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(57) ABSTRACT

A wireless communication device includes: a receiving unit
that receives a first signal storing first information with
which precision or accuracy of transmission power is rec-
ognized; and a transmission unit that transmits a second
signal regarding permission of multiple access that allows
simultaneous communication with at least one first wireless
communication device identified on the basis of the first
information. A wireless communication device includes: a
transmission unit that transmits a first signal storing first
information with which precision or accuracy of transmis-
sion power is recognized; a receiving unit that receives a
second signal regarding permission of multiple access that
allows simultaneous communication after the transmission
of the first signal; and a control unit that controls transmis-
sion of a third signal on the basis of the second signal.
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WIRELESS COMMUNICATION DEVICE
AND WIRELESS COMMUNICATION
METHOD

TECHNICAL FIELD

[0001] The present disclosure relates to a wireless com-
munication device and a wireless communication method.

BACKGROUND ART

[0002] In recent years, wireless local area networks
(LANs) representative of Institute of Electrical and Elec-
tronics Engineers (IEEE) 802.11 have been widely used. In
addition, the number of wireless LAN-compatible products
(hereinafter, also referred to as wireless communication
devices) have also increased in accordance with this. In
contrast, wireless communication resources available for
communication are limited. Therefore, it is desirable to
increase the efficiency of communication between wireless
communication devices.

[0003] As an example of technologies for increasing the
efficiency of communication, there are multiple access com-
munication technologies. For example, the multiple access
communication technologies include orthogonal frequency
division multiple access (OFDMA), space division multiple
access (SDMA) using multi-input multi-output (MIMO), or
the like. The SDMA using MIMO is called multi-user
MIMO (hereinafter, also referred to as MU-MIMO).
[0004] Here, there is a concern that communication may
receive interference in multiple access communication since
a plurality of wireless communication devices simultane-
ously perform communication. Therefore, it is desirable to
avoid communication interference.

[0005] Meanwhile, Patent Literature 1 discloses a tech-
nology related to a wireless communication base station
device including a scheduler that decides a combination of
wireless communication terminals that execute MU-MIMO
communication on the basis of uplink (hereinafter, also
referred to as UL) communication quality information of a
plurality of wireless communication terminals that are con-
nected to the wireless communication base station device.
Also, Patent Literature 2 discloses a schedule device that
selects terminals that have a single user (SU)-MIMO opti-
mal performance scale and selects a group of wireless
communication terminals that have an MU-MIMO optimal
performance scale. The schedule device selects an SU-
MIMO mode or an MU-MIMO mode by comparing the
SU-MIMO optimal performance scale with the MU-MIMO
optimal performance scale.

CITATION LIST

Patent Literature

[0006] Patent Literature 1: JP 2013-90256 A
[0007] Patent Literature 1: JP 2010-537597A
SUMMARY OF INVENTION
Technical Problem
[0008] However, there is a concern that reception proper-

ties will deteriorate in conventional technologies, represen-
tative examples of which include the technologies disclosed
in Patent Literatures 1 and 2. For example, precision of
transmission power that affects communication quality or

Apr. 25,2019

communication performance may generally differ depend-
ing on the individual wireless communication terminals.
Therefore, there is a concern that received signals will be
saturated in a case in which the transmission power is higher
than expected, and there is a concern that intensity of the
received signals will drop below receivable intensity in a
case in which the transmission power is lower than expected.
That is, there is a concern that the reception properties of
signals received from wireless communication terminals in
the combination decided on the basis of the communication
quality information or the communication performance
scale may be inferior to allowable reception properties. As
a result, communication may fail, and efficiency of commu-
nication may deteriorate.

[0009] Thus, the present disclosure proposes a mechanism
capable of suppressing degradation of reception properties
in a case in which a plurality of wireless communication
devices simultaneously perform communication.

Solution to Problem

[0010] According to the present disclosure, there is pro-
vided a wireless communication device including: a receiv-
ing unit that receives a first signal storing first information
with which precision or accuracy of transmission power is
recognized; and a transmission unit that transmits a second
signal regarding permission of multiple access that allows
simultaneous communication with at least one first wireless
communication device identified on the basis of the first
information.

[0011] In addition, according to the present disclosure,
there is provided a wireless communication device includ-
ing: a transmission unit that transmits a first signal storing
first information with which precision or accuracy of trans-
mission power is recognized; a receiving unit that receives
a second signal regarding permission of multiple access that
allows simultaneous communication after the transmission
of the first signal; and a control unit that controls transmis-
sion of a third signal on the basis of the second signal.
[0012] According to the present disclosure, there is pro-
vided a wireless communication method including, by a
processor: receiving a first signal storing first information
with which precision or accuracy of transmission power is
recognized; and transmitting a second signal regarding per-
mission of multiple access that allows simultaneous com-
munication to at least one first wireless communication
device identified on the basis of the first information.
[0013] In addition, according to the present disclosure,
there is provided a wireless communication method includ-
ing, by a processor: transmitting a first signal storing first
information with which precision or accuracy of transmis-
sion power is recognized; receiving a second signal regard-
ing permission of multiple access that allows simultaneous
communication after the transmission of the first signal: and
controlling transmission of a third signal on the basis of the
second signal.

Advantageous Effects of Invention

[0014] According to the present invention, a mechanism
capable of suppressing degradation of reception properties
in a case in which a plurality of wireless communication
devices communicate with each other at the same time is
provided as described above. Note that the effects described
above are not necessarily limitative. With or in the place of
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the above effects, there may be achieved any one of the
effects described in this specification or other effects that
may be grasped from this specification.

BRIEF DESCRIPTION OF DRAWINGS

[0015] FIG. 1 is a diagram illustrating a configuration
example of a wireless communication system according to
each embodiment of the present disclosure.

[0016] FIG.2 is a block diagram schematically illustrating
functional configurations of an STA and an AP according to
each embodiment of the present disclosure.

[0017] FIG. 3 is a sequence diagram schematically illus-
trating an example of the wireless communication system
according to the embodiment.

[0018] FIG. 4 is a flowchart conceptually illustrating an
example of overall processing of the AP according to the
embodiment.

[0019] FIG. 5 is a flowchart conceptually illustrating an
example of multiple access communication group formation
processing in the AP according to the embodiment.

[0020] FIG. 6 is a flowchart conceptually illustrating an
example of overall processing of the STA according to the
embodiment.

