilized as
one frequency channel whose bandwidth is 160 MHz.
Therefore, in this example, it is possible to utilize one
frequency channel whose bandwidth is 160 MHz and two
frequency channels whose bandwidths are 20 MHz.

[0055]

Further, in an example indicated with an arrow Q15,
from the example indicated with the arrow Q11, further,
some frequency channels which are adjacent to each other
are bundled and utilized as a mix of a plurality of
frequency channels whose bandwidths are different from
each other.

[0056]

That is, in this example, it is possible to utilize
four frequency channels whose bandwidths are 20 MHz, one
frequency channel whose bandwidth is 40 MHz, and one
frequency channel whose bandwidth is 80 MHz.

[0057]

In this manner, at the wireless communication
apparatus, it is possible to divide a predetermined
frequency band into a plurality of bands with an
arbitrary bandwidth and utilize each band as a frequency
channel for transmitting and receiving a signal.

[0058]
(Configuration example of wireless communication

apparatus)
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A configuration of an apparatus which constitutes
the BSS illustrated in Fig. 1 will be described next.
[0059]

Fig. 3 is a diagram illustrating a configuration
example of a wireless communication apparatus to which
the present technology is applied.

[0060]

A wireless communication apparatus 11 illustrated
in Fig. 3 corresponds to, for example, the wireless
communication apparatus STAO, the wireless communication
apparatus STAl, or an apparatus such as the access point
AP1l, which constitute the BSS1 illustrated in Fig. 1.
[0061]

Note that, here, description will be provided
assuming that the wireless communication apparatus 11 is
configured to be able to operate as either an access
point such as the access point APl or a communication
device such as the wireless communication apparatus STAOQ,
which constitute the BSS, that is, a wireless LAN system.
However, the wireless communication apparatus 11 may have
a configuration in which a portion unnecessary for each
operation is omitted as appropriate.

[0062]

The wireless communication apparatus 11 includes an
internet connection module 21, an information input
module 22, an equipment control unit 23, an information
output module 24, and a wireless communication module 25.
[0063]

The internet connection module 21 functions as an
adapter which is connected to the Internet in a wired

manner in a case where, for example, the wireless
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communication apparatus 11 operates as the access point.
That is, the internet connection module 21 supplies data
received via the Internet to the equipment control unit
23 or transmits data supplied from the equipment control
unit 23 to a communication partner via the Internet.
[0064]

In a case where operation desired by a user is
input by, for example, a button, or the like, being
operated by the user, the information input module 22
acquires a signal in accordance with the operation of the
user and supplies the signal to the equipment control
unit 23. For example, in a case where various kinds of
buttons and switches, a touch panel, a mouse, a keyboard,
or the like, is operated by the user, or in a case where
the user performs input operation to a microphone, or the
like, through speech, or the like, the information input
module 22 determines the operation input and acquires a
signal supplied in accordance with the operation.

[0065]

The equipment control unit 23 controls operation of
the whole wireless communication apparatus 11 in
accordance with a signal, or the like, supplied from the
information input module 22. That is, the equipment
control unit 23 includes blocks, and the like, which
realize functions corresponding to a central processing
unit (CPU) which manages control of the operation of the
wireless communication apparatus 11 in an integrated
manner and executes arithmetic processing, and an
operating system (0OS).

[0066]

For example, the equipment control unit 23 supplies
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predetermined data to the wireless communication module
25 and causes the data to be transmitted to a
communication partner through wireless communication, or
acquires data received from the communication partner
from the wireless communication module 25. Further, the
equipment control unit 23 supplies information to the
information output module 24 and causes the information
to be displayed.

[0067]

The information output module 24 includes, for
example, a display, a speaker, or the like, and outputs
information supplied from the equipment control unit 23
to the user. For example, the information output module
24 presents desired information to the user by causing
the information supplied from the equipment control unit
23 to be displayed at a display of the own apparatus.
[0068]

The wireless communication module 25 operates as a
communication module for the wireless communication
apparatus 11 to actually perform wireless communication
operation. That is, the wireless communication module 25
transmits data supplied from the equipment control unit
23 in a frame of a predetermined format through wireless
communication, and receives a signal transmitted through
wireless communication and supplies data extracted from
the received signal to the equipment control unit 23.
[0069]

(Configuration example of wireless communication
module)

Further, the wireless communication module 25 of

the wireless communication apparatus 11 is configured as
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illustrated in, for example, Fig. 4.
[0070]

The wireless communication module 25 illustrated in
Fig. 4 includes an interface 51, a transmission buffer 52,
a network managing unit 53, a transmission frame
constructing unit 54, a wireless communication control
unit 55, a header information generating unit 56, a
preamble generating unit 57, an inter-training generating
unit 58, a transmission power control unit 59, a wireless
transmission processing unit 60, an antenna control unit
61, an antenna 62, a wireless reception processing unit
63, a detection threshold control unit 64, an inter-
training detecting unit 65, a preamble detecting unit 66,
a header information analyzing unit 67, a received data
constructing unit 68, and a reception buffer 69.
[0071]

The interface 51 is connected to other modules
which constitute the wireless communication apparatus 11
such as, for example, the equipment control unit 23,
supplies data supplied from other modules to the
transmission buffer 52 and supplies data held at the
reception buffer 69 to other modules. Further, the
interface 51 supplies information supplied from other
modules such as the equipment control unit 23 to the
network managing unit 53 and supplies information
supplied from the network managing unit 53 to other
modules such as the equipment control unit 23.
[0072]

The transmission buffer 52 holds data supplied from
the interface 51 and supplies the held data to the

transmission frame constructing unit 54.
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[0073]

For example, the data held at the transmission
buffer 52 is data stored in a media access control (MAC)
layer protocol data unit (MAC protocol data unit (MPDU)),
to be transmitted in a wireless manner.

[0074]

The network managing unit 53 manages a network
which overlaps with the own network between the own
apparatus and peripheral wireless communication
apparatuses. That is, the network managing unit 53
supplies information supplied from the interface 51 and
the received data constructing unit 68 to the wireless
communication control unit 55. Further, the network
managing unit 53 instructs the transmission frame
constructing unit 54 to construct a frame including a
predetermined number of MPDUs, or instructs the received
data constructing unit 68 to construct data in a
predetermined unit.

[0075]

The transmission frame constructing unit 54
constructs a wireless communication frame in a
predetermined aggregation unit for wireless communication
by storing data held at the transmission buffer 52 in the
MPDU in accordance with the instruction of the network
managing unit 53 or coupling a plurality of MPDUs.

[0076]

The transmission frame constructing unit 54
supplies the constructed wireless communication frame to
the wireless transmission processing unit 60 as a
transmission frame and supplies necessary information

regarding the transmission frame to the header
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information generating unit 56.
[0077]

Note that, in the following description, the
wireless communication frame to be transmitted by the
wireless communication apparatus 11 will be also
particularly referred to as a transmission frame, and
data stored in the MPDU of the transmission frame will be
also referred to as transmission data. Further, the
wireless communication frame to be received by the
wireless communication apparatus 11 will be also
particularly referred to as a received frame, and data
stored in the MPDU of the received frame will be also
referred to as received data.

[0078]

The wireless communication control unit 55 performs
access communication control on a wireless transmission
path in accordance with predetermined communication
protocol.

[0079]

That 1is, the wireless communication control unit 55
controls each unit of the wireless communication module
25 on the basis of information, or the like, supplied
from the network managing unit 53, the preamble detecting
unit 66, the header information analyzing unit 67, or the
like, and controls transmission and reception through
wireless communication.

[0080]

For example, the wireless communication control
unit 55 supplies necessary information to the header
information generating unit 56, the preamble generating

unit 57, the inter-training generating unit 58, the
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transmission power control unit 59, the antenna control
unit 61, and the detection threshold control unit 64, and
controls various kinds of operation regarding wireless
communication and supplies information regarding the
network obtained from the received signal, or the like,
to the network managing unit 53.

[0081]

The header information generating unit 56 generates
various kinds of information such as header information
stored in a preamble, that is, a preamble signal on the
basis of the information supplied from the transmission
frame constructing unit 54 and the wireless communication
control unit 55, and supplies the information to the
preamble generating unit 57. That is, the header
information generating unit 56 generates overhead
information to be added to a head portion of the
transmission frame.

[0082]

The preamble generating unit 57 generates a
preamble on the basis of the information supplied from
the header information generating unit 56 and the
wireless communication control unit 55, and supplies the
preamble to the wireless transmission processing unit 60
and supplies at least part of the information included in
the preamble to the inter-training generating unit 58.
For example, the preamble is generated for each of a
plurality of frequency channels.

[0083]

The inter-training generating unit 58 generates an

inter-training signal to be inserted into a middle of a

signal of a frequency channel which is set as a
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management channel of the transmission frame on the basis
of the information supplied from the preamble generating
unit 57 and the wireless communication control unit 55
and supplies the inter-training signal to the wireless
transmission processing unit 60.

[0084]

By this means, the inter-training signal is
inserted into a middle of the signal of the management
channel. 1In this inter-training signal, various kinds of
parameters of a training sequence included in the
preamble, that is, information of a training field, the
BSS Color information, or the like, are included. Note
that the management channel is a frequency channel in
which transmission of the inter-training signal is
performed.

[0085]

Further, the inter-training generating unit 58
supplies information included in the generated inter-
training signal to the transmission power control unit 59
as appropriate.

[0086]

The transmission power control unit 59 adjusts
(controls) transmission power of the transmission frame
to be transmitted to other apparatuses which perform
wireless communication with the wireless communication
apparatus 11 by controlling the wireless transmission
processing unit 60 and the antenna control unit 61 in
accordance with an instruction from the wireless
communication control unit 55. That is, the transmission
power control unit 59 controls operation at the wireless

transmission processing unit 60 and the antenna control
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unit 61 so that the transmission frame is transmitted at
predetermined transmission power.
[0087]

The wireless transmission processing unit 60 sets a
final transmission frame by adding the preamble supplied
from the preamble generating unit 57 for the transmission
frame (MPDU) supplied from the transmission frame
constructing unit 54 and the inter-training signal
supplied from the inter-training generating unit 58 to
appropriate positions.

[0088]

The wireless transmission processing unit 60
converts the obtained transmission frame into a
predetermined baseband signal, performs modulation
processing and signal processing on the basis of the
baseband signal and supplies a transmission signal
obtained as a result of the processing to the antenna
control unit 61. That is, the wireless transmission
processing unit 60 transmits a transmission signal
(transmission frame) via the antenna control unit 61 and
the antenna 62.

[0089]

The antenna control unit 61 causes the transmission
signal supplied from the wireless transmission processing
unit 60 to be output (transmitted) from the antenna 62 in
accordance with control by the transmission power control
unit 59. Further, the antenna control unit 61 supplies
the received signal received by the antenna 62 to the
wireless reception processing unit 63.

[0090]

The antenna 62 includes a plurality of elements,
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transmits the transmission signal supplied from the
antenna control unit 61 in a wireless manner, receives
the received signal which has been transmitted, and
supplies the received signal to the antenna control unit
61.

[0091]

The wireless reception processing unit 63 receives
the received signal which is transmitted in a
predetermined format in a wireless manner as a received
frame via the antenna 62 and the antenna control unit 61
by comparing a detection threshold supplied from the
detection threshold control unit 64 and received power of
the received signal supplied from the antenna control
unit 61. The wireless reception processing unit 63
supplies the received frame to the inter-training
detecting unit 65, the preamble detecting unit 66, the
header information analyzing unit 67, and the received
data constructing unit 68.

[0092]

The detection threshold control unit 64 determines
the detection threshold to be used at the wireless
reception processing unit 63 while providing and
accepting necessary information to and from the wireless
communication control unit 55 and the transmission power
control unit 59, and supplies the detection threshold to
the wireless reception processing unit 63. This
detection threshold is used to detect the preamble and
the inter-training signal included in the received signal.
[0093]

The inter-training detecting unit 65 detects the

inter-training signal inserted into a middle of a frame
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of the received signal (received frame) received at the
wireless reception processing unit 63 for each of a
plurality of frequency channels, and supplies the
detection result to the header information analyzing unit
67.

[0094]

The preamble detecting unit 66 detects the preamble
added to the head of the received frame received at the
wireless reception processing unit 63 for each of a
plurality of frequency channels and supplies the
detection result to the wireless communication control
unit 55 and the header information analyzing unit 67.
[0095]

The header information analyzing unit 67 extracts
information such as the overhead information of the
received frame on the basis of the detection results
supplied from the inter-training detecting unit 65 and
the preamble detecting unit 66 and analyzes description
content (description) of the information. Further, the
header information analyzing unit 67 supplies the
extracted information, that is, information read out from
the preamble and the inter-training signal to the
wireless communication control unit 55 and the received
data constructing unit 68.

[0096]

The received data constructing unit 68 constructs
the received signal received at the wireless reception
processing unit 63, that is, data included in the
aggregated received frame as received data in a
predetermined unit on the basis of the information

supplied from the header information analyzing unit 67.
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The received data constructing unit 68 supplies the
constructed received data to the network managing unit 53
and the reception buffer 69.

[0097]

The reception buffer 69 holds the received data
supplied from the received data constructing unit 68 and
supplies the held received data to the interface 51. The
data held at the reception buffer 69 is received data
extracted from a MAC layer protocol data unit (MPDU) of
the received frame.

[0098]

(Frame format example)

Here, a format of a signal provided and accepted
between the respective wireless communication apparatuses
will be described.

[0099]

For example, in a case where frame aggregation is
not performed, typically, a transmission frame in a frame
format illustrated in Fig. 5 is transmitted and received
between the wireless communication apparatuses.

[0100]

In the example illustrated in Fig. 5, a preamble is
arranged at the head of data corresponding to one frame
of the transmission frame, and transmission data is
arranged subsequent to the preamble.