[0021] FIG. 7 is a sequence diagram conceptually illus-
trating an example of processing of the wireless communi-
cation system according to the embodiment.

[0022] FIG. 8 is a flowchart conceptually illustrating an
example of overall processing of the AP according to the
embodiment.

[0023] FIG. 9 is a sequence diagram conceptually illus-
trating an example of group reformation processing based on
a change in connection for communication of the wireless
communication system according to the embodiment.
[0024] FIG. 10 is a sequence diagram conceptually illus-
trating an example of group reformation processing based on
a change in transmission power precision information of the
wireless communication system according to the embodi-
ment.

[0025] FIG. 11 is a flowchart conceptually illustrating an
example of overall processing of the AP according to the
embodiment.

[0026] FIG. 12 is a flowchart conceptually illustrating an
example of overall processing of the STA according to the
embodiment.

[0027] FIG. 13 is a sequence diagram conceptually illus-
trating difference information sharing processing and trans-
mission power precision information updating processing of
the wireless communication system according to the
embodiment.

[0028] FIG. 14 is a flowchart conceptually illustrating an
example of overall processing of the AP according to the
embodiment.

[0029] FIG. 15 is a flowchart conceptually illustrating an
example of overall processing of the STA according to the
embodiment.

[0030] FIG. 16 is a block diagram illustrating an example
of a schematic configuration of a smartphone.

[0031] FIG. 17 is a block diagram illustrating an example
of a schematic configuration of a car navigation device.
[0032] FIG. 18 is a block diagram illustrating an example
of a schematic configuration of a wireless access point.
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MODE(S) FOR CARRYING OUT THE
INVENTION

[0033] Hereinafter, (a) preferred embodiment(s) of the
present disclosure will be described in detail with reference
to the appended drawings. Note that, in this specification and
the appended drawings, structural elements that have sub-
stantially the same function and structure are denoted with
the same reference numerals, and repeated explanation of
these structural elements is omitted.

[0034] Further, in this specification and the drawings,
there are cases in which a plurality of elements having
substantially the same function are distinguished by adding
different numbers to the end of the same reference numeral.
For example, a plurality of elements having substantially the
same function are distinguished as necessary like a STA
100A and a STA 100B. However, in a case where it is
unnecessary to distinguish elements having substantially the
same function, only the same reference numeral is added.
For example, in a case where it is unnecessary to particularly
distinguish the STA 100A and the STA 100B, they are
simply referred to as “STAs 100.”

[0035] In addition, the STAs 100 according to the first to
fourth embodiments will be distinguished by adding num-
bers corresponding to the embodiments to the ends like an
STA 100-1 to an STA-100 for convenience of description.
Note that the same is true for APs 200.

[0036] Note that description will be given in the following
order.

1. Introduction

[0037] 2. Configurations of system and device

3. First Embodiment

[0038] 3.1. Functions of device
3.2. Flow of processing
3.3 Summary of first embodiment

4. Second Embodiment

[0039] 4.1. Functions of device
4.2. Flow of processing
4.3. Summary of second embodiment

5. Third Embodiment

[0040] 5.1. Functions of processing
5.2. Flow of processing
5.3. Summary of third embodiment

6. Fourth Embodiment

[0041] 6.1. Functions of device
6.2. Flow of processing

6.3. Summary of fourth embodiment
7. Application example

8. Conclusion

1. INTRODUCTION

[0042] First, technologies in relation to a wireless com-
munication device in each embodiment of the present dis-
closure will be described. The technologies include the
aforementioned multiple access communication technolo-
gies. The multiple access communication technologies
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include downlink (hereinafter, also referred to as DL) mul-
tiple access communication in which signals are simultane-
ously transmitted from an access point (AP) to a plurality of
stations (STAs) and uplink multiple access communication
in which signals are simultaneously transmitted from a
plurality of STAs to an AP. Here, downlink MU-MIMO,
which is one kind of downlink multiple access communi-
cation, has already been defined as a communication stan-
dard (IEEE 802.11ac). Meanwhile, uplink multiple access
communication is currently being examined and has not
been defined as a communication standard. This is because
wireless LAN communication is a communication system of
a random access scheme while the uplink multiple access
communication has properties that are close to those of
communication that a plurality of specific STAs simultane-
ously perform, that is, communication of a so-called control
access scheme. In the stage of reviewing, the uplink multiple
access communication is considered to be realized by using
trigger frames or the like for designating STAs that are
permitted to perform uplink multiple access communication,
communication periods, and the like.

[0043] Here, the STAs that are caused to simultaneously
perform communication are grouped in multiple access
communication. Further, it is desirable that the group of
STAs be selected such that a target value of reception
properties can be secured. In a case in which reception
power densities of signals received from the respective
STAs in the same group are different in the AP, for example,
the signals are distorted due to non-linearity or quantization
of radio frequency (RF) circuits, analog circuits, or analog-
digital converters included in the AP. As a result, there is a
concern that reception properties such as a signal interfer-
ence noise ratio (SINR) will deteriorate.

[0044] Meanwhile, collecting transmission power perfor-
mance information in advance and executing grouping in
multiple access communication by using the performance
information is also considered. For example, the AP collects,
in advance, information indicating a range of transmission
power of the STAs that can be set and selects, as members
of the same group, STAs with transmission power such that
reception power densities in the AP fall within a predeter-
mined range can be set, on the basis of the collected
information.

[0045] However, the individual wireless communication
devices typically have different precision in transmission
power. There is a concern that signals will be transmitted
with transmission power that is different from designated
transmission power since the STAs have different precision
in controlling transmission power, for example. Therefore,
dispersion may occur in reception power densities, and
reception properties may be degraded even if grouping is
performed as described above.

[0046] Thus, the STAs 100 transmit first signals (herein-
after, also referred to as transmission power precision noti-
fication signals) storing first information (hereinafter, also
referred to as transmission power precision information)
with which precision or accuracy (hereinafter, collectively
referred to as precision) of transmission power is recog-
nized, and the AP 200 executes grouping in multiple access
communication on the basis of transmission power precision
information stored in the received transmission power pre-
cision notification signal, in the present disclosure. In this
manner, it is possible to form a group of STAs 100 such that
reception power densities of the signals received from the
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STAs 100 fall within a predetermined range in the AP 200
even if precision of transmission power of the STAs 100 is
dispersed. Therefore, it is possible to suppress degradation
of reception properties in a case in which the plurality of
STAs 100 and the AP 200 simultaneously perform commu-
nication.