[0101]

That is, an L-STF, an L-LTF, an L-SIG, an RL-SIG,
an HE-SIG-A, an HE-STF, and a predetermined number of HE-
LTFs are sequentially arranged in the preamble.

[0102]
These L-STF, L-LTF, L-SIG, RL-SIG, HE-SIG-A, HE-STF,
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and HE-LTFs which are overhead information are added to a
head of the transmission frame as a predetermined
preamble signal, and transmitted. Then, the reception
side recognizes that the transmission frame is
transmitted by detecting existence of the preamble.
[0103]

The L-STF is called a short training field in
related art (legacy short training field), is utilized as
a criterion for detection of start of the transmission
frame and time synchronization processing, and is also
utilized for estimation of a frequency error and
automatic gain control (AGC). This L-STF has a
configuration where a predetermined sequence is repeated,
and thus, the wireless communication apparatus on the
reception side can detect a start position of the
transmission frame by detecting correlation of this
sequence.

[0104]

The L-LTF is called a long training field in
related art (legacy long training field), and the L-LTF
has a configuration where a predetermined sequence is
repeated. The L-LTF is utilized for performing channel
estimation, estimation of a signal/noise (S/N), and time
and frequency synchronization.

[0105]

The L-SIG is called a signal (legacy signal) field
in related art, and is signaling information having a
configuration where rate information and length
information of a data portion are described in an
orthogonal frequency division multiplexing (OFDM) symbol
at a head.
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[0106]

The RL-SIG is information (signaling information)
set for detecting that this transmission frame is not a
frame using schemes of previous generations, but an HE-
PPDU.

[0107]

This RL-SIG and the L-SIG have completely the same
information, and, in the transmission frame, as a result
of the L-SIG and the RL-SIG being continuously arranged,
the L-SIG is repeatedly arranged.

[0108]

The wireless communication apparatus on the
reception side can specify that the transmission frame is
a transmission frame in a format of a predetermined
generation, that is, the transmission frame in a frame
format illustrating in Fig. 5 by detecting the L-SIG and
the RL-SIG which are continuously arranged.

[0109]

The HE-SIG-A is information (signaling information)
in which information for enabling application of a
spatial multiplexing technology is stored as an A filed
of a signal in a high-density system.

[0110]

While a configuration is employed where
predetermined communication is performed in accordance
with parameters included in this HE-SIG-A, and parameters
relating to the BSS Color information and Spatial Reuse
are described in the HE-SIG-A, various parameters are
included other than these as necessary.

[0111]
A portion formed with the L-SIG, the RL-SIG, and
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the HE-SIG-A in the preamble is set as the header
information.
[0112]

Further, the HE-STF is a short training field (high
efficiency short training field) in a high-density system,
and is utilized for synchronization processing and
adjustment of physical layer parameters which are
required for realizing higher density.

[0113]

The HE-LTF is a long training field (high
efficiency long training field) in a high-density system.
[0114]

This HE-LTF has a configuration where trainings of
the number corresponding to the number of spatial
multiplexed streams are stored in a case where
transmission is performed using spatial multiplexed
streams in multiple input multiple output (MIMO). That
is, a predetermined number of the HE-LTFs are arranged
after the HE-STF.

[0115]

A portion from the L-STF to the HE-LTF described
above is a preamble arranged at the head of the
transmission frame. The wireless communication apparatus
on the reception side can recognize that the transmission
frame is transmitted by detecting such a preamble portion.
[0116]

Further, Data subsequent to the preamble indicates
transmission data, and a packet extention (PE) is
arranged as necessary in a tail end of the transmission
frame, subsequent to the transmission data.

[0117]
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Note that the long training field (LTF) such as the
L-LTF and the HE-LTF may be configured with a training
sequence portion and a guard interval portion. Further,
the long training field may be configured such that one
guard interval is included in two OFDM symbols or may be
configured such that two guard intervals are included in
two OFDM symbols.

[0118]

Further, the L-SIG illustrated in Fig. 5 is
configured as illustrated in, for example, Fig. 6.

[0119]

In the example illustrated in Fig. 6, rate
information indicated by characters “RATE”, length
information indicated by characters “LENGTH”, a parity
bit indicated by a character “P”, tail bit information
indicated by characters “Tail”, and the like, are
included in the L-SIG.

[0120]

The rate information is information indicating a
rate (bit rate) of transmission data indicated by
characters “Data” illustrated in Fig. 5, and the length
information is information indicating a length of the
transmission data indicated by the characters “Data”
illustrated in Fig. 5.

[0121]

Further, the HE-SIG-A illustrated in Fig. 5 is
configured as illustrated in, for example, Fig. 7.

[0122]

In the example illustrated in Fig. 7, in the HE-
SIG-A, as typical parameters relating to the present

technology, uplink/downlink identifier information
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indicated by characters “UL/DL”, MCS parameter
information indicated by characters “MCS”, BSS Color
information indicated by characters “BSS Color”,
parameter information regarding the advanced spatial
reuse technology indicated by characters “Spatial Reuse”,
transmission frame bandwidth information indicated by
characters “Bandwidth”, parameter information of sizes of
the guard interval and the training field indicated by
characters “GI+TF Size”, spatial multiplexed stream
number information indicated by characters “Nsts”,
transmission opportunity duration information indicated
by characters “TXOP Duration”, an error-detecting code
(cyclic redundancy check (CRC)) indicated by characters
“CRC”, tail bit information indicated by characters
“Tail”, and the like, are included.

[0123]

For example, the MCS parameter is information
indicating a modulation scheme and a coding scheme of the
transmission data (transmission frame), and the BSS Color
information is information indicating a BSS (wireless
network) to which an apparatus of a transmission source
of the transmission data belongs.

[0124]

(Frame configuration example upon frame
aggregation)

Further, in a case where frame aggregation is
performed, a frame configuration of a typical
transmission frame is as illustrated in Fig. 8.

[0125]
Fig. 8 illustrates an example where four MAC layer

protocol data units (MPDUs) are aggregated (coupled) as
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one transmission frame.
[0126]

For example, in a case where each of the four MPDUs
has a length determined in advance, that is, in a case
where a length of the MPDU is a fixed length, the
transmission frame is configured as indicated with an
arrow Q31.

[0127]

In this example, a preamble indicated by characters
“Preamble” is arranged at the head of the transmission
frame, and the aggregated MPDUs indicated by characters
“MPDU-1" to “MPDU-4" are arranged after the preamble.
[0128]

In other words, the transmission frame has a
configuration where a preamble is added to a head of a
portion including a plurality of MPDUs.

[0129]

This preamble includes a predetermined legacy
training field, PHY header information, and a training
field for a predetermined spatial multiplexed stream, and
four MPDUs are synthesized with this preamble to make one
transmission frame.

[0130]

In contrast, in a case where the length of the MPDU
is a variable length, the transmission frame is
configured as indicated with an arrow Q32.

[0131]

In this example, four MPDUs indicated by characters
“MPDU-1" to “MPDU-4"” are arranged subsequent to the
preamble at the head of the aggregated transmission frame,

and delimiter information indicated by a character “D” is
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arranged immediately before each of these MPDUs. Further,
the preamble in this example has the same configuration
as the configuration in a case of the example indicated
by the arrow Q31.

[0132]

The delimiter information arranged immediately
before each MPDU includes MPDU length information
indicated by characters “MPDU Length”, and the CRC, and
the MPDU length information indicates an information
length, that is, a length of the MPDU arranged
immediately after the delimiter information.

[0133]

Further, in each MPDU, MAC header information
indicated by characters “MAC Header” is arranged at a
head portion of the MPDU. In this MAC header information,
address information indicated by characters “Address”,
and Duration information indicated by the characters
“Duration” are stored.

[0134]

Here, the address information is information
indicating a destination of the MPDU, that is, an address
identifying an apparatus of a transmission destination
(recipient) of the transmission frame, and the Duration
information is information indicating a duration of the
MPDU. That is, because communication (transmission and
reception) of the MPDU is performed only for a duration
indicated by this Duration information, the Duration
information can be said as information indicating a
transmission period of the MPDU.

[0135]
In the MPDU, a payload indicated by characters “MAC
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Data Payload”, that is, transmission data stored in the
MPDU is arranged subsequent to the MAC header information.
This payload has a variable length.

[0136]

In the MPDU, a frame check sequence (FCS) indicated
by characters “FCS” is arranged after the payload, that
is, at a tail end of the MPDU. With this frame check
sequence, the reception side of the transmission frame
can perform error detection.

[0137]

As described above, it is possible to make a
transmission frame (burst) by bundling and aggregating a
plurality of MPDUs in which transmission data having a
variable length is stored and transmit the obtained
transmission frame.

[0138]

Further, in a wireless communication system, it is
possible to divide a predetermined frequency band into a
plurality of bands as described above, and transmit a
transmission frame using these bands as one frequency
channel.

[0139]

Fig. 9 is a diagram illustrating a configuration
example of a typical transmission frame in a case where a
plurality of MPDUs, that is, MPDU data is transmitted by
utilizing a plurality of frequency channels.

[0140]

In the example illustrated in Fig. 9, some of the
plurality of MPDUs (hereinafter, also simply referred to
as MPDU-1 to MPDU-10) indicated by characters “MPDU-1" to

“MPDU-10" are mapped on respective frequency channels,
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and these MPDUs are aggregated and transmitted.
[0141]

That is, in an example indicated with an arrow Q41,
transmission data, that is, MPDU-1 to MPDU-7 are
transmitted by utilizing four frequency channels.

[0142]

Specifically, MPDU-1 is transmitted over the entire
duration of the transmission frame by utilizing a first
frequency channel. A portion formed with this MPDU-1 and
a preamble indicated by characters “Preamble” becomes a
signal of the first frequency channel in the transmission
frame.

[0143]

Further, MPDU-2 is transmitted in a period slightly
shorter than the duration of the transmission frame by
utilizing a second frequency channel. That is, in the
second frequency channel, transmission of MPDU-2 is
performed during a period from transmission start time of
the transmission frame until time slightly earlier than
time determined by the duration of the transmission frame.
[0144]

In a similar manner, MPDU-3 and MPDU-4 are
transmitted in a period slightly shorter than the
duration of the transmission frame by utilizing a third
frequency channel, and MPDU-5, MPDU-6, and MPDU-7 are
transmitted in a period slightly shorter than the
duration of the transmission frame by utilizing a fourth
frequency channel.

[0145]
Still further, as indicated with an arrow Q42,

there can be a frame configuration where a plurality of
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frequency channels is aggregated (coupled), and
transmission data is transmitted in frequency channels
with different bandwidths.

[0146]

In an example indicated with the arrow Q42, the
first and the second frequency channels in the example
indicated with the arrow Q41 are aggregated, and set as a
new broadband frequency channel.

[0147]

For example, if original bandwidths of the first
and the second frequency channels before aggregation are
20 MHz, a bandwidth of the new aggregated frequency
channel formed with the first and the second frequency
channels is 40 MHz, and bandwidths of the third and the
fourth frequency channels remain to be 20 MHz.

[0148]

In this case, while the first and the second
frequency channels are aggregated to be utilized as one
frequency channel whose bandwidth is 40 MHz, a preamble
indicated by the characters “Preamble” is added to the
transmission frame for each frequency channel before
aggregation.

[0149]

In this example, in the aggregated frequency
channel whose bandwidth is 40 MHz, subsequent to the
preamble, MPDU-1 to MPDU-4 are transmitted over the
duration of the transmission frame.

[0150]

Further, MPDU-5 to MPDU-7 are transmitted in a

period slightly shorter than the duration of the

transmission frame by utilizing the third frequency
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channel whose bandwidth is 20 MHz. Still further, MPDU-8
to MPDU-10 are transmitted in a period slightly shorter
than the duration of the transmission frame by utilizing
the fourth frequency channel whose bandwidth is 20 MHz.
[0151]

(Transmission frame configuration example in the
present technology)

By the way, as described above, in the transmission
frame configuration illustrated in Fig. 9, the wireless
communication apparatus which receives the transmission
frame from a middle of the frame cannot recognize a
duration of the transmission frame and attribute of the
transmission frame, that is, whether the signal is a
signal of the BSS or a signal of the OBSS, or the like.
[0152]

Therefore, in the present technology, in a case
where the transmission frame is transmitted by utilizing
a plurality of frequency channels, for example, as
illustrated in Fig. 10, the transmission frame
configuration is employed in which the inter-training
signal is repeatedly transmitted using the management
channel.

[0153]

In the example illustrated in Fig. 10, the
characters “Preamble” indicate a preamble, and, in this
example, the MPDUs indicated by the characters “MPDU-1"
and “MPDU-2” (hereinafter, also simply referred to as
MPDU-1 and MPDU-2) are transmitted using four frequency
channels.

[0154]

That is, in this example, transmission data, that
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is, MPDU-1 is transmitted using the first and the second
frequency channels, and MPDU-2 is transmitted using the
fourth frequency channel. Here, the first and the second
frequency channels are aggregated to make one broadband
frequency channel, and MPDU-1 is transmitted using the
frequency channel.

[0155]

Note that destinations of MPDU-1 and MPDU-2, that
is, wireless communication apparatuses which become
destinations of a signal (transmission frame) including
MPDU-1 and a signal (transmission frame) including MPDU-2
may be the same or different from each other.

[0156]

Further, in such a state, the inter-training signal
indicated by characters “InterTF” is repeatedly
transmitted over a duration of the MPDU using the third
frequency channel.

[0157]

Particularly, in this example, the third frequency
channel is utilized as the management channel, and this
third frequency channel is a channel of a narrow band
whose bandwidth is narrower than that of the broadband
channel to be used for transmission of MPDU-1. Further,
the inter-training signal is repeatedly transmitted at
predetermined time intervals in the third frequency
channel.

[0158]

Further, in the example illustrated in Fig. 10, a
predetermined preamble (preamble signal) is added to a
signal (transmission frame) to be transmitted in each

frequency channel.
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[0159]

Here, in the preamble, to maintain compatibility
with products in related art, the L-STF which is a legacy
STF, the L-LTF which is a legacy LTF, the L-SIG which is
a legacy SIGNAL, the RL-SIG which is repetition of the L-
SIG, the HE-SIG-A which is an A field of a signal in a
high-density system, the HE-STF which is an STF in a
high-density system, and the HE-LTF which is an LTF in a
high-density system are sequentially stored in line.
Particularly, the HE-LTFs of the number corresponding to
the number of signals to be synthesized in a spatial
multiplexing manner are added.

[0160]

A portion including the L-SIG, the RL-SIG, and the
HE-SIG-A among the overhead information constituting the
preamble is header information.

[0161]

Further, as the inter-training signal, the L-STF,
the L-LTF, the L-SIG, and the Inter SIG are sequentially
arranged in line from the head. That is, a signal
(information) including the L-STF, the L-LTF, the L-SIG,
and the Inter-SIG is set as the inter-training signal.
[0162]

Particularly, in this example, in the inter-
training field (inter-training signal), to maintain
compatibility with products in related art, a
configuration is employed where the Inter-SIG which is
inter-signal information is added to the L-STF which is a
legacy STF, the L-LTF which is a legacy LTF, and the L-
SIG which is a legacy SIGNAL. Here, the inter-signal

information (Inter-SIG) is information including at least
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part of information among the information included in the
header information. Further, the Inter-SIG may include
information which is not included in the header
information.

[0163]

The wireless communication apparatus 11 knows that
the L-SIG is always arranged after the L-STF and the L-
LTF which are training signals, and the RL-SIG and the
HE-SIG-A or the inter-signal information is arranged
after the L-SIG.

[0164]

Therefore, the wireless communication apparatus 11
can detect the preamble and the inter-training signal by
detecting the L-STF and the L-LTF and can read out the
header information, the inter-signal information, or the
like, included in the preamble and the inter-training
signal.

[0165]

The transmission frame including one or a plurality
of frequency channels, transmitted by the wireless
communication apparatus 11 includes a preamble signal,
transmission data (MPDU), and the inter-training signal.
Further, in the inter-training signal, part of the header
information, or the like, included in the preamble signal
of the transmission frame is stored. Therefore, it can
be said that the inter-training signal includes
information regarding the transmission data within the
same transmission frame.

[0166]
Specifically, it is assumed, for example, that the

inter-training signal, MPDU-1, and MPDU-2 are transmitted
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by the same wireless communication apparatus 11. In this
event, for example, the L-SIG and the inter-signal
information of the inter-training signal includes rate
information and length information of MPDU-1 and MPDU-2,
parameters to be applied to the spatial reuse technology,
MCS parameters, a receiving sensitivity control level, or
the like. That is, the L-SIG and the inter-signal
information of the inter-training signal include part of
the header information, or the like, within the preamble
of the transmission frame including MPDU-1 and MPDU-2.
[0167]

In this example, one frequency channel is set as
the management channel, and in the management channel,
the inter-training signal is intermittently and
repeatedly transmitted. Specifically, after one inter-
training signal is transmitted, after a section of no-
signal, that is, a section in which no signal is
transmitted is provided for the sake of expediency, the
next inter-training signal is transmitted.

[0168]

Among the wireless communication apparatuses, there
is a wireless communication apparatus which determines
that a preamble and an inter-training signal are detected
on the basis of change of a received signal level when
detecting the L-STF and the L-LTF after the section of
no-signal. Therefore, as in the example illustrated in
Fig. 10, by a section of no-signal being provided between
the inter-training signals to be transmitted, such a
wireless communication apparatus can also correctly
detect the preamble and the inter-training signal.

[0169]
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Note that, in the management channel, the inter-
training signal may be continuously transmitted without a
section of no-signal being provided, or the inter-
training signal may be transmitted at regular intervals
or at irregular intervals by a section of no-signal being
provided.

[0170]

As described above, by the inter-training signal
repeatedly including part of the header information being
repeatedly transmitted in the management channel, that is,
by the transmission frame continuously including a
plurality of inter-training signals being transmitted,
even a wireless communication apparatus which receives a
middle of the transmission frame can obtain part of the
header information, or the like.

[0171]

By this means, because the wireless communication
apparatus which receives the inter-training signal can
recognize a usage situation of the wireless transmission
path such as, for example, the duration of the
transmission frame and attribute of the transmission
frame, it is possible to perform communication more
efficiently.

[0172]

Further, in Fig. 10, an example has been described
where aggregation is performed over four frequency
channels, that is, an example where four frequency
channels are utilized. However, there may be any number
of frequency channels, and a plurality of arbitrary
frequency channels may be aggregated to be utilized as

one frequency channel. 1In this event, a bandwidth of the
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management channel is preferably equal to or narrower
than bandwidths of frequency channels in which other
transmission data (MPDU) 1is to be transmitted.

[0173]

Further, for example, as illustrated in Fig. 11, a
frequency channel to be utilized as the management
channel may be shifted (changed) over time.

[0174]

Note that, in Fig. 11, the characters “Preamble”
indicate the preamble, and characters “MPDU-1"” to “MPDU-
12” indicate the MPDUs. Further, characters “InterTF”
indicate the inter-training signal. In the following
description, the MPDUs indicated by the respective
characters “MPDU-1"” to “MPDU-12"” will be also simply
referred to as MPDU-1 to MPDU-12.

[0175]

In the example illustrated in Fig. 11, the
transmission frame including the MPDUs and the inter-
training signal is transmitted using four frequency
channels.

[0176]

Specifically, in an example indicated with an arrow
051, MPDU-1 is transmitted using a first frequency
channel, and MPDU-4 is transmitted using a fourth
frequency channel. Particularly, MPDU-1 is transmitted
over the entire duration of the transmission frame in the
first frequency channel.

[0177]

Further, in such a state, in the second frequency

channel, MPDU-2 is transmitted in a first half of the

transmission frame, and the inter-training signal is
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intermittently and repeatedly transmitted in a last half
of the transmission frame.
[0178]

Still further, in the third frequency channel, the
inter-training signal is intermittently and repeatedly
transmitted in the first half of the transmission frame,
and MPDU-3 is transmitted in the last half of the
transmission frame.

[0179]

Therefore, in this example, the third frequency
channel is set as the management channel in the first
half of the transmission frame, and the inter-training
signal is repeatedly transmitted in the third frequency
channel. In this event, in the second frequency channel
which is not set as the management channel, MPDU-2 which
is transmission data is transmitted.

[0180]

Further, in the last half of the transmission frame,
the management channel is switched (shifted) from the
third frequency channel to the second frequency channel,
and the inter-training signal is repeatedly transmitted
in the second frequency channel. In this event, in the
third frequency channel which is no longer the management
channel, MPDU-3 is transmitted.

[0181]

In a case where the frequency channel which is set
as the management channel is shifted over time, the
frequency channel which is set as the management channel
at a certain timing has a section in which the inter-
training signal is transmitted and a section in which the

MPDU is transmitted. That is, the inter-training signal
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is transmitted at a timing before transmission or after
transmission of the MPDU.
[0182]

In this manner, by shifting the frequency channel
(frequency band) which is set as the management channel,
it is possible to notify more wireless communication
apparatuses of a usage situation of the wireless
transmission path.

[0183]

It is, for example, assumed that there is a
wireless communication apparatus which cannot receive a
signal in the third frequency channel but can receive a
signal in the second frequency channel.

[0184]

In this case, such a wireless communication
apparatus cannot receive the inter-training signal
included in the third frequency channel which is set as
the management channel in the first half of the
transmission frame. However, at a timing at which the
last half of the transmission frame is transmitted,
because the wireless communication apparatus can receive
a signal in the second frequency channel which is set as
the management channel, that is, the inter-training
signal, the wireless communication apparatus can
recognize the usage situation of the wireless
transmission path.

[0185]

Further, in an example indicated with an arrow Q52,
all the frequency channels in which the MPDU which is
data is transmitted are utilized as the management

channel, and the inter-training signal is distributed in
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a time direction and transmitted using these frequency
channels.
[0186]

That is, in this example, it is assumed that four
frequency channels are sequentially utilized as the
management channel.

[0187]

Specifically, at a first timing, the third
frequency channel is set as the management channel, and
the inter-training signal is transmitted in the third
frequency channel, and, at the next timing, the inter-
training signal is transmitted in the second frequency
channel.

[0188]

Further, at the subsequent timing, the inter-
training signal is transmitted in the first frequency
channel, and, at the last timing, the inter-training
signal is transmitted in the fourth frequency channel.
[0189]

Therefore, in the first frequency channel, MPDU-1
is transmitted immediately after transmission of the
transmission frame is started, and, thereafter, when the
first frequency channel becomes the management channel,
the inter-training signal is repeatedly transmitted, and
further thereafter, when the first frequency channel is
no longer the management channel, MPDU-5 is transmitted.
[0190]

Further, in the second frequency channel, after
MPDU-2 is transmitted, the second frequency channel is
set as the management channel, and the inter-training

signal is repeatedly transmitted, and thereafter, when
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the second frequency channel is no longer the management
channel, MPDU-6 is transmitted. In the third frequency
channel, the third frequency channel is set as the
management channel immediately after transmission of the
transmission frame is started, and the inter-training
signal is transmitted, and thereafter, when the third
frequency channel is no longer the management channel,
MPDU-3 1is transmitted.

[0191]

Still further, in the fourth frequency channel,
when MPDU-4 and MPDU-7 are sequentially transmitted,
thereafter, the fourth frequency channel is set as the
management channel, and the inter-training signal is
repeatedly transmitted until a timing of completion of
transmission of the transmission frame.

[0192]

That is, in this example, from a timing of the head
of the transmission frame until a timing of completion of
transmission of the transmission frame, the respective
frequency channels of the third frequency channel, the
second frequency channel, the first frequency channel,
and the fourth frequency channel are sequentially
utilized as the management channel. Then, the inter-
training signal is transmitted in these management
channels.

[0193]

Further, in an example indicated with an arrow Q53,
while a plurality of frequency channels is utilized as
the management channel, the MPDU is configured by
utilizing a plurality of frequency channels in some

sections. That is, a plurality of frequency channels is
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bundled and utilized as a broadband frequency channel.
Further, the inter-training signal is transmitted in
individual frequency channels between the MPDUs in the
plurality of frequency channels.

[0194]

Specifically, in this example, subsequent to a
predetermined preamble, MPDU-1 is transmitted by
utilizing four frequency channels of the first to the
fourth frequency channels which are aggregated to be
utilized as one broadband frequency channel. That is,
MPDU-1 is transmitted using the first to the fourth
frequency channels.

[0195]

When MPDU-1 is transmitted, in a state where MPDU-2
is being transmitted using the second to the fourth
frequency channels, the first frequency channel is
utilized as the management channel, and the inter-
training signal is repeatedly transmitted in the first
frequency channel.

[0196]

Further, thereafter, MPDU-5 is transmitted using
the first frequency channel, MPDU-3 is transmitted using
the third and the fourth frequency channels, and the
inter-training signal is repeatedly transmitted using the
second frequency channel as the management channel.

[0197]

Further, at a timing at which transmission of MPDU-
3 is completed, MPDU-5 is continuously transmitted in the
first frequency channel, and, when transmission of MPDU-5
is completed, thereafter, MPDU-7 is transmitted in the

first frequency channel.
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[0198]

Further, at a timing at which transmission of MPDU-
3 is completed, MPDU-6 is transmitted in the second
frequency channel, MPDU-4 is transmitted in the fourth
frequency channel, and the inter-training signal 1is
repeatedly transmitted using the third frequency channel
as the management channel. Note that it is also possible
to prevent the inter-training signal from being
transmitted in some sections such as a section in a tail
end portion of the transmission frame.

[0199]

Also in the example indicated with the arrow Q53,
the management channel is shifted sequentially from the
first frequency channel to the second frequency channel
and, then, the third frequency channel.

[0200]

Further, as indicated with an arrow Q54, a
plurality of sections of the transmission frame, which is
different from each other may be utilized as the
management channel in one frequency channel.

[0201]

In this example, subsequent to the preamble,
respective MPDU-1 to MPDU-4 are transmitted respectively
in the first to the fourth frequency channels.

[0202]

Further, when transmission of MPDU-1 is completed,
the first frequency channel is set as the management
channel, and the inter-training signal is transmitted in
the first frequency channel.

[0203]

Then, because transmission of MPDU-2 is completed
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at a timing at which transmission of this inter-training
signal is completed, the second frequency channel is set
as the management channel, and the inter-training signal
is transmitted in the second frequency channel. In this
event, transmission of MPDU-5 is started in the first
frequency channel.

[0204]

In addition, because transmission of MPDU-3 is
completed at a timing at which transmission of the inter-
training signal in the second frequency channel is
completed, the third frequency channel is set as the
management channel, and the inter-training signal is
transmitted in the third frequency channel. 1In this
event, transmission of MPDU-6 is started in the second
frequency channel.

[0205]

Further, because transmission of MPDU-5 is
completed at a timing at which transmission of the inter-
training signal in the third frequency channel is
completed, the first frequency channel is set as the
management channel, and the inter-training signal is
transmitted in the first frequency channel. 1In this
event, transmission of MPDU-7 is started in the third
frequency channel, and, when transmission of MPDU-4 is
completed during transmission of the inter-training
signal in the first frequency channel, transmission of
MPDU-8 is started in the fourth frequency channel.

[0206]

Because transmission of MPDU-6 is completed at the

time when transmission of the inter-training signal in

the first frequency channel is completed, the second
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frequency channel is set as the management channel, and
the inter-training signal is transmitted in the second
frequency channel. In this event, transmission of MPDU-9
is started in the first frequency channel.