2. CONFIGURATIONS OF SYSTEM AND
DEVICE

[0047] Next, configurations of the wireless communica-
tion system according to each embodiment of the present
disclosure and of the wireless communication device for
realizing the wireless communication system will be
described. First, the configuration of the wireless commu-
nication system will be described with reference to FIG. 1.
FIG. 1 is a diagram illustrating a configuration example of
the wireless communication system according to each
embodiment of the present disclosure.

[0048] As illustrated in FIG. 1, the wireless communica-
tion system includes an AP 200 and a plurality of STAs 100
as wireless communication devices. The AP 200 and the
STAs 100 can communicate with each other and perform
communication after establishing connection for communi-
cation. Further, STAs 100A and STAs 100B have different
precision of transmission power. For example, precision of
transmission power of STAs 100A1 to 100AS5 as illustrated
in FIG. 1 is higher than that of STAs 100B1 to 100B5.
[0049] Next, functional configurations and basic functions
of the STAs 100 and the AP 200 will be described with
reference to FIG. 2. FIG. 2 is a block diagram schematically
illustrating an example of the functional configurations of
the STAs 100 and the P 200 according to each embodiment
of the present disclosure. Note that since the functional
configurations of the STAs 100 and the AP 200 are substan-
tially the same, only the STAs 100 will be described.
[0050] As illustrated in FIG. 2, each of the STAs 100
includes a data processing unit 110, a wireless communica-
tion unit 120, and a control unit 130. Note that a power
source unit that supplies electric power to the respective
functions is provided in each of the STAs 100 although they
are not illustrated in the drawing. The power source unit is
realized by a fixed power source, a battery, or the like.

(Data Processing Unit)

[0051] The data processing unit 110 performs processing
for transmitting and receiving data. Specifically, the data
processing unit 110 generates a frame (or a packet) on the
basis of data from a higher communication layer and pro-
vides the generated frame to a signal processing unit 121,
which will be described later. For example, the data pro-
cessing unit 110 performs processing of generating a frame
from data and adding a media access control (MAC) header
for MAC or adding a detection code or the like to the
generated frame. Also, the data processing unit 110 extracts
data from a received frame and provides the extracted data
to a higher communication layer. For example, the data
processing unit 110 acquires data by performing, on the
received frame, analysis of the MAC header, code error
detection and correction, reordering processing, and the like.

(Wireless Communication Unit)

[0052] The wireless communication unit 120 includes a
signal processing unit 121, a channel estimation unit 122, a
wireless interface unit 123, and an amplification unit 124 as
illustrated in FIG. 2.
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[0053] The signal processing unit 121 performs modula-
tion processing on a frame. Specifically, the signal process-
ing unit 121 generates a symbol stream by performing
encoding, interleaving, and modulation on a frame provided
from the data processing unit 110 in accordance with coding
and a modulation scheme set by the control unit 130. In
addition, the signal processing unit 121 acquires a frame by
performing demodulation, decoding, or the like on a symbol
stream obtained through spatial processing and provides the
acquired frame to the data processing unit 110 or the control
unit 130.

[0054] In addition, the signal processing unit 121 performs
processing related to space division multiplexing commu-
nication. Specifically, the signal processing unit 121 per-
forms signal processing related to space separation on the
generated symbol stream and provides each symbol stream
obtained through the processing to the wireless interface unit
123. Also, the signal processing unit 121 performs spatial
processing, for example, separation processing or the like of
a symbol stream on a symbol stream related to a signal
obtained from the wireless interface unit 123.

[0055] In addition, the signal processing unit 121 may
perform other processing related to multiplexing communi-
cation. For example, the signal processing unit 121 may
perform processing related to frequency division multiplex-
ing communication, orthogonal frequency division multi-
plexing communication, or code division multiplexing com-
munication.

[0056] The channel estimation unit 122 estimates a chan-
nel gain. Specifically, the channel estimation unit 122 cal-
culates complex channel gain information from a preamble
part or a training signal part of the signal related to the
symbol stream obtained from the wireless interface unit 123.
Note that the calculated complex channel gain information
is provided to the signal processing unit 121 via the control
unit 130 or directly and is then used for modulation pro-
cessing, space separation processing, and the like.

[0057] The wireless interface unit 123 generates signals to
be transmitted and received via an antenna. Specifically, the
wireless interface unit 123 converts a signal related to a
symbol stream provided from the signal processing unit 121
into an analog signal, performs filtering thereon, and per-
forms frequency up-converting. Then, the wireless interface
unit 123 provides the obtained signal to the amplification
unit 124. Also, the wireless interface unit 123 performs
processing, which is opposite to that in signal transmission,
for example, frequency down-converting, digital signal con-
version, or the like on the signal obtained from the ampli-
fication unit 124 and provides the signal obtained through
the processing to the channel estimation unit 122 and the
signal processing unit 121.

[0058] The amplification unit 124 amplifies the signal.
Specifically, the amplification unit 124 amplifies the analog
signal provided from the wireless interface unit 123 to
predetermined electric power and causes the signal obtained
through the amplification to be transmitted via the antenna.
Also, the amplification unit 124 amplifies a signal related to
electric waves received via the antenna to predetermined
electric power and provides the signal obtained through the
amplification to the wireless interface unit 123. The ampli-
fication unit 124 is realized by a power amplification mod-
ule, for example. Note that either or both of a function of
amplifying transmission electric waves and a function of
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amplifying reception electric waves of the amplification unit
124 may be incorporated in the wireless interface unit 123.
[0059] Note that, although FIG. 2 describes the example of
the configurations (the wireless interface units 123A and
123B and the amplification units 124A and 124B) in a case
in which two antennas are provided in each STA 100, the
number of antennas provided may be three or more or may
be one.

(Control Unit)

[0060] The control unit 130 controls overall operations of
each STA 100. Specifically, the control unit 130 performs
processing such as exchange of information between the
respective functions, setting of communication parameters,
and scheduling of a frame in the data processing unit 110. In
particular, the control unit 130 performs control of trans-
mission power, a notification of transmission power preci-
sion information, formation of a group for multiple access
communication based on the transmission power precision
information, and control of communication and the like
based on the notification of the group and the group in the
notification.