[0207]

Further, because transmission of MPDU-7 is
completed at a timing at which transmission of the inter-
training signal in the second frequency channel is
completed, the third frequency channel is set as the
management channel, and the inter-training signal is
transmitted in the third frequency channel. 1In this
event, transmission of MPDU-10 is started in the second
frequency channel.

[0208]

Further, when transmission of MPDU-8 is completed
in the fourth frequency channel, transmission of MPDU-12
is started subsequent to the transmission of MPDU-8, and,
when transmission of the inter-training signal in the
third frequency channel is completed, MPDU-11 is
transmitted in the third frequency channel thereafter.
[0209]

In this example, for the entire frequency band, the
first to the third frequency channels are sequentially
and repeatedly set as the management channel. That is,
when the third frequency channel is set as the management
channel, the first frequency channel is set as the
management channel again thereafter.

[0210]

Further, when, for example, attention is focused on

the first frequency channel, a state where the first

frequency channel is the management channel and a state
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where the first frequency channel is not the management
channel are alternately repeated, such that the first
frequency channel is set as the management channel after
MPDU-1 is transmitted, and further, thereafter, the first
frequency channel is no longer the management channel
again, and MPDU-5 is transmitted. That is, the inter-
training signal is transmitted in the first frequency
channel at a timing before transmission data (MPDU) is
transmitted and at a timing after the transmission data
is transmitted.

[0211]

As described above, there are various kinds of
variation in a transmission method of the inter-training
signal, that is, a selection method of the management
channel. Any transmission pattern of the inter-training
signal may be employed if a plurality of inter-training
signals 1is transmitted at regular intervals or irregular
intervals when viewed in a time direction.

[0212]

That is, a plurality of inter-training signals 1is
transmitted at regular intervals or at irregular
intervals when viewed in a time direction, and, at each
timing at which the inter-training signal is transmitted,
it is only necessary that the inter-training signal is
transmitted using at least one frequency channel among
one or a plurality of frequency channels.

[0213]

For example, when attention is focused on one
wireless communication apparatus 11, at the wireless
communication apparatus 11, the MPDU in which

transmission data is stored is transmitted after the
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preamble signal is transmitted in at least one or more
frequency channels among a plurality of frequency
channels. Further, at the wireless communication
apparatus 11, during transmission of the transmission
data, that is, during a transmission period, one or a
plurality of frequency channels among the above-described
plurality of frequency channels is set as the management
channel, and a plurality of inter-training signals is
transmitted by utilizing the management channel after
transmission of the preamble signal.

[0214]

Note that, because the inter-training signal is
repeatedly transmitted, a bandwidth of the management
channel to be used for transmission of the inter-training
signal may be equal to or less than the bandwidth of the
frequency channel in which MPDU which is transmission
data is transmitted.

[0215]

(Configuration example of inter-signal information)

A configuration example of inter-signal information
(Inter-SIG) constituting the inter-training signal, to
which the present technology is applied, will be
described next.

[0216]

For example, the inter-signal information is
configured as illustrated in Fig. 12.

[0217]

In the example illustrated in Fig. 12, the inter-
signal information includes a portion configured with the
same signal as a signal of the signal information (L-SIG)

in related art indicated with an arrow Q61, a portion of
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Inter-SIG 1 indicated with an arrow Q62, and a portion of
Inter-SIG 2 indicated with an arrow Q63. Note that the
configuration of the inter-signal information is not
limited to the configuration illustrated in Fig. 12, and
may be any configuration.

[0218]

A portion of the signal information (L-SIG)
indicated with the arrow Q61 may have the same
configuration as bit arrangement in, for example, the
legacy L-SIG in related art. Here, bit arrangement of
the portion of the signal information indicated with the
arrow Q61 is the same as the bit arrangement of the
legacy L-SIG.

[0219]

That is, a portion of the signal information (L-
SIG) indicated with the arrow Q61 includes rate
information (Rate) indicating a rate of the transmission
data, Reserved (R) which is a Reserved region, length
information (Length) indicating Remaining Duration which
is a remaining period of this transmission frame, and
information such as parity (P).

[0220]

Particularly, the length information is information
regarding a transmission period of the transmission data,
that is, a transmission period of a transmission frame
including transmission data and the inter-training signal
to be transmitted by one wireless communication apparatus.
Therefore, it is possible to set network allocation
vector (NAV) information which is a period during which
transmission of an own signal is inhibited on the basis

of this length information.
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[0221]

Further, a portion of Inter-SIG 1 indicated with
the arrow Q62 includes channel map information indicated
by characters “Using Frequency Channel Map”, BSS Color
information indicated by characters “BSS Color”, a
transmission power control level indicated by characters
“TPC Level”, parameters to be applied to a spatial reuse
technology indicated by characters “Spatial Reuse”, and
information indicating a modulation scheme and a coding
scheme of the transmission frame (coding and modulation
scheme information), indicated by characters “MCS”.
[0222]

The channel map information is information
regarding a frequency channel to be utilized for
transmission of the transmission data (MPDU). More
specifically, the channel map information is information
indicating mapping of frequency channels to be utilized
for a series of data transmission, that is, information
indicating a usage situation of the wireless transmission
path such as information indicating what kind of
frequency channels exist and what kind of transmission
data 1is transmitted in each frequency channel. Therefore,
by referring to this channel map information, each
wireless communication apparatus can recognize the usage
situation of the wireless transmission path (frequency
band) such as what kind of frequency channels exist and
whether transmission data is transmitted in each
frequency channel.

[0223]
Further, the BSS Color information is information

for identifying a BSS to which an apparatus which
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transmits the inter-training signal including this inter-
signal information, that is, an apparatus of a
transmission source of the signal belongs, and the
transmission power control level (TPC Level) is
transmission power information indicating transmission
power of the transmission frame.

[0224]

Note that, among the portion of the Inter-SIG 1
indicated with the arrow Q62, for example, the BSS Color
information and parameters (Spatial Reuse) to be applied
to the spatial reuse technology, information (MCS)
indicating a modulation scheme and the coding scheme, and
the like, are header information of the preamble, more
particularly, information included in the HE-SIG-A.
[0225]

Further, a portion of the Inter-SIG 2 indicated
with the arrow Q63 includes a receiving sensitivity
control level (DSC Level) which is receiving sensitivity
information indicating receiving sensitivity of the
transmission frame, information of part of an address
indicating a wireless communication apparatus which is a
transmission source or a recipient of the transmission
frame (AID12), an error detection code (CRC) of the
inter-signal information, a Tail bit indicating an end,
and the like.

[0226]

Note that information (parameters) described in the
inter-signal information is not limited to the
information illustrated in Fig. 12, and may be any other
information. That is, further other information may be

added to the information illustrated in Fig. 12, or part
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of the information may be deleted from the information
illustrated in Fig. 12. Specifically, in addition to the
information illustrated in, for example, Fig. 12, further,
an identifier indicating a frame type (type) of the
transmission frame such as a management frame for
controlling a frame, or the like, in which the inter-
training signal is transmitted and an action frame for
exchanging parameters may be included in the inter-signal
information.

[0227]

(Improvement of communication efficiency by the
present technology)

By the way, in a case where transmission of the
inter-training signal is not performed as in the present
technology, if a portion of the header information of the
transmission frame cannot be correctly received,
transmission efficiency degrades due to retransmission of
the transmission frame.

[0228]

Specifically, it is assumed, for example, that the
access point APl illustrated in Fig. 1 transmits a
transmission frame to the wireless communication
apparatus STAO, and the access point AP2 illustrated in
Fig. 1 transmits the transmission frame to the wireless
communication apparatus STA2 at the same time.

[0229]

Here, the transmission frames to be transmitted by
the access point APl and the access point AP2 are frames
having a typical configuration into which the inter-
training signal is not inserted.

[0230]
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In such a case, for example, as illustrated in Fig.
13, if the header information of the transmission frame
cannot be correctly received, transmission efficiency
(communication efficiency) degrades due to retransmission
of the transmission frame.

[0231]

In the example illustrated in Fig. 13, in the
middle of transmission of a transmission frame FL31
addressed to the wireless communication apparatus STAO by
the access point APl of the own BSS1, the access point
AP2 of the OBSS2 transmits a transmission frame FL32
addressed to the wireless communication apparatus STAZ2.
[0232]

Here, because the wireless communication apparatus
STAO can correctly receive the transmission frame FL31,
the wireless communication apparatus STAO transmits an
ACK frame FL33 indicating that the transmission frame
FL31 can be received, to the access point APl.

[0233]

However, interference (collision) occurs by this
ACK frame FL33, and the wireless communication apparatus
STA2 cannot correctly receive the transmission frame FL32,
which results in a state where a communication error
occurs. The wireless communication apparatus STA2
transmits an ACK frame FL34 indicating only the MPDU of
the transmission frame FL32, which can be correctly
received, to the access point AP2.

[0234]

Further, while a transmission frame FL35 addressed

to the wireless communication apparatus STAO is

transmitted from the access point APl at a transmission
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timing of the ACK frame FL34, a communication error
occurs at the wireless communication apparatus STAO due
to interference of this transmission frame FL35 and the
ACK frame FL34. That is, at the wireless communication
apparatus STAO, the transmission frame FL35 cannot be
correctly received. The wireless communication apparatus
STAO transmits the ACK frame FL36 indicating only the
MPDU of the transmission frame FL35, which can be
correctly received, to the access point APIl.

[0235]

Further, while the access point AP2 retransmits a
transmission frame FL37 corresponding to the MPDU of the
transmission frame FL32, which cannot be correctly
received, in response to the ACK frame FL34, a
communication error occurs at the wireless communication
apparatus STA2 due to interference of this transmission
frame FL37 and the ACK frame FL36. That is, at the
wireless communication apparatus STA2, the transmission
frame FL37 cannot be correctly received.

[0236]

In this manner, in the example illustrated in Fig.
13, in the middle of communication from the access point
APl of the BSS1 to the wireless communication apparatus
STAQ, communication from the access point AP2 of the
nearby OBSS2 to the wireless communication apparatus STA2
is also performed. Further, while communication errors
occur by each other's ACK frames of the communication,
because transmission power control is not performed upon
retransmission of the transmission frame thereafter,
collision of signals repeatedly occurs, which degrades

communication efficiency.
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[0237]

In a transmission frame having a typical
configuration, the BSS Color information for identifying
the BSS, a transmission power control level (TPC Level),
and parameters (Spatial Reuse) to be applied to the
advanced spatial reuse technology cannot be obtained in
the middle of the transmission frame. Therefore, in a
case where collision of signals occurs, upon
retransmission and upon return of the ACK frame,
transmission power control cannot be performed, and there
is a case where collision of signals repeatedly occurs.
[0238]

In contrast, it is assumed, for example, that the
access point APl illustrated in Fig. 1 transmits a
transmission frame to the wireless communication
apparatus STAO, and the access point AP2 illustrated in
Fig. 1 transmits the transmission frame to the wireless
communication apparatus STAZ at the same time.

[0239]

In such a case, in the present technology, the
inter-training signal illustrated in Fig. 10 and Fig. 11
is included in at least one of signals of the respective
frequency channels of the transmission frame. In such a
state, by performing transmission power control of the
transmission frame using information obtained from the
inter-training signal and transmitting signals
(transmission frame) using advanced spatial reuse, it is
possible to suppress occurrence of collision of signals,
so that it is possible to perform communication more
efficiently.

[0240]
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(Explanation of transmission processing)

Subsequently, operation of the wireless
communication apparatus 11 will be described.
[0241]

First, transmission processing to be performed when
the wireless communication apparatus 11 transmits a
transmission frame will be described. That is,
transmission processing by the wireless communication
apparatus 11 will be described below with reference to
the flowchart in Fig. 14.

[0242]

In step S11, the interface 51 receives supply of
transmission data from the equipment control unit 23.
[0243]

For example, in a case where the wireless
communication apparatus 11 transmits transmission data to
other wireless communication apparatuses, transmission
data input by an application program, or the like, is
supplied from the equipment control unit 23 to the
transmission buffer 52 via the interface 51 of the
wireless communication module 25.

[0244]

In step S12, the network managing unit 53 acquires
information regarding the wireless communication
apparatus on a reception side.

[0245]

For example, in a case where the transmission data
is supplied to the transmission buffer 52, at the same
time, destination information indicating a destination of
the transmission data, communication partner information

regarding a communication partner of the wireless
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communication apparatus 11, data format information
indicating a data format of the transmission data, and
the like, are supplied from the equipment control unit 23
to the network managing unit 53 via the interface 51.
[0246]

Note that the communication partner information is
information regarding the wireless communication
apparatus which is a destination of the transmission data,
and, for example, it can be specified from the
communication partner information what kind of
configuration of the transmission frame, such as a
transmission frame having the configuration illustrated
in Fig 10, can be received by the wireless communication
apparatus which becomes a communication partner.

[0247]

The network managing unit 53 acquires the
destination information, the communication partner
information, and the data format information supplied in
this manner, and supplies these kinds of information to
the transmission frame constructing unit 54 and the
wireless communication control unit 55 as necessary.
Further, the wireless communication control unit 55
supplies necessary information to the header information
generating unit 56, the preamble generating unit 57, the
inter-training generating unit 58, the transmission power
control unit 59, and the like, on the basis of the
destination information, the communication partner
information, and the data format information supplied
from the network managing unit 53.

[0248]

The transmission frame constructing unit 54
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constructs (generates) data in a unit of MPDU
(hereinafter, also referred to as MPDU data) from the
transmission data held in the transmission buffer 52
using the information supplied from the network managing
unit 53 as necessary and supplies the MPDU data to the
wireless transmission processing unit 60. That is, the
transmission data is stored in the MPDU and supplied to
the wireless transmission processing unit 60.

[0249]

In this event, for example, the transmission frame
constructing unit 54 generates MAC header information of
the head of the MPDU data on the basis of the destination
information and the data format information supplied from
the network managing unit 53. Specifically, for example,
address information included in the MAC header
information is generated on the basis of the destination
information.

[0250]

These kinds of MPDU data correspond to MPDU-1 and
MPDU-2 illustrated in, for example, Fig. 10 and Fig. 11.
Note that the transmission frame constructing unit 54
also generates delimiter information as necessary as well
as the MPDU data and supplies the delimiter information
to the wireless transmission processing unit 60.

[0251]

In step S13, the wireless communication control
unit 55 acquires information regarding a frequency
channel which can be utilized for wireless communication.
[0252]

For example, the wireless communication control

unit 55 acquires bandwidth information indicating a
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bandwidth of the received frame and spatial multiplexed
stream number information, supplied from the header
information analyzing unit 67, and information for
generating channel map information supplied from the
network managing unit 53, as information regarding a
frequency channel which can be utilized for wireless
communication. Here, the bandwidth information and the
spatial multiplexed stream number information of the

received frame are read out from the preamble of the

received frame detected at the preamble detecting unit 66.

[0253]

In addition, for example, in a case where the

inter-training signal is detected from the received frame,

the channel map information, or the like, read out from
the inter-training signal may be acquired as the
information regarding the frequency channel which can be
utilized for wireless communication.
[0254]

For example, the wireless communication control
unit 55 can specify a usage situation of the wireless
transmission path (frequency band) such as what kind of

frequency channel exists as the frequency band (frequency

channel) which can be utilized for wireless communication,

and which frequency channel is available, that is, an
available channel which is not used for transmission of
the transmission frame, by referring to the channel map
information, or the like.
[0255]

Therefore, the wireless communication control unit
55 can specify available channels which are frequency

channels which can be utilized by the own apparatus from
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the channel map information, or the like, and can control
transmission of the own signal (transmission frame) by
utilizing some of the specified available channels.

[0256]

In step S14, the wireless communication control
unit 55 determines whether or not there is a frequency
channel (band) which is an available channel among the
frequency bands of the wireless transmission path on the
basis of the information regarding the frequency channel
which can be utilized, acquired in the processing in step
S13.

[0257]

In a case where it is determined in step S14 that
there is no available channel, because all frequency
channels are utilized, and the own transmission frame
cannot be transmitted, the processing returns to step S13,
and the above-described processing is repeatedly
performed.

[0258]

In contrast, in a case where it is determined in
step S14 that there is an available channel, in step S15,
the wireless communication control unit 55 sets a channel
width to be utilized and a channel of the transmission
frame.

[0259]

That is, the wireless communication control unit 55
selects a frequency channel to be utilized for
transmission of the transmission frame, that is, a
frequency channel to be utilized by the own apparatus,
among the available channels. Further, the wireless

communication control unit 55 sets a bandwidth to be
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utilized for transmission of the transmission frame, that
is, whether or not to bundle frequency channels, how many
frequency channels should be bundled, and the like.

[0260]

For example, here, a channel width (bandwidth) and
a frequency channel to be utilized for transmission of
the transmission frame are determined from a transmission
destination of the transmission frame, that is,
combination of a frequency channel which can be utilized
by the wireless communication apparatus which receives
the transmission frame, and a frequency channel which is
not utilized by other wireless communication apparatuses
at the present moment, in accordance with predetermined
algorithm.

[0261]

By this means, for example, as in the example
illustrated in Fig. 10 and Fig. 11, which frequency
channel is utilized and how the frequency channel is used
are determined such as two frequency channels whose
bandwidths are 20 MHz being bundled to be utilized as one
broadband channel whose bandwidth is 40 MHz.

[0262]

In step S16, the header information generating unit
56 sets parameters of the header information on the basis
of the information supplied from the transmission frame
constructing unit 54, the information supplied from the
wireless communication control unit 55, or the like.
[0263]

That is, the header information generating unit 56
generates the L-SIG having the configuration illustrated

in, for example, Fig. 6, copies the L-SIG to be set as an
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RL-SIG, and, further, generates an HE-SIG-A having the
configuration illustrated in, for example, Fig. 7, and
supplies these kinds of information to the preamble
generating unit 57. Further, the header information
generating unit 56 generates information such as the L-
STF, the L-LTF, the HE-STF, and the HE-LTF on the basis
of the information supplied from the wireless
communication control unit 55, or the like, and supplies
these kinds of information to the preamble generating
unit 57.

[0264]

Then, the preamble generating unit 57 generates a
preamble for each frequency channel to be utilized for
transmission of the transmission frame using the
information supplied from the wireless communication
control unit 55 as necessary as well as the information
supplied from the header information generating unit 56,
and supplies the preamble to the wireless transmission
processing unit 60. By this means, the preamble
(preamble signal) having the configuration illustrated in
Fig. 10 in which, for example, the L-STF, the L-LTF, the
L-SIG, the RL-SIG, the HE-SIG-A, the HE-STF, and a

predetermined number of HE-LTFs are sequentially arranged,

is generated.
[0265]

Further, the preamble generating unit 57 supplies
part or all of the information used for generation of the
preamble to the inter-training generating unit 58.
[0266]

In step S17, the wireless communication control

unit 55 determines whether or not to transmit the inter-
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training signal.
[0267]

For example, in a case where an OBSS which overlaps
with the own BSS exists around the apparatus from the BSS
Color information, or the like, included in the header
information of the received frame supplied from the
header information analyzing unit 67, that is, in a case
where a received frame of the OBSS is detected, the
wireless communication control unit 55 determines to
transmit the inter-training signal.

[0268]

Further, for example, it is also possible to
determine to transmit the inter-training signal in a case
where transmission data (MPDU) is transmitted in a
plurality of frequency channels, that is, in a case where
a plurality of frequency channels is utilized by the
wireless communication apparatus 11 itself, or the
wireless communication apparatus 11 and other wireless
communication apparatuses. In this event, examples of a
situation where a plurality of frequency channels 1is
utilized can include a case where, for example, each
piece of transmission data (MPDU) is transmitted by each
of the plurality of frequency channels, a case where the
plurality of frequency channels is bundled to be set as
one broadband frequency channel, and the transmission
data is transmitted in the one broadband frequency
channel.

[0269]

In a case where it is determined in step S17 not to

transmit the inter-training signal, the processing from

steps S18 to S20 is skipped, and the processing proceeds
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to step S21.
[0270]

In contrast, in a case where it is determined in
step S17 to transmit the inter-training signal, in step
S18, the wireless communication control unit 55 sets a
frequency channel to be utilized for transmission of the
inter-training signal.

[0271]

For example, the wireless communication control
unit 55 selects at least one of the frequency channels
which are determined as available channels as a result of
the processing in step S14, as a frequency channel to be
utilized for transmission of the inter-training signal,
that is, the management channel while the setting result
in step S15 is taken into account. In this event, for
example, as illustrated in Fig. 11, in a case where the
management channel is switched over time, a plurality of
frequency channels is selected as the management channel.
[0272]

In step S19, the inter-training generating unit 58
sets parameters (information) included in the inter-
signal information (Inter-SIG) in accordance with control
by the wireless communication control unit 55. That is,
for example, what kind of parameters such as various
kinds of parameters (information) illustrated in Fig. 12
is included in the inter-signal information, is
determined.

[0273]

In step S20, the inter-training generating unit 58

sets a transmission interval and a transmission pattern

of the inter-training signal in accordance with control
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by the wireless communication control unit 55.
[0274]

That is, the inter-training generating unit 58
determines a length of a period from when a predetermined
inter-training signal is transmitted until the next
inter-training signal is transmitted as the transmission
interval. Here, the transmission interval may be changed
over time. That is, the inter-training signal may be
transmitted at irregular intervals.

[0275]

Further, as in the example illustrated in, for
example, Fig. 11, in a case where the management channel
is changed over time, the inter-training generating unit
58 determines a pattern of the change as the transmission
pattern while the setting result in step S15 is taken
into account.

[0276]

In a case where the processing in step S20 is
performed, or in a case where it is determined in step
S17 not to transmit the inter-training signal, processing
in step S21 is performed.

[0277]

In step S21, the transmission power control unit 59
determines whether or not to adjust transmission power on
the basis of received power of the received frame
received by the wireless communication apparatus 11,
supplied from the wireless reception processing unit 63
via the detection threshold control unit 64, the BSS
Color information read out from the preamble, or the like,
of the received frame, or the like. That is, it is

determined whether or not it is necessary to adjust
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transmission power of the transmission frame.
[0278]

Specifically, for example, in a case where a
received frame of the OBSS whose received power is equal
to or greater than predetermined received power is
detected, it is determined that it is necessary to adjust
transmission power of the transmission frame.

[0279]

In step S21, in a case where it is determined not
to adjust the transmission power, processing in step S22
is not performed, and, thereafter, the processing
proceeds to step S23. In this case, for example, the
transmission frame is transmitted at transmission power,
or the like, indicated by a transmission power value
determined in advance.

[0280]

In contrast, in a case where it is determined in
step S21 to adjust the transmission power, in step S22,
the transmission power control unit 59 controls (adjusts)
transmission power of the transmission frame by setting a
transmission power value of the transmission frame.

[0281]

For example, the transmission power control unit 59
determines the transmission power of the transmission
frame on the basis of the received power, or the like, of
the received frame received by the wireless communication
apparatus 11, supplied from the wireless reception
processing unit 63 via the detection threshold control
unit 64. Here, the received power of the received frame
is received power indicated by, for example, received

field strength information obtained in step S61 in Fig.
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15 which will be described later.
[0282]

In addition, for example, the transmission power of
the transmission frame may be determined on the basis of
the BSS Color information, the transmission power control
level (TPC Level), the receiving sensitivity control
level (DSC Level), or the like, read out from the inter-
training signal of the received frame.

[0283]

In this case, for example, it is possible to set
the transmission power of the own transmission frame so
as not to affect the communication in the OBSS, from the
BSS to which the apparatus of the transmission source of
the received frame indicated by the BSS Color information
belongs and the received power of the received frame.
[0284]

In a case where the transmission power value is set
in the processing in step S22 or it is determined in step
S21 not to adjust the transmission power, the processing
in step S23 is performed.

[0285]

That is, in step S23, the wireless communication
control unit 55 acquires NAV information indicating a
period during which transmission of a signal for the own
BSS is inhibited, that is, a period during which the
transmission frame cannot be transmitted.

[0286]

Specifically, in a case where the transmission
frame transmitted from other wireless communication
apparatuses is received as the received frame at the

wireless communication apparatus 11, it is possible to
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obtain the BSS Color information stored in the preamble
and the inter-training signal of the received frame.
[0287]

That is, the wireless communication control unit 55
can specify whether the received frame is a signal of the
BSS or a signal of the OBSS from the BSS Color
information stored in the header information or the
inter-signal information, supplied from the header
information analyzing unit 67.

[0288]

Further, when the received frame is a signal of the
BSS, the wireless communication control unit 55 can
specify a timing at which transmission of the MPDU data,
that is, the received frame is completed, and, further a
timing for receiving an ACK frame, from the Duration
information stored in the MAC header information of the
MPDU data extracted from the received frame and supplied
from the received data constructing unit 68 wvia the
network managing unit 53.

[0289]

On the basis of a result of specifying a timing at
which transmission of the received frame is completed,
the wireless communication control unit 55 generates NAV
information indicating a period required to enable the
own apparatus to start transmitting the transmission
frame after the timing from the current time, as NAV
information of the own BSS. Such NAV information can be
said as information indicating a communication situation
in the BSS.

[0290]

Note that it is also possible to reset the NAV
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information every time the MPDU data is newly received.
Further, length information, or the like, extracted from
the header information and the inter-training signal of
the received frame may be used for generation of the NAV
information.

[0291]

Here, a value of the NAV information of the BSS is
decremented by one every time a predetermined time period
elapses, and, when the value of the NAV information
becomes 0, it becomes possible to transmit the own
transmission frame.

[0292]

In step S24, the wireless communication control
unit 55 determines whether or not to transmit the
transmission frame using advanced spatial reuse.

[0293]

In a case where it is determined in step S24 to
transmit the transmission frame using advanced spatial
reuse, in step S25, the wireless communication control
unit 55 acquires the NAV information of the OBSS.

[0294]

That is, the wireless communication control unit 55
generates the NAV information of the OBSS from the length
information, the Duration information, or the like,
obtained from the preamble, the inter-training signal, or
the like, of the received frame which is determined as a
signal of the OBSS in a similar manner to upon
acquisition of the NAV information of the BSS in step S23.
If the NAV information of the OBSS can be obtained,
thereafter, the processing proceeds to step S26.

[0295]
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In this manner, the wireless communication
apparatus 11 can efficiently perform communication using
advanced spatial reuse by specifying whether the received
frame is a signal of the BSS or the OBSS, or the like, by
acquiring the BSS Color information from the received
frame and obtaining the NAV information of the BSS and
the OBSS.

[0296]

In the present technology, because the BSS Color
information specifying the BSS and the OBSS is also
stored in the inter-training signal as well as in the
preamble, even if reception is performed in the middle of
the received frame, it is possible to specify whether the
received frame is a signal of the BSS or a signal of the
OBSS.

[0297]

Therefore, the wireless communication control unit
55 can obtain NAV information indicating a communication
situation of each of the wireless networks concerning the
BSS and each OBSS. In other words, the wireless
communication control unit 55 can individually manage
communication situations of the wireless networks for
each of the wireless networks using the NAV information,
that is, on the basis of the BSS Color information, the
length information, and the Duration information.

[0298]

Note that, in step S25, the NAV information of the
OBSS may be generated only in a case where the wireless
communication apparatus 11 is in a dense environment
where a number of wireless communication apparatuses

exist around the wireless communication apparatus 11, and
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it is predicted that traffic becomes crowded.
[0299]

Meanwhile, in a case where it is determined in step
S24 not to transmit the transmission frame using the
advanced spatial reuse, the processing thereafter
proceeds to step S26.

[0300]

If it is determined in step S24 not to transmit the
transmission frame using the advanced spatial reuse, or
processing in step S25 is performed, processing in step
S26 is performed.