3. FIRST EMBODIMENT

[0061] Next, the first embodiment of the present disclo-
sure will be described. In the first embodiment, a plurality of
STAs 100-1 are divided into a group that performs multiple
access communication and a group that performs single
access communication on the basis of transmission power
precision information.

3.1. Functions of Device

[0062] First, the respective functions of the STAs 100-1
and an AP 200-1 that serve as wireless communication
devices according to the embodiment will be described.

(Notification of Transmission Power Precision Information)

[0063] Each STA 100-1 notifies the AP 200-1 of transmis-
sion power precision information (first information). Spe-
cifically, the control unit 130 causes the data processing unit
110 to generate a transmission power precision notification
signal (first signal) storing transmission power precision
information if a transmission power precision information
transmission timing is reached. Then, the wireless commu-
nication unit 120 transmits the generated transmission power
precision notification signal. Meanwhile, the AP 200-1
receives the transmission power precision information. Spe-
cifically, the data processing unit 210 acquires transmission
power precision information from the transmission power
precision notification signal received by the wireless com-
munication unit 220. Then, the acquired transmission power
precision information is provided to the control unit 230.

[0064] The transmission power precision information
includes information related to an error between a setting
value and an actually measured value of transmission power
(hereinafter, also referred to as error information). For
example, the error information may be information indicat-
ing a numerical value of the error between the setting value
and the actually measured value or may be information
indicating a grade classified in accordance with the numeri-
cal value of the error. Note that the error information may be
set in a stage of manufacturing or testing each STA 100-1 or
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the like or may be set or updated later on the basis of an
instruction from a user of each STA 100-1 or the AP 200-1.

[0065] Note that the transmission power precision notifi-
cation signal may be a dedicated frame for communicating
the transmission power precision information or may be a
frame for another purpose that has a field in which the
transmission power precision information is stored. In addi-
tion, the transmission power precision notification signal
may be transmitted at predetermined time intervals, may be
transmitted in a case in which a predetermined condition is
satisfied, or may be transmitted on the basis of a transmis-
sion request from the AP 200-1. In addition, the transmission
power precision notification signal may be communicated
by using either the multiple access communication scheme
or the single access communication scheme.

(Formation of Group)

[0066] The AP 200-1 decides a group of the STAs 100-1
that perform multiple access communication (hereinafter,
also referred to as a multiple access communication group)
on the basis of the transmission power precision informa-
tion. Specifically, the control unit 230 identifies at least one
STA 100-1 as a member of the multiple access communi-
cation group on the basis of the transmission power preci-
sion information. More specifically, the control unit 230
decides the multiple access communication group on the
basis of transmission power control information and a
threshold value. For example, the control unit 230 identifies
the STAs 100-1 with the transmission power precision
information that is equal to or greater than the threshold
value as members of the multiple access communication
group. In detail, the control unit 230 decides the STAs 100-1
with numerical values of errors related to precision of
transmission power that are less than the threshold value, in
grades of errors that are less than the threshold value, or with
evaluation values in relation to the errors that are equal to or
greater than the threshold value as members of the multiple
access communication group.

[0067] In addition, the AP 200-1 decides a group of the
STAs 100-1 that perform single access communication
(hereinafter, also referred to as a multiple access communi-
cation group) on the basis of the transmission power preci-
sion information. Specifically, the control unit 230 decides
the single access communication group on the basis of
transmission power control information and a threshold
value. For example, the control unit 230 identifies the STAs
100-1 with the transmission power precision information
that is less than the threshold value as members of the single
access communication group. In detail, the control unit 230
decides the STAs 100-1 with numerical values of errors
related to precision of transmission power that are equal to
or greater than the threshold value, in grades of errors that
are equal to or greater than the threshold value, or with
evaluation values in relation to the errors that are less than
the threshold value as members of the single access com-
munication group.

[0068] Although the example in which the group is formed
by using the threshold value of the transmission power
precision information has been described above, the group
may be formed on the basis of a relative relationship
between pieces of transmission power precision information
provided in notifications from the plurality of STAs 100-1.
For example, the group of the STAs 100-1 may be divided
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into a higher group and a lower group in ranking of the
numerical values of the errors related to precision of trans-
mission power.

(Notification of Group)

[0069] The AP 200-1 notifies the STAs 100-1 of the
decided group via communication. Specifically, the control
unit 230 causes the data processing unit 210 to generate a
group notification signal (second signal) for providing a
notification of the multiple access communication group
directed to the members of the decided multiple access
communication group, and the generated signal is transmit-
ted by the wireless communication unit 220. For example,
the control unit 230 causes the data processing unit 210 to
generate a group notification frame for providing a notifi-
cation of the multiple access communication group directed
to the STAs 100-1 decided as the members of the multiple
access communication group. Then, the generated group
notification frame is transmitted by the wireless communi-
cation unit 220.

[0070] In addition, the control unit 230 causes the data
processing unit 210 to generate a group notification signal
for providing a notification about a decided single access
communication group, and the generated signal is transmit-
ted by the wireless communication unit 220. For example,
the control unit 230 causes the data processing unit 210 to
generate a group notification frame for providing a notifi-
cation of the single access communication group directed to
the STAs 100-1 decided as members of the single access
communication group. Then, the generated group notifica-
tion frame is transmitted by the wireless communication unit
220. Note that the control unit 230 may not transmit the
group notification frame to the STAs 100-1 decided as the
single access communication group.

[0071] Group assignment information is stored in the
group notification signal. Specifically, the group assignment
information is information with which the STAs 100-1 are
identified in the assigned group or information indicating a
group to which the STAs 100-1 belong. For example,
identification information or a group ID of the STAs 100-1,
which is unique in the group, is stored in the group notifi-
cation frame. Note that the group notification signal may be
realized by a transmission permission signal, which will be
described later. For example, the group assignment infor-
mation is stored in the transmission permission signal.
[0072] The STAs 100-1 register the group in the notifica-
tion provided from the AP 200-1. Specifically, the data
processing unit 110 determines whether or not a destination
of the group notification frame received by the wireless
communication unit 120 is the STAs 100-1 themselves. If it
is determined that the STAs 100-1 themselves are the
destination, the data processing unit 110 acquires group
assignment information from the group notification frame,
and the acquired group assignment information is stored in
a storage unit (not illustrated).