[0301]

That is, in step S26, the wireless communication
control unit 55 determines whether or not transmission
right of the transmission frame is acquired on the basis
of the NAV information.

[0302]

Basically, if, for example, values of all the NAV
information on the wireless transmission path become O,
and a signal having received power equal to or greater
than a threshold of predetermined received field strength
(received power) is not detected during an inter-frame
space period, it is determined that transmission right is
acquired.

[0303]

Further, for example, in a case where the
transmission frame is transmitted using the advanced
spatial reuse, even if a value of the NAV information of
the OBSS is not 0, if the value of the NAV information of
the BSS is 0, and it is possible to transmit the

transmission frame without affecting the OBSS, it may be
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determined that the transmission right is acquired.
[0304]

Specifically, it is, for example, assumed that the
received frame received by the wireless communication
apparatus 11 is a signal of the OBSS, and the received
power 1s equal to or less than predetermined power. In
this case, the wireless communication control unit 55
determines that the transmission right of the
transmission frame is acquired, and controls transmission
of the transmission frame by the wireless transmission
processing unit 60 so that the transmission frame is
transmitted at transmission power determined by the
transmission power control unit 59.

[0305]

In a case where it is determined in step S26 that
the transmission right is not acquired, the wireless
communication control unit 55 decrements each of the held
value of the NAV information of the BSS and the held
value of the NAV information of the OBSS by one after a
predetermined period has elapsed, and, thereafter, the
processing returns to step S26. That is, the processing
in step S26 is repeatedly performed until the
transmission right is acquired.

[0306]

In contrast, in a case where it is determined in
step S26 that the transmission right is acquired, in step
S27, the wireless transmission processing unit 60
transmits the MPDU of the transmission frame.

[0307]
That is, in a case of a head portion of the

transmission frame, the wireless transmission processing
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unit 60 performs processing of converting into a baseband
signal, modulation processing, or the like, on the
preamble supplied from the preamble generating unit 57,
and supplies a transmission signal obtained as a result
to the antenna control unit 61. In this event, the
preamble (preamble signal) is transmitted for each
frequency channel.

[0308]

Further, after transmission of the preamble signal,
the wireless transmission processing unit 60 performs
processing of converting into a baseband signal,
modulation processing, or the like, on the MPDU data
supplied from the transmission frame constructing unit 54,
and supplies a transmission signal obtained as a result
to the antenna control unit 61.

[0309]

The antenna control unit 61 causes the transmission
signal supplied from the wireless transmission processing
unit 60 to be output from the antenna 62. In this event,
when transmission power is adjusted, the wireless
transmission processing unit 60 and the antenna control
unit 61 operate so that the transmission signal, that is,
the preamble and the MPDU data of the transmission frame
are transmitted at transmission power indicated by the
transmission power value set in step S22 or the like, in
accordance with control by the transmission power control
unit 59.

[0310]

Through the processing in step S27, of the

transmission frame, a portion of the preamble which is

the head portion of the transmission frame, and a portion
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of the MPDU subsequent to the preamble are transmitted.
In this event, for example, in a case where a plurality
of frequency channels is bundled to be utilized as one
broadband channel, the MPDU data is transmitted by
utilizing a band of the channel.

[0311]

Note that, in a case where the delimiter
information is also transmitted along with the MPDU data,
after the delimiter information is transmitted, the MPDU
data arranged immediately after the delimiter information
is transmitted.

[0312]

In step S28, the inter-training generating unit 58
determines whether or not it is a timing for transmitting
the inter-training signal on the basis of the
transmission interval and the transmission pattern of the
inter-training signal determined in the processing in
step S20.

[0313]

In step S28, in a case where it is determined that
it is not yet a timing for transmitting the inter-
training signal, the processing returns to step S28, and
the above-described processing is repeatedly performed.
[0314]

Meanwhile, in a case where it is determined in step
S28 that it is a timing for transmitting the inter-
training signal, in step S29, the inter-training
generating unit 58 acquires parameters of the inter-
signal information (Inter-SIG).

[0315]

That is, the inter-training generating unit 58
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acquires parameters of the inter-signal information
(Inter-SIG) determined in the processing in step S19 from
the preamble generating unit 57 and the wireless
communication control unit 55, and generates the inter-
signal information from the acquired parameters. Here,
for example, information regarding a remaining period of
an A-MPDU, that is, respective parameters (information)
illustrated in Fig. 12, such as the length information,
the BSS Color information, and the channel map
information are acquired, and the inter-signal
information (Inter-SIG) having the configuration
illustrated in Fig. 12 is generated.

[0316]

Further, the inter-training generating unit 58
generates the inter-training signal by arranging
information such as the L-STF, the L-LTF, and the L-SIG
supplied from the preamble generating unit 57 and the
wireless communication control unit 55, and the generated
inter-signal information. By this means, for example,
the inter-training signal having the configuration
illustrated in Fig. 10 can be obtained.

[0317]

The inter-training generating unit 58 supplies the
inter-training signal generated in this manner to the
wireless transmission processing unit 60.

[0318]

In step S30, the wireless transmission processing
unit 60 transmits the inter-training signal of the
transmission frame.

[0319]

That is, the wireless transmission processing unit
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60 performs processing of converting into a baseband
signal, modulation processing, or the like, on the inter-
training signal supplied from the inter-training
generating unit 58 and supplies the transmission signal
obtained as a result to the antenna control unit 61.
[0320]

Further, the antenna control unit 61 causes the
transmission signal supplied from the wireless
transmission processing unit 60 to be output from the
antenna 62.

[0321]

In this event, the wireless transmission processing
unit 60 and the antenna control unit 61 operate so that
the transmission signal, that is, the inter-training
signal of the transmission frame is transmitted at
transmission power indicated by the transmission power
value set in step S22 or the like, in accordance with
control by the transmission power control unit 59.

[0322]

Through the processing as described above, at the
wireless communication apparatus 11, during a
transmission period of the MPDU data, that is, while the
MPDU data is transmitted, the inter-training signal is
transmitted at the transmission interval and with the
transmission pattern set in step S20.

[0323]

That is, the wireless transmission processing unit
60 transmits the next inter-training signal after a
predetermined period indicated by the transmission
interval has elapsed since the immediately preceding

inter-training signal had been transmitted. In this
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event, the wireless transmission processing unit 60
switches a frequency channel to be utilized for
transmission of the inter-training signal as necessary
over time in accordance with the transmission pattern.
[0324]

As a result, for example, the inter-training signal
is stored in the transmission frame with a pattern
illustrated in Fig. 10 or Fig. 11, and the transmission
frame including the inter-training signal is transmitted.
[0325]

In step S31, the wireless communication control
unit 55 determines whether or not a tail end of the MPDU
data has been reached for the individual pieces of the
MPDU data transmitted using the respective frequency
channels.

[0326]

In step S31, in a case where it is determined that
any tail end of the MPDU data has not been reached, that
is, all the MPDU data is being transmitted, the
processing returns to step S28, and the above-described
processing is repeatedly performed. That is,
transmission of the MPDU is continuously performed, and
the inter-training signal is repeatedly transmitted at
determined transmission intervals.

[0327]

In contrast, in a case where it is determined in
step S31 that the tail end of the MPDU data has been
reached, in step S32, the wireless communication control
unit 55 determines whether or not a tail end of the A-
MPDU has been reached, that is, whether or not a tail end

of the transmission frame has been reached.



10

15

20

25

30

86

[0328]

In a case where it is determined in step S32 that
the tail end has not been reached, because the MPDU data
and the inter-training signal are still transmitted, the
processing returns to step S27, and the above-described
processing is repeatedly performed.

[0329]

In contrast, in a case where it is determined in
step S32 that the tail end has been reached, in step S33,
the wireless reception processing unit 63 receives an ACK
frame.

[0330]

That is, when the transmission frame transmitted by
the wireless communication apparatus 11 is received by a
wireless communication apparatus of a communication
partner, the wireless communication apparatus of the
communication partner transmits an ACK frame to the
wireless communication apparatus 11.

[0331]

In a case where received power of the received
frame supplied from the antenna 62 via the antenna
control unit 61 is equal to or greater than the detection
threshold supplied from the detection threshold control
unit 64, the wireless reception processing unit 63
regards the received frame as being received. That is,
detection of the preamble and the inter-training signal
is performed for the received frame.

[0332]

The preamble detecting unit 66 detects the preamble

from the received frame by detecting a predetermined

sequence pattern which is a preamble portion from the
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received frame received at the wireless reception
processing unit 63. If the preamble is detected, the
preamble detecting unit 66 supplies the detection result
to the wireless communication control unit 55 and the
header information analyzing unit 67.

[0333]

The header information analyzing unit 67 extracts
the header information, or the like, from the received
frame received at the wireless reception processing unit
63 in accordance with the detection result supplied from
the preamble detecting unit 66 and supplies the header
information, or the like, to the received data
constructing unit 68.

[0334]

Further, the received data constructing unit 68
extracts the received data stored in the MPDU data from
the received frame received at the wireless reception
processing unit 63 on the basis of the header information,
or the like, supplied from the header information
analyzing unit 67 and supplies the received data to the
reception buffer 69 and the network managing unit 53.
[0335]

In a case where the received frame received in this
manner is the ACK frame, because information indicating
which received data, that is, which MPDU data is
correctly received can be obtained, the network managing
unit 53 supplies the information obtained from the ACK
frame to the wireless communication control unit 55.
[0336]

In step S34, the wireless communication control

unit 55 determines whether or not the ACK frame
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indicating that all the transmitted transmission data
(MPDU data) of the transmission frame is correctly
received, 1is received.

[0337]

For example, in a case where information indicating
that all the MPDU data included in the transmitted
transmission frame is correctly received is supplied from
the network managing unit 53, the wireless communication
control unit 55 determines that the ACK frame indicating
that all the MPDU data of the transmission frame 1is
correctly received is received. By this means, the
transmission frame is correctly received by the wireless
communication apparatus of the communication partner.
[0338]

In a case where it is determined in step S34 that
the ACK frame indicating that all the MPDU data of the
transmission frame is correctly received is not received,
the processing returns to step S16, and the above-
described processing is repeatedly performed.

[0339]

In this case, while the transmission frame is
retransmitted because the transmission frame is not
correctly received, because transmission power is
appropriately controlled in step S22 as necessary upon
the retransmission, communication is performed more
efficiently.

[0340]

In contrast, in a case where it is determined in
step S34 that the ACK frame indicating that all the MPDU
data of the transmission frame is correctly received 1is

received, because the transmission frame is correctly
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received on the communication partner side, the
transmission processing is finished.
[0341]

As described above, the wireless communication
apparatus 11 transmits the transmission frame in which
part of the header information is stored in the inter-
training signal. By this means, it is possible to
perform communication more efficiently.

[0342]

(Description of reception processing)

Subsequently, reception processing to be performed
when the wireless communication apparatus 11 receives the
received frame transmitted from the communication partner
will be described. That is, reception processing by the
wireless communication apparatus 11 will be described
below with reference to the flowchart in Fig. 15.

[0343]

When the reception processing is started, the
wireless communication apparatus 11 first causes
operation of each block which functions as a receiver of
the own apparatus to start, to receive the received frame
addressed to the own apparatus.

[0344]

Then, in step S61, the wireless reception
processing unit 63 detects received power of the received
frame supplied from the antenna 62 via the antenna
control unit 61, that is, received field strength, and
obtains received field strength information indicating
the received power (signal detection level).

[0345]

In this event, for example, if the received power
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of the received frame obtained (detected) by the wireless
reception processing unit 63 is equal to or greater than
the detection threshold supplied from the detection
threshold control unit 64, detection of the preamble and
the inter-training signal is performed for the received
frame. Note that, more particularly, detection of the
preamble and the inter-training signal is performed also
for a received frame whose received power is less than
the detection threshold.

[0346]

The inter-training detecting unit 65 detects the
inter-training signal from the received frame by
detecting a predetermined sequence pattern of the inter-
training signal portion from the received frame received
at the wireless reception processing unit 63. Here,
processing of detecting the inter-training signal from
the received signal (received frame) is performed for the
entire band constituting the frequency band which can be
utilized for wireless communication, that is, all the
frequency channels.

[0347]

Further, the preamble detecting unit 66 detects a
preamble from the received frame by detecting a
predetermined sequence pattern of the preamble portion
from the received frame received at the wireless
reception processing unit 63.

[0348]

Note that, at the detection threshold control unit
64, processing of setting the preamble detection
threshold of the BSS from a predetermined received field

strength level, and determining a detection threshold
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OBSS PD in accordance with a maximum value and a minimum
value of the detection threshold determined in advance on
the basis of the transmission power of the frame to be
transmitted for the preamble detection threshold of the
OBSS, is performed.

[0349]

For example, preamble detection is first determined
from the threshold of the received power of the received
frame, and, thereafter, in a case where it is determined
that the received frame is a signal from the OBSS,
determination of the detection threshold of OBSS PD is
performed in accordance with the transmission power of
the frame to be transmitted.

[0350]

Here, the received power of the received frame of
the BSS or the OBSS supplied from the wireless reception
processing unit 63 is received power indicated by the
received field strength information obtained in the
processing in step S6l1. It is possible to specify
whether the received power indicated by this received
field strength information is a signal of the BSS or a
signal of the OBSS, from the BSS Color information
supplied from the wireless communication control unit 55.
[0351]

In step S62, the preamble detecting unit 66
determines whether or not the preamble is detected from
the received frame.

[0352]

In a case where it is determined in step S62 that

the preamble is detected, the preamble detecting unit 66

supplies the detection result to the wireless
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communication control unit 55 and the header information
analyzing unit 67, and the processing proceeds to step
S63.