(Notification of Transmission Permission)

[0073] The AP 200-1 notifies each group of transmission
permission via communication. Specifically, the control unit
230 causes the data processing unit 210 to generate a
transmission permission signal (second signal) directed to
the STAs 100-1 that are the members of the multiple access
communication group after the transmission of the group
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notification signal, and the generated transmission permis-
sion signal is transmitted by the wireless communication
unit 220. For example, the control unit 230 causes the data
processing unit 210 to generate a trigger frame directed to
the STAs 100-1 decided as the members of the multiple
access communication group. Then, the generated trigger
frame is transmitted by the wireless communication unit
220. Note that in a case in which a plurality of multiple
access communication groups are decided, the trigger frame
is transmitted for each of the multiple access communication
groups.

[0074] Communication parameter information used in sig-
nal transmission is stored in the transmission permission
signal. For example, the communication parameter informa-
tion includes information such as a transmission period,
transmission power, and a modulation and coding set
(MCS). Note that the communication parameter information
stored in the transmission permission signal may be different
for each of the plurality of multiple access communication
groups or may be different from communication parameters
that the STAs 100-1 that are the members of single access
communication group use in communication. Also, the
communication parameter information may be stored in the
aforementioned group notification signal. In addition, the
transmission permission signal may be a signal for another
purpose that has a field in which the information indicating
transmission permission and the communication parameter
information are stored.

(Multiple Access Communication)

[0075] The STAs 100-1 control transmission of a signal
(third signal) on the basis of a notification of a group and a
notification of transmission permission. Specifically, the
control unit 130 controls transmission of a signal based on
a communication parameter stored in a transmission per-
mission signal in response to reception of the transmission
permission signal directed to a multiple access communica-
tion group in the notification provided through the group
notification signal. If a trigger frame is received, for
example, the data processing unit 110 determines whether or
not a multiple access communication group that is a desti-
nation of the trigger frame is a registered group to which the
STAs 100-1 themselves belong. When it is determined that
the destination of the trigger frame is a group that has
already been registered, the data processing unit 110
acquires communication parameter information to be stored
in the trigger frame, and the control unit 130 sets a com-
munication parameter such as transmission power or MCS
on the basis of the acquired communication parameter. If a
transmission period indicated by the acquired communica-
tion parameter information has arrived, then the control unit
130 causes the data processing unit 110 to generate a frame,
and the generated frame is transmitted by the wireless
communication unit 120. Similar processing is executed in
the other STAs 100-1 that belong to the same multiple access
communication group. As a result, frequency division mul-
tiplexing, space division multiplexing, or code division
multiplexing is performed on the frame transmitted from the
respective STAs 100-1, and the multiple access communi-
cation is realized.

[0076] The AP 200-1 receives frames that are transmitted
from the plurality of STAs 100-1 after the transmission of
the trigger frame and are then multiplexed. Specifically, the
wireless communication unit 220 separates the respective
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frames from a multiplexed frame received after the trans-
mission of the trigger frame, and the data processing unit
210 performs reception processing on the separated frames.
Then, data obtained through the reception processing is
provided to a higher communication layer, the control unit
230, or the like.

(Single Access Communication)

[0077] The STAs 100-1 controls transmission of a signal
on the basis of a notification of a group. Specifically, if a
notification of assignment to a single access communication
group is provided through a group notification signal, and
the single access communication group is registered, the
control unit 130 controls transmission of a signal in a
transmission period that is different from that of multiple
access communication. For example, the control unit 130
executes single access communication after elapse of a
predetermined time from an end of multiple access commu-
nication performed after reception of a trigger frame. Note
that the single access communication may be executed
before execution of multiple access communication, that is,
before communication of the trigger frame.

3.2. Flow of Processing

[0078] Next, a flow of processing of the wireless commu-
nication system according to the embodiment will be
described with reference to FIG. 3. FIG. 3 is a sequence
diagram conceptually illustrating an example of the process-
ing of the wireless communication system according to the
embodiment.

[0079] STAs 100-1A1 to 100-1A5 and STAs 100-1B1 to
100-1B5 transmit transmission power precision notification
signals to the AP 200-1 (Step S301). The AP 200-1 that has
received the transmission power precision notification sig-
nals forms groups on the basis of the transmission power
precision information (Step S302). Next, the AP 200-1
transmits multiple access communication group notification
signals to the STAs 100-1A1 to 100-1A5 that are members
of the multiple access communication groups (Step S303).
Also, the AP 200-1 transmits single access communication
group notification signals to the STAs 100-1B1 to 100-1B5
that are the members of the single access communication
group (Step S304).

[0080] Next, the AP 200-1 transmits transmission permis-
sion signals to the STAs 100-1A1 to 100-1AS5 that are the
members of the multiple access communication group (Step
S305). The STAs 100-1A1 to 100-1A5 that have received
the transmission permission signals transmit signals to the
AP 200-1 (Step S306). Note that frames transmitted from the
STAs 100-1A1 to 100-1A5 are subjected to frequency
division multiplexing, space division multiplexing, or code
division multiplexing. The AP 200-1 that has received the
multiplexed signals transmits delivery confirmation signals
to the respective STAs 100-1A1 to 100-1A5 that are trans-
mission sources of the received signals (Step S307).

[0081] After the multiple access communication ends, the
STAs 100-1B1 to 100-1B5 that are the members of the
single access communication group transmit signals to the
AP 200-1 (Step S308). The AP 200-1 that has received
non-multiplexed signals transmits delivery confirmation sig-
nals to the respective STAs 100-1B1 to 100-1B5 that are
transmission sources of the received signals (Step S309).
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[0082] Then, processing of the STAs 100-1 and the AP
200-1 according to the embodiment will be individually
described.

(Processing of AP)

[0083] First, overall processing of the AP 200-1 will be
described with reference to FIG. 4. FIG. 4 is a flowchart
conceptually illustrating an example of overall processing of
the AP 200-1 according to the embodiment.

[0084] If it is determined that the transmission power
precision notification signals have been received (Step S401/
YES), the AP 200-1 forms multiple access communication
groups on the basis of the transmission power precision
information (Step S402). Specifically, the control unit 230
forms the multiple access communication groups on the
basis of the transmission power precision information stored
in received transmission power precision notification frames
and a threshold value. Note that details thereof will be
described later.

[0085] In addition, if it is determined that a single access
communication group is to be formed (Step S403/YES), the
AP 200-1 forms the single access communication group on
the basis of the transmission power precision information
(Step S404). Specifically, the control unit 230 forms the
single access communication group on the basis of the
transmission power precision information stored in the
received transmission power precision notification frames
and the threshold value. Note that the single access com-
munication group may not be formed.

[0086] Next, the AP 200-1 transmits group notification
signals (Step S405). Specifically, the control unit 230 causes
the data processing unit 210 to generate multiple access
communication group notification frames for providing the
notifications of the formed multiple access communication
group, and the generated frame is transmitted by the wireless
communication unit 220. In addition, the control unit 230
causes the data processing unit 210 to generate the single
access communication group notification frames for provid-
ing the notifications of the formed single access communi-
cation group, and the generated frames are transmitted by
the wireless communication unit 220. Note that in a case in
which the single access communication group is not formed,
the single access communication group notification frames
are not transmitted.

[0087] Thereafter, the AP 200-1 transmits transmission
permission signals to the multiple access communication
group (Step S406). Specifically, the control unit 230 causes
the data processing unit 210 to generate trigger frames
storing communication parameter information directed to
the STAs 100-1 that are the members of the multiple access
communication group after the transmission of the multiple
access communication group notification frames. Then, the
generated trigger frames are transmitted by the wireless
communication unit 220.

[0088] Note that the multiple access communication with
the STAs 100-1 that are the members of the multiple access
communication group is performed and the single access
communication with the STAs 100-1 that are the members
of'the single access communication group is then performed.
Specifically, the wireless communication unit 220 receives
frames simultaneously transmitted from the STAs 100-1 and
multiplexed and separates the respective frames. Then, the
data processing unit 210 performs reception processing on
the respective frames obtained through the separation and
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provides data obtained through the reception processing to
the higher communication layer or the control unit 230. In
addition, if the frames are received by the wireless commu-
nication unit 220, the control unit 230 causes the data
processing unit 210 to generate acknowledgement (ACK)
frames directed to transmission sources of the received
frames and causes the wireless communication unit 220 to
transmit the generated ACK frames.

[0089] Further, multiple access communication group for-
mation processing of the AP 200-1 will be described in detail
with reference to FIG. 5. FIG. 5 is a flowchart conceptually
illustrating an example of multiple access communication
group formation processing of the AP 200-1 according to the
embodiment.

[0090] Ina case in which the transmission power precision
information is an error value (Step S501/YES), the AP 200-1
sets STAs 100-1 with error values that are less than a
threshold value in the multiple access communication group
(Step S502).

[0091] In addition, in a case in which the transmission
power precision information is an error grade (Step S503/
YES), the AP 200-1 sets the STAs 100-1 with relatively low
error grades in the multiple access communication group
(Step S504).

[0092] In addition, in a case in which the transmission
power precision information is an error evaluation value
(Step S505/YES), the AP 200-1 sets the STAs 100-1 with
evaluation values that are equal to or greater than a threshold
value in the multiple access communication group (Step
S506).

(Processing of STA)

[0093] Next, overall processing of each STA 100-1 will be
described with reference to FIG. 6. FIG. 6 is a flowchart
conceptually illustrating an example of overall processing of
the STA 100-1 according to the embodiment.

[0094] The STA 100-1 periodically transmits a transmis-
sion power precision notification signal (Step S601). Spe-
cifically, the control unit 130 periodically causes the data
processing unit 110 to generate a transmission power pre-
cision notification frame storing transmission power preci-
sion information, and the generated frame is transmitted by
the wireless communication unit 120.

[0095] In addition, if a group notification signal is
received (Step S602/YES), the STA 100-1 acquires infor-
mation from the group notification signal (Step S603).
Specifically, the data processing unit 110 acquires group
assignment information stored in the received group notifi-
cation frame and causes a storage unit to store the acquired
group assignment information.

[0096] Ifa transmission permission signal is received after
the reception of the group notification signal (Step S604/
YES), the STA 100-1 acquires information from the trans-
mission permission signal (Step S605). Specifically, the data
processing unit 110 acquires communication parameter
information from a trigger frame received by the wireless
communication unit 120 in a case in which the trigger frame
indicates a group to which the STA 100-1 itself belongs.
[0097] Then, the STA 100-1 transmits a signal on the basis
of the acquired information (Step S606). Specifically, the
control unit 130 causes the data processing unit 110 to
generate a frame directed to the AP 200-1 on the basis of a
transmission period and a transmission frequency indicated
by the acquired communication parameter information and
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causes the wireless communication unit 120 to transmit the
generated frame. In this manner, the frame transmitted from
the STA 100-1 is multiplexed.

[0098] Note that in a case in which the STA 100-1 belongs
to a single access communication group, the STA 100-1
performs single access communication. Specifically, if it is
confirmed that a transmission path is vacant by performing
processing such as carrier sensing after ending multiple
access communication, the control unit 130 causes the data
processing unit 110 to generate a frame and causes the
wireless communication unit 120 to transmit the generated
frame.

[0099] In addition, the STA 100-1 receives a delivery
confirmation signal for the transmitted signal. Specifically, if
an ACK frame for the frame transmitted by using multiple
access communication or single access communication is
received by the wireless communication unit 120, the con-
trol unit 130 causes the transmission of the frame using the
multiple access communication or the single access com-
munication to end.

3.3. Summary of First Embodiment

[0100] According to the first embodiment of the present
invention, the AP 200-1 receives the first signal storing the
first information with which precision or accuracy of trans-
mission power is recognized and transmits the second signal
related to permission of multiple access that allows simul-
taneous communication to at least one first wireless com-
munication device identified on the basis of the first infor-
mation as described above. In addition, the STA 100-1
transmits the first signal, receives the second signal after the
transmission of the first signal, and controls transmission of
the third signal on the basis of the second signal.

[0101] Conventionally, it is considered that the AP selects
STAs capable of setting transmission power such that recep-
tion power density of the signal, which is transmitted from
the STA through the multiple access communication, in the
AP is within a predetermined range as members of the same
group. However, since precision of the transmission power
of the wireless communication devices are individually
different in general, there is a concern that dispersion occurs
in the reception power density even if the multiple access
communication group is formed on the basis of settable
transmission power. As a result, reception properties in the
AP may deteriorate.