[0353]

In step S63, the header information analyzing unit
67 extracts the header information, or the like, from the
detected preamble on the basis of the detection result
supplied from the preamble detecting unit 66, supplies
the header information, or the like, to the wireless
communication control unit 55 and the received data
constructing unit 68, and, thereafter, the processing
proceeds to step S66. By this means, a PLCP header, that
is, the header information formed with the L-SIG, the RL-
SIG, and the HE-SIG-A is extracted from the preamble of
the received frame.

[0354]

In contrast, in a case where it is determined in
step S62 that the preamble is not detected, in step S64,
the inter-training detecting unit 65 determines whether
or not the inter-training signal is detected from the
received frame.

[0355]

In a case where it is determined in step S64 that
the inter-training signal is detected, the inter-training
detecting unit 65 supplies the detection result of the
inter-training signal to the header information analyzing
unit 67, and, thereafter, the processing proceeds to step
S65.

[0356]
In step S65, the header information analyzing unit

67 extracts various kinds of parameters from the inter-
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training signal of the received frame received at the
wireless reception processing unit 63 on the basis of the
detection result supplied from the inter-training
detecting unit 65, and, thereafter, the processing
proceeds to step S66.

[0357]

That is, the header information analyzing unit 67
extracts various kinds of parameters stored in the L-SIG
and the inter-signal information (Inter-SIG) from the
inter-training signal and supplies the various kinds of
parameters to the wireless communication control unit 55
and the received data constructing unit 68.

[0358]

Because the header information analyzing unit 67
can obtain the BSS Color information, or the like, for
example, as the parameters stored in the inter-signal
information, even when the received frame is detected in
the middle of the frame, it is possible to specify
whether the received frame is a signal of the BSS or a
signal of the OBSS, so that it is possible to perform
communication more efficiently.

[0359]

In addition, because it is possible to obtain
parameters, or the like, regarding the advanced spatial
reuse technology from the inter-signal information, even
when the received frame is received in the middle of the
frame, it is possible to decode the received frame, that
is, extract the received data. Further, because it is
possible to obtain channel map information, or the like,
from the inter-signal information, even when the received

frame i1s received in the middle of the frame, the
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wireless communication control unit 55 can specify
(recognize) a usage situation of the wireless
transmission path, that is, the frequency channels.
[0360]

Further, if the preamble and the inter-training
signal are detected from the received frame, the received
data constructing unit 68 analyzes the MAC header
information stored in the MPDU data from the received
frame received at the wireless reception processing unit
63 on the basis of the header information, or the like,
supplied from the header information analyzing unit 67.
By this means, it is possible to obtain address
information indicated by characters “Address” within the
MAC header information illustrated in, for example, Fig.
8, and the received data constructing unit 68 supplies
the obtained address information to the wireless
communication control unit 55 via the network managing
unit 53.

[0361]

If the processing in step S63 or step S65 is
performed, in step S66, the wireless communication
control unit 55 determines whether or not the received
frame received is a signal of the own BSS.

[0362]

For example, the wireless communication control
unit 55 determines that the received frame is a signal of
the own BSS in a case where the BSS Color information
read out from the header information and the inter-signal
information supplied from the header information
analyzing unit 67 1s information indicating the BSS to

which the wireless communication apparatus 11 belongs.
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[0363]

In a case where it is determined in step S66 that
the received frame is a signal of the own BSS, in step
S67, the wireless communication control unit 55
determines whether or not the received frame received is
data (received frame) addressed to the own apparatus.
[0364]

For example, in a case where the address
information supplied from the received data constructing
unit 68 via the network managing unit 53 indicates the
own apparatus, that is, the wireless communication
apparatus 11, the wireless communication control unit 55
determines that the received frame is data addressed to
the own apparatus. Further, for example, it may be
determined whether the received frame is data addressed
to the own apparatus from information of part of the
address (AID12) indicating the wireless communication
apparatus of a transmission source or a recipient of the
transmission frame, or the like, read out from the inter-
signal information.

[0365]

In a case where it is determined in step S67 that
the received frame is data addressed to the own apparatus,
the processing proceeds to step S68.

[0366]

In step S68, the received data constructing unit 68
extracts received data stored in one piece of the MPDU
data from the received frame received at the wireless
reception processing unit 63 on the basis of the header
information, the delimiter information, or the like,

supplied from the header information analyzing unit 67.
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That is, the received data is extracted in units of the
MPDU.
[0367]

The received data constructing unit 68 supplies the
extracted received data to the network managing unit 53
and the reception buffer 69. The received data held at
the reception buffer 69 is supplied to the equipment
control unit 23 via the interface 51.

[0368]

In step S69, the received data constructing unit 68
determines whether or not the MPDU data, that is, the
received data in units of the MPDU can be correctly
received as a result of step S68.

[0369]

In a case where it is determined in step S69 that
the MPDU data can be correctly received, in step S70, the
received data constructing unit 68 constructs (generates)
ACK information indicating that the MPDU data is
correctly received, and supplies the ACK information to
the wireless communication control unit 55 wvia the
network managing unit 53. If the ACK information is
generated, thereafter, the processing proceeds to step
S71.

[0370]

In contrast, in a case where it is determined in
step S69 that the MPDU data cannot be correctly received,
the processing in step S70 is not performed, and,
thereafter, the processing proceeds to step S71.

[0371]
In a case where it is determined in step S69 that

the MPDU data cannot be correctly received or the
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processing in step S70 is performed, thereafter, the
processing in step S71 is performed.
[0372]

That is, in step S71, the wireless communication
control unit 55 determines whether or not a tail end of
the aggregated A-MPDU has been reached, that is, whether
or not a tail end of the received frame has been reached,
on the basis of the header information, or the like,
supplied from the header information analyzing unit 67.
[0373]

In a case where it is determined in step S71 that
the tail end of the A-MPDU has not been reached yet, the
processing returns to step S68, and the above-described
processing is repeatedly performed.

[0374]

In contrast, in a case where it is determined in
step S71 that the tail end of the A-MPDU has been reached,
in step S72, the wireless transmission processing unit 60
transmits an ACK frame.

[0375]

That is, the wireless communication control unit 55
controls the header information generating unit 56 and
the preamble generating unit 57 on the basis of the ACK
information supplied from the received data constructing
unit 68 to generate the preamble of the ACK frame. The
preamble generating unit 57 generates the preamble using
the information supplied from the header information
generating unit 56 and the wireless communication control
unit 55 as necessary and supplies the preamble to the
wireless transmission processing unit 60.

[0376]
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Further, the network managing unit 53 controls the
transmission frame constructing unit 54 as necessary on
the basis of the ACK information supplied from the
received data constructing unit 68 to generate and supply
the MPDU data of the ACK frame to the wireless
transmission processing unit 60.

[0377]

The wireless transmission processing unit 60
performs processing of converting into a baseband signal,
modulation processing, or the like, on the ACK frame
formed with the preamble supplied from the preamble
generating unit 57 and the MPDU data supplied from the
transmission frame constructing unit 54, and supplies the
ACK frame obtained as a result to the antenna control
unit 61.

[0378]

Further, the antenna control unit 61 causes the ACK
frame supplied from the wireless transmission processing
unit 60 to be output from the antenna 62. In this event,
the wireless transmission processing unit 60 and the
antenna control unit 61 operate so that the ACK frame is
transmitted at transmission power, for example, set
through processing in step S22 in Fig. 14, or the like,
in accordance with control by the transmission power
control unit 59.

[0379]

For example, the information indicating the
correctly received MPDU data is included in the ACK frame
to be transmitted by the wireless transmission processing
unit 60. When the ACK frame is transmitted in this

manner, the reception processing is finished.
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[0380]

Further, in a case where it is determined in step
S67 that the received frame is not data addressed to the
own apparatus, that is, in a case where, while the BSS
Color information included in the received frame is
information indicating the own BSS, the received frame is
not addressed to the own apparatus, the processing
proceeds to step S73.

[0381]

In step S73, the wireless communication control
unit 55 sets or updates the NAV information of the own
BSS.

[0382]

That is, in a case where the wireless communication
control unit 55 does not hold the NAV information of the
own BSS, the wireless communication control unit 55
generates NAV information of the own BSS in a similar
manner to a case in step S23 in Fig. 14.

[0383]

For example, the NAV information of the BSS is
generated from the Duration information stored in the MAC
header information of the MPDU data supplied from the
received data constructing unit 68 via the network
managing unit 53, the length information supplied from
the header information analyzing unit 67, or the like.
[0384]

Further, in a case where the wireless communication
control unit 55 has already held the NAV information of
the own BSS, the wireless communication control unit 55
updates the held NAV information on the basis of the

Duration information, or the like, stored in the MAC
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header information of the newly received MPDU data.
[0385]

In a case where, while the BSS Color information
included in the received frame is information indicating
the own BSS, the received frame is not addressed to the
own apparatus, communication for transmission and
reception of the received frame is performed for a period
indicated by the Duration information stored in the MAC
header information.

[0386]

In a case where the NAV information of the own BSS
is generated or updated in this manner, thereafter, the
processing proceeds to step S78.

[0387]

Further, in a case where it is determined in step
S66 that the received frame is not a signal of the own
BSS, in step S74, the wireless communication control unit
55 determines whether or not the received frame received
is a signal of the OBSS.

[0388]

For example, in a case where the BSS Color
information included in the header information and the
inter-signal information is supplied from the header
information analyzing unit 67, the wireless communication
control unit 55 determines that the received frame is a
signal of the OBSS if the BSS Color information is
information indicating other BSSs to which the wireless
communication apparatus 11 does not belong, that is, the
OBSS.

[0389]

In a case where it is determined in step S74 that
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the received frame is a signal of the OBSS, in step S75,
the wireless communication control unit 55 sets or
updates the NAV information of the OBSS.

[0390]

That is, in step S75, the NAV information of the
OBSS is generated or updated by processing similar to
that in step S73 being performed. Note that the NAV
information of the OBSS may be generated for each OBSS,
or only NAV information of the OBSS whose duration is the
longest among a plurality of OBSSs may be set (generated)
and managed.

[0391]

By managing the NAV information for each of the
wireless networks for the BSS and the respective OBSSs
also upon reception processing in a similar manner to
upon transmission processing, the wireless communication
control unit 55 can individually manage the communication
situations of the respective wireless networks using the
NAV information.

[0392]

When the NAV information of the OBSS is set or
updated, thereafter, the processing proceeds to step S78.
[0393]

Meanwhile, in a case where it is determined in step
S74 that the received frame is not a signal of the OBSS,
thereafter, the processing proceeds to step S77.

[0394]

Further, in a case where it is determined in step
S64 that the inter-training signal has not been detected,
the processing proceeds to step S76.

[0395]
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In step S76, the wireless communication control
unit 55 determines whether or not the received power of
the received frame received at the wireless reception
processing unit 63 is greater than the detection
threshold determined at the detection threshold control
unit 64.

[0396]

In a case where it is determined in step S76 that
the received power is greater than the detection
threshold, thereafter, the processing proceeds to step
S77.

[0397]

In a case where it is determined in step S76 that
the received power is greater than the detection
threshold, or in a case where it is determined in step
S74 that the received frame is not a signal of the OBSS,
processing in step S77 is performed. That is, in step
S77, the wireless communication control unit 55 regards
the state as a state where carrier detection is being
performed, and, thereafter, the processing proceeds to
step S78.

[0398]

In this case, while neither the preamble nor the
inter-training signal has been detected for the received
frame, because a signal having great received power is
detected, the state is regarded as a state where carrier
detection is being performed, and processing of detecting
the preamble and the inter-training signal from the
signal being received (received frame) 1is continuously
performed. Note that, in a state where carrier detection

is being performed, the wireless communication apparatus
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11 cannot transmit the transmission frame.
[0399]

In contrast, in a case where it is determined in
step S76 that the received power is equal to or less than
the detection threshold, the state is not regarded as a
state where carrier detection is being performed, and,
thereafter, the processing proceeds to step S78.

[0400]

Further, in a case where the processing in step S73
is performed, the processing in step S75 is performed,
the processing in step S77 is performed, or it is
determined in step S76 that the received power is equal
to or less than the detection threshold, processing in
step S78 is performed.

[0401]

That is, in step S78, the wireless communication
control unit 55 acquires all the NAV information.
Specifically, the wireless communication control unit 55
reads out the NAV information of the own BSS obtained in
step S73, and the NAV information of the OBSS obtained in
step S75, and recognizes communication situations of the
BSS and the OBSS indicated by the NAV information.

[0402]

In step S79, the wireless communication control
unit 55 determines whether or not a predetermined period
has elapsed since the NAV information had been updated
last.

[0403]

In a case where it is determined in step S79 that

the predetermined period has not elapsed yet, the

processing returns to step S61, and the above-described
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processing is repeatedly performed.
[0404]

In contrast, in a case where it is determined in
step S79 that the predetermined period has elapsed, in
step S80, the wireless communication control unit 55

subtracts one from respective values of the NAV

information of the own BSS and the NAV information of the

OBSS. That is, the values of the NAV information are
decremented.
[0405]

In step S81, the wireless communication control
unit 55 determines whether or not the values of all the
NAV information become 0.

[0406]

In a case where it is determined in step S81 that
the values of all the NAV information do not become O,
the processing returns to step S61, and the above-
described processing is repeatedly performed.

[0407]

In contrast, in a case where it is determined in
step S81 that the values of all the NAV information
become 0, the reception processing is finished.

[0408]

As described above, the wireless communication
apparatus 11 detects the inter-training signal in which
part of the header information is stored, from the
received frame, and extracts the part of the header
information from the inter-training signal. By this
means, it is possible to perform communication more
efficiently.

[0409]
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<Configuration example of computer>

Incidentally, the above-described series of
processes may be performed by hardware or may be
performed by software. In a case where the series of
processes is performed by software, a program forming the
software is installed into a computer. Here, examples of
the computer include a computer that is incorporated in
dedicated hardware, a general-purpose personal computer
that can perform various types of function by installing
various types of program, and the like.