[0102] Meanwhile, according to the embodiment, it is
possible to suppress a gap between the reception power
density and an assumed reception power density of signals
that the AP 200-1 receives from the STAs 100-1 from
increasing by the multiple access communication group
being formed in consideration of the transmission power
precision information. Therefore, it is possible to prevent
reception properties from deteriorating in a case in which a
plurality of STAs 100-1 simultaneously perform communi-
cation by distortion or the like of received signals being
prevented.

[0103] In addition, the aforementioned at least one first
wireless communication device is identified on the basis of
the first information and the threshold value for the first
information. Therefore, it is possible to control precision
levels related to the transmission power of the members of
the formed multiple access communication group by the
multiple access communication group being formed through
comparison with the specific value. Therefore, it is possible
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to control a degree of a decrease in the reception properties
permitted for the multiple access communication group.
Note that the threshold value may be set in a static manner
or may be dynamically changed.

[0104] In addition, the AP 200-1 transmits the aforemen-
tioned second signal to a first transmission source of the first
signal storing the aforementioned first information that is
equal to or greater than the aforementioned threshold value.
Therefore, it is possible to reliably secure reception prop-
erties permitted for the multiple access communication
group by causing the STAs 100-1 with precision that is equal
to or greater than a predetermined level to perform multiple
access communication.

[0105] In addition, the AP 200-1 transmits a signal indi-
cating permission of signal connection to the first transmis-
sion source of the aforementioned first signal storing the first
information that is less than the threshold value. Therefore,
it is possible to explicitly indicate that the STAs 100-1 has
not been selected as the members of the multiple access
communication group for the STAs 100-1. Therefore, it is
possible to prevent the STAs 100-1 from continuously
waiting for the third signal. In addition, it is not necessary
for the AP 200-1 to transmit the aforementioned second
signal to the aforementioned first transmission source. In
this case, it is possible to reduce the amount of communi-
cation by the STAs 100-1 recognizing assignment to the
single access communication group. Therefore, it is possible
to improve efficiency of the communication.

[0106] In addition, the aforementioned second signal
includes a transmission permission signal indicating permis-
sion of multiple access that allows the aforementioned
simultaneous communication, and the STAs 100-1 controls
transmission of the aforementioned third signal on the basis
of communication parameters stored in the transmission
permission signal. Therefore, it is possible to prevent the
signals to be communicated from increasing by the notifi-
cation of the multiple access communication group in rela-
tion to the third signal being provided along with the
notification of the transmission permission of the third
signal. In particular, it becomes easy to apply the configu-
ration of the AP 200-1 or the STAs 100-1 to existing wireless
communication devices by an existing trigger frame being
used as the transmission permission signal.

[0107] In addition, the aforementioned second signal
includes a group notification signal for providing a notifi-
cation of the group to which the aforementioned first wire-
less communication device that is permitted to perform
multiple access that allows the aforementioned simultaneous
communication belongs, and the STAs 100-1 controls trans-
mission of the third signal in accordance with reception of
a transmission permission signal indicating permission of
multiple access that allows the aforementioned simultaneous
communication, which is directed to the group in the noti-
fication provided in the group notification signal. Therefore,
it is possible to separate the timing of the notification of the
group from the timing of the notification of the transmission
permission. Accordingly, it is possible to prevent the trans-
mission of the third signal from being started by the noti-
fication of the group.

[0108] In addition, the multiple access that allows the
aforementioned simultaneous communication includes
space division multiple access. Therefore, it is possible to
enhance the effect of improving efficiency of communica-
tion through the space division multiple access. In a case in
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which MIMO is also used on the side of the STAs 100-1, in
particular, the number of communication streams increases,
and therefore, the width of variations in the reception power
density due to dispersion of precision of transmission power
tends to increase. Therefore, the functions of the AP 200-1
and the STA 100-1 according to the embodiment are useful.
Note that the multiple access that allows the aforementioned
simultaneous communication may be frequency division
multiple access or code division multiple access.

[0109] In addition, the aforementioned first information
includes information related to an error between a setting
value and an actually measured value of transmission power.
Therefore, it is possible to enhance accuracy of grouping of
the STAs 100-1 that perform multiple access communica-
tion. Accordingly, it is possible to suppress dispersion of
reception power densities of the signals transmitted from the
grouped STAs 100-1 and to effectively prevent reception
properties from deteriorating.

4. SECOND EMBODIMENT

[0110] Next, a second embodiment of the present disclo-
sure will be described. In the second embodiment, a plurality
of STAs 100-2 are divided into a plurality of groups that
perform multiple access communication on the basis of
transmission power precision information.

4.1. Functions of Device

[0111] First, the respective functions of the STAs 100-2
and an AP 200-2 that are wireless communication devices
according to the embodiment will be described. Note that
description of functions that are substantially the same as the
functions in the first embodiment will be omitted.

(Formation of Group)

[0112] The AP 200-2 decides a plurality of groups of the
STAs 100-2 that perform multiple access communication on
the basis of transmission power precision information. Spe-
cifically, the control unit 230 decides the STAs 100-2 with
transmission power precision information that is equal to or
greater than a threshold value as members of a first multiple
access communication group and decides the STAs 100-2
with transmission power precision information that is less
than the threshold value as members of a second multiple
access communication group. For example, the control unit
230 decides the STAs 100-2 with numerical values of errors
related to precision of transmission power that are less than
a threshold value, with error grades that are less than a
threshold value, or with evaluation values related to errors
that are equal to or greater than a threshold value as
members of the first multiple access communication group.
In addition, the control unit 230 decides the STAs 100-2 with
numerical values of errors related to precision of transmis-
sion power that are equal to or greater than the threshold
value, with error grades that are equal to or greater than the
threshold value, or with evaluation values related to errors
that are less than the threshold value as members of the
second multiple access communication group.

(Notification of Group)

[0113] The AP 200-2 transmits group notification signals
for providing notifications of the multiple access commu-
nication groups directed to the members of the plurality of
decided multiple access communication groups. Specifi-
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cally, the control unit 230 causes the data processing unit
210 to generate group notification frames that provide
notifications of members of the first multiple access com-
munication group and members of the second multiple
access communication group, and the generated group noti-
fication frames are transmitted by the wireless communica-
tion unit 220. For example, the control unit 230 causes the
data processing unit 210 to generate group notification
frames for providing notifications of the multiple access
communication groups directed to the STAs 100-2 decided
as the members of the first multiple access communication
groups and the STAs 100-2 decided as the members of the
second multiple access communication group. Then, the
generated group notification frames are transmitted by the
wireless communication unit 220. Note that the notifications
of the plurality of multiple access communication groups
may be individually performed. Also, the plurality of mul-
tiple access communication groups may be three or more
groups.