[0410]

Fig. 16 is a block diagram illustrating a
configuration example of the hardware of a computer that
performs the above-described series of processes with a
program.

[0411]

In the computer, a CPU 501, read only memory (ROM)
502, and random access memory (RAM) 503 are mutually
connected by a bus 504.

[0412]

Further, an input/output interface 505 is connected
to the bus 504. Connected to the input/output interface
505 are an input unit 506, an output unit 507, a
recording unit 508, a communication unit 509, and a drive
510.

[0413]

The input unit 506 includes a keyboard, a mouse, a
microphone, an image sensor, and the like. The output
unit 507 includes a display, a speaker, and the like.

The recording unit 508 includes a hard disk, a non-

volatile memory, and the like. The communication unit
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509 includes a network interface, and the like. The
drive 510 drives a removable recording medium 511 such as
a magnetic disk, an optical disc, a magneto-optical disk,
and a semiconductor memory.

[0414]

In the computer configured as described above, the
CPU 501 loads a program that is recorded, for example, in
the recording unit 508 onto the RAM 503 via the
input/output interface 505 and the bus 504, and executes
the program, thereby performing the above-described
series of processes.

[0415]

For example, programs to be executed by the
computer (CPU 501) can be recorded and provided in the
removable recording medium 511, which is a packaged
medium or the like. 1In addition, programs can be
provided via a wired or wireless transmission medium such
as a local area network, the Internet, and digital
satellite broadcasting.

[0416]

In the computer, by mounting the removable
recording medium 511 onto the drive 510, programs can be
installed into the recording unit 508 wvia the
input/output interface 505. Programs can also be
received by the communication unit 509 via a wired or
wireless transmission medium, and installed into the
recording unit 508. 1In addition, programs can be
installed in advance into the ROM 502 or the recording
unit 508.

[0417]

Note that a program executed by the computer may be



10

15

20

25

30

107

a program in which processes are chronologically carried
out in a time series in the order described herein or may
be a program in which processes are carried out in
parallel or at necessary timing, such as when the
processes are called.

[0418]

In addition, embodiments of the present technology
are not limited to the above-described embodiments, and
various alterations may occur insofar as they are within
the scope of the present disclosure.

[0419]

For example, the present technology can adopt a
configuration of cloud computing, in which a plurality of
devices shares a single function via a network and
performs processes in collaboration.

[0420]

Furthermore, each step in the above-described
flowcharts can be executed by a single device or shared
and executed by a plurality of devices.

[0421]

In addition, in a case where a single step includes
a plurality of processes, the plurality of processes
included in the single step can be executed by a single
device or shared and executed by a plurality of devices.
[0422]

Additionally, the present technology may also be
configured as below.

[0423]
(1)
A wireless communication apparatus including:

a preamble generating unit configured to generate a
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preamble signal including header information;

an inter-training generating unit configured to
generate an inter-training signal including at least part
of information of the header information; and

a wireless transmission processing unit configured
to transmit transmission data after transmitting the
preamble signal in at least one or more frequency
channels among a plurality of the frequency channels and
transmit a plurality of the inter-training signals by
utilizing one or a plurality of the frequency channels
among the plurality of the frequency channels during a
transmission period of the transmission data.

(2)

The wireless communication apparatus according to
(1),

in which the inter-training signal includes a
training sequence included in the preamble signal.

(3)

The wireless communication apparatus according to
(1) or (2),

in which the inter-training signal includes at
least one of information regarding the frequency channels
to be utilized for transmission of the transmission data,
information for identifying a wireless network to which
the wireless communication apparatus belongs, or
information regarding the transmission period of the
transmission data.

(4)

The wireless communication apparatus according to
any one of (1) to (3),

in which the inter-training signal includes at
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least one of coding and modulation scheme information of
a signal to be transmitted by the wireless transmission
processing unit, transmission power information,
receiving sensitivity information, information regarding
a spatial reuse technology, or information regarding a
wireless communication apparatus of a recipient of a
signal.

(3)

The wireless communication apparatus according to
any one of (1) to (4),

in which the wireless transmission processing unit
repeatedly transmits the inter-training signal by
utilizing one of the frequency channels.

(6)

The wireless communication apparatus according to
any one of (1) to (4),

in which the wireless transmission processing unit
switches the frequency channel to be utilized for
transmission of the inter-training signal over time.

(7)

The wireless communication apparatus according to
any one of (1) to (6),

in which the wireless transmission processing unit
transmits the inter-training signal before transmission
of the transmission data or after transmission of the
transmission data in one of the frequency channels.

(8)

The wireless communication apparatus according to
any one of (1) to (7),

in which the wireless transmission processing unit

intermittently transmits the next inter-training signal
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after a predetermined period has elapsed since the inter-
training signal had been transmitted.

(9)

The wireless communication apparatus according to
any one of (1) to (8),

in which the wireless transmission processing unit
transmits the inter-training signal in one of the
frequency channels in a case where the transmission data
is transmitted using a plurality of the frequency
channels.

(10)

A wireless communication method to be performed by
a wireless communication apparatus, including:

generating a preamble signal including header
information;

generating an inter-training signal including at
least part of information of the header information; and

transmitting transmission data after transmitting
the preamble signal in at least one or more frequency
channels among a plurality of the frequency channels and
transmitting a plurality of the inter-training signals by
utilizing one or a plurality of the frequency channels
among the plurality of the frequency channels during a
transmission period of the transmission data.

(11)

A program for causing a computer to execute
processing including steps of:

generating a preamble signal including header
information;

generating an inter-training signal including at

least part of information of the header information; and
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transmitting transmission data after transmitting
the preamble signal in at least one or more frequency
channels among a plurality of the frequency channels, and
transmitting a plurality of the inter-training signals by
utilizing one or a plurality of the frequency channels
among the plurality of the frequency channels during a
transmission period of the transmission data.

(12)

A wireless communication apparatus including:

an inter-training detecting unit configured to
detect an inter-training signal including at least part
of information of header information included in a
preamble signal from a received signal in one or a
plurality of frequency channels among a plurality of the
frequency channels; and

a wireless communication control unit configured to
specify usage situations of the plurality of frequency
channels on the basis of the detected inter-training
signal.

(13)

The wireless communication apparatus according to
(12),

in which the inter-training signal includes at
least one of information regarding the frequency channels
to be utilized for transmission of a signal, information
for identifying a wireless network to which a
transmission source of a signal belongs, or information
regarding a transmission period of a signal.

(14)

The wireless communication apparatus according to

(13),
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in which the wireless communication control unit
specifies the frequency channels which are available to
the wireless communication apparatus on the basis of
information described in the inter-training signal and
controls transmission of a signal utilizing the specified
frequency channels.

(15)

The wireless communication apparatus according to
(13) or (14),

in which the wireless communication control unit
determines whether transmission right of a signal of the
wireless communication apparatus is acquired, on the
basis of information described in the inter-training
signal.

(1o6)

The wireless communication apparatus according to
any one of (13) to (15),

in which the wireless communication control unit
sets a period during which transmission of a signal of
the wireless communication apparatus is inhibited, on the
basis of information described in the inter-training
signal.

(17)

The wireless communication apparatus according to
any one of (12) to (16),

in which the inter-training signal includes at
least one of coding and modulation scheme information of
a signal, transmission power information, receiving
sensitivity information, information regarding a spatial
reuse technology, or information regarding a wireless

communication apparatus of a recipient of a signal.
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(18)

The wireless communication apparatus according to
any one of (12) to (17), further including:

a transmission power control unit configured to
control transmission power of a signal of the wireless
communication apparatus on the basis of information
described in the inter-training signal.

(19)

A wireless communication method to be performed by
a wireless communication apparatus, including:

detecting an inter-training signal including at
least part of information of header information included
in a preamble signal from a received signal in one or a
plurality of frequency channels among a plurality of the
frequency channels; and

specifying usage situations of the plurality of the
frequency channels on the basis of the detected inter-
training signal.

(20)

A program for causing a computer to execute
processing including steps of:

detecting an inter-training signal including at
least part of information of header information included
in a preamble signal from a received signal in one or a
plurality of frequency channels among a plurality of the
frequency channels; and

specifying usage situations of the plurality of the
frequency channels on the basis of the detected inter-

training signal.
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Wireless communication apparatus
Network managing unit

Transmission frame constructing unit
Wireless communication control unit
Header information generating unit
Preamble generating unit
Inter-training generating unit
Transmission power control unit
Wireless transmission processing unit
Wireless reception processing unit
Inter-training detecting unit
Preamble detecting unit

Header information analyzing unit

Received data constructing unit
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CLAIMS

1. A wireless communication apparatus comprising:

a preamble generating unit configured to generate a
preamble signal including header information;

an inter-training generating unit configured to
generate an inter-training signal including at least part
of information of the header information; and

a wireless transmission processing unit configured
to transmit transmission data after transmitting the
preamble signal in at least one or more frequency
channels among a plurality of the frequency channels and
transmit a plurality of the inter-training signals by
utilizing one or a plurality of the frequency channels
among the plurality of the frequency channels during a

transmission period of the transmission data.

2. The wireless communication apparatus according to
claim 1,
wherein the inter-training signal includes a

training sequence included in the preamble signal.

3. The wireless communication apparatus according to
claim 1,

wherein the inter-training signal includes at least
one of information regarding the frequency channels to be
utilized for transmission of the transmission data,
information for identifying a wireless network to which
the wireless communication apparatus belongs, or
information regarding the transmission period of the

transmission data.
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4., The wireless communication apparatus according to
claim 1,

wherein the inter-training signal includes at least
one of coding and modulation scheme information of a
signal to be transmitted by the wireless transmission
processing unit, transmission power information,
receiving sensitivity information, information regarding
a spatial reuse technology, or information regarding a
wireless communication apparatus of a recipient of a

signal.

5. The wireless communication apparatus according to
claim 1,

wherein the wireless transmission processing unit
repeatedly transmits the inter-training signal by

utilizing one of the frequency channels.

6. The wireless communication apparatus according to
claim 1,

wherein the wireless transmission processing unit
switches the frequency channel to be utilized for

transmission of the inter-training signal over time.

7. The wireless communication apparatus according to
claim 1,

wherein the wireless transmission processing unit
transmits the inter-training signal before transmission
of the transmission data or after transmission of the

transmission data in one of the frequency channels.

8. The wireless communication apparatus according to



10

15

20

25

30

117

claim 1,

wherein the wireless transmission processing unit
intermittently transmits the next inter-training signal
after a predetermined period has elapsed since the inter-

training signal had been transmitted.

9. The wireless communication apparatus according to
claim 1,

wherein the wireless transmission processing unit
transmits the inter-training signal in one of the
frequency channels in a case where the transmission data
is transmitted using a plurality of the frequency

channels.

10. A wireless communication method to be performed by
a wireless communication apparatus, comprising:

generating a preamble signal including header
information;

generating an inter-training signal including at
least part of information of the header information; and

transmitting transmission data after transmitting
the preamble signal in at least one or more frequency
channels among a plurality of the frequency channels and
transmitting a plurality of the inter-training signals by
utilizing one or a plurality of the frequency channels
among the plurality of the frequency channels during a

transmission period of the transmission data.

11. A program for causing a computer to execute
processing comprising steps of:

generating a preamble signal including header
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information;

generating an inter-training signal including at
least part of information of the header information; and

transmitting transmission data after transmitting
the preamble signal in at least one or more frequency
channels among a plurality of the frequency channels, and
transmitting a plurality of the inter-training signals by
utilizing one or a plurality of the frequency channels
among the plurality of the frequency channels during a

transmission period of the transmission data.

12. A wireless communication apparatus comprising:

an inter-training detecting unit configured to
detect an inter-training signal including at least part
of information of header information included in a
preamble signal from a received signal in one or a
plurality of frequency channels among a plurality of the
frequency channels; and

a wireless communication control unit configured to
specify usage situations of the plurality of frequency

channels on a basis of the detected inter-training signal.

13. The wireless communication apparatus according to
claim 12,

wherein the inter-training signal includes at least
one of information regarding the frequency channels to be
utilized for transmission of a signal, information for
identifying a wireless network to which a transmission
source of a signal belongs, or information regarding a

transmission period of a signal.
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14. The wireless communication apparatus according to
claim 13,

wherein the wireless communication control unit
specifies the frequency channels which are available to
the wireless communication apparatus on a basis of
information described in the inter-training signal and
controls transmission of a signal utilizing the specified

frequency channels.

15. The wireless communication apparatus according to
claim 13,

wherein the wireless communication control unit
determines whether transmission right of a signal of the
wireless communication apparatus is acquired, on a basis

of information described in the inter-training signal.

le6. The wireless communication apparatus according to
claim 13,

wherein the wireless communication control unit
sets a period during which transmission of a signal of
the wireless communication apparatus is inhibited on, a
basis of information described in the inter-training

signal.

17. The wireless communication apparatus according to
claim 12,

wherein the inter-training signal includes at least
one of coding and modulation scheme information of a
signal, transmission power information, receiving
sensitivity information, information regarding a spatial

reuse technology, or information regarding a wireless
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communication apparatus of a recipient of a signal.

18. The wireless communication apparatus according to
claim 12, further comprising:

a transmission power control unit configured to
control transmission power of a signal of the wireless
communication apparatus on a basis of information

described in the inter-training signal.

19. A wireless communication method to be performed by
a wireless communication apparatus, comprising:

detecting an inter-training signal including at
least part of information of header information included
in a preamble signal from a received signal in one or a
plurality of frequency channels among a plurality of the
frequency channels; and

specifying usage situations of the plurality of the
frequency channels on a basis of the detected inter-

training signal.

20. A program for causing a computer to execute
processing comprising steps of:

detecting an inter-training signal including at
least part of information of header information included
in a preamble signal from a received signal in one or a
plurality of frequency channels among a plurality of the
frequency channels; and

specifying usage situations of the plurality of the
frequency channels on a basis of the detected inter-

training signal.