(Notification of Transmission Permission)

[0114] The AP 200-2 transmits the respective transmission
permission signals to the plurality of multiple access com-
munication groups. Specifically, the control unit 230 con-
trols transmission of first transmission permission signals to
the first multiple access communication group and controls
transmission of second transmission permission signals to
the second multiple access communication groups. For
example, the control unit 230 causes the data processing unit
210 to generate first trigger frames directed to the members
of the first multiple access communication group, and the
generated first trigger frames are transmitted by the wireless
communication unit 220. Thereafter, if the multiple access
communication and communication of ACK frames are
completed, the control unit 230 causes the data processing
unit 210 to generate second trigger frames directed to the
members of the second multiple access communication
group, and the generated second trigger frame is transmitted
by the wireless communication unit 220.

[0115] Note that first communication parameter informa-
tion stored in the first transmission permission signals may
be different from second communication parameter infor-
mation stored in the second transmission permission signals.
Specifically, communication parameter information related
to noise resistance in communication stored in the first
trigger frames is different from the communication param-
eter information stored in the second trigger frames. The
communication parameters include a modulation scheme, a
coding scheme, or MCS. For example, MCS information
with higher communication reliability (redundancy and the
like) than that of MCS information stored in the first trigger
frames is stored in the second trigger frames transmitted to
the members of the second multiple access communication
group with precision of transmission power that is lower
than precision of transmission power for the first multiple
access communication group. This is because reception
properties of the signals transmitted from the members of
the second multiple access communication group are con-
sidered to be relatively degraded since precision of trans-
mission power for the second multiple access communica-
tion group is lower than precision for the first multiple
access communication group.
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4.2. Flow of Processing

[0116] Next, a flow of processing of the wireless commu-
nication system according to the embodiment will be
described with reference to FIG. 7. FIG. 7 is a sequence
diagram conceptually illustrating an example of the process-
ing of the wireless communication system according to the
embodiment.

[0117] STAs 100-2A1 to 100-2A5 and STAs 100-2B1 to
100-2B5 transmit transmission power precision notification
signals to the AP 200-2 (Step S311). The AP 200-2 that has
received the transmission power precision notification sig-
nals form a plurality of multiple access communication
groups on the basis of transmission power precision infor-
mation (Step S312). Next, the AP 200-2 transmits multiple
access communication group notification signals to the
STAs 100-2A1 to 100-2A5 that are the members of the first
multiple access communication group and the STAs 100-
2B1 to 100-2B5 that are the members of the second multiple
access communication group (Step S313).

[0118] Next, the AP 200-2 transmits transmission permis-
sion signals to the STAs 100-2A1 to 100-2A5 that are the
members of the first multiple access communication group
(Step S314). The STAs 100-2A1 to 100-2A5 that have
received the transmission permission signals transmit sig-
nals to the AP 200-2 (Step S315). Note that frames trans-
mitted from the STAs 100-2A1 to 100-2A5 are subjected to
frequency division multiplexing, space division multiplex-
ing, or code division multiplexing. The AP 200-2 that has
received the multiplexed signals transmits delivery confir-
mation signals to the respective STAs 100-2A1 to 100-2A5
that are transmission sources of the received signals (Step
S316).

[0119] After the first multiple access communication ends,
the AP 200-2 transmits transmission permission signals to
the STAs 100-2B1 to 100-2B5 that are the members of the
second multiple access communication group (Step S317).
The STAs 100-2B1 to 100-2B5 that have received the
transmission permission signals transmit signals to the AP
200-2 (Step S318). The AP 200-2 that has received the
multiplexed signals transmits delivery confirmation signals
to the respective STAs 100-2B1 to 100-2BS5 that are trans-
mission sources of the received signals (Step S319).
[0120] Next, processing of the STAs 100-2 and the AP
200-2 according to the embodiment will be individually
described. Note that description of processing that is sub-
stantially the same as the processing in the first embodiment
will be omitted.

(Processing of AP)

[0121] First, overall processing of the AP 200-2 will be
described with reference to FIG. 8. FIG. 8 is a flowchart
conceptually illustrating an example of overall processing of
the AP 200-2 according to the embodiment.

[0122] If it is determined that the transmission power
precision notification signals have been received (Step S411/
YES), the AP 200-2 forms first multiple access communi-
cation groups on the basis of the transmission power preci-
sion information (Step S412). Specifically, the control unit
230 forms the first multiple access communication groups
on the basis of the transmission power precision information
stored in received transmission power precision notification
frames and a threshold value.
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[0123] In addition, if it is determined that the second
multiple access communication groups have been formed
(Step S413/YES), the AP 200-2 forms second multiple
access communication groups on the basis of the transmis-
sion power precision information (Step S414). Specifically,
the control unit 230 forms the second multiple access
communication groups on the basis of the transmission
power precision information stored in received transmission
power precision notification frames and a threshold value.
[0124] Next, the AP 200-2 sets communication parameters
related to noise resistance that is different between the first
and second multiple access communication groups (Step
S415). Specifically, the control unit 230 sets, for the second
multiple access communication group, a second communi-
cation parameter with higher reliability than that of a first
communication parameter, such as MCS, which is set for the
first multiple access communication group.

[0125] Next, the AP 200-2 transmits group notification
signals (Step S416). Specifically, the control unit 230 causes
the data processing unit 210 to generate multiple access
communication group notification frames for providing
formed notifications of the first and second multiple access
notification groups, and the generated frames are transmitted
by the wireless communication unit 220.

[0126] Thereafter, the AP 200-2 transmits transmission
permission signals to the respective multiple access com-
munication groups (Step S417). Specifically, the control unit
230 causes the data processing unit 210 and the wireless
communication unit 220 to transmit first trigger frames
storing the set first communication parameter information
directed to the members of the first multiple access com-
munication group. Thereafter, the control unit 230 causes the
data processing unit 210 and the wireless communication
unit 220 to transmit second trigger frames storing second
communication parameter information directed to the mem-
bers of the second multiple access communication group.

4.3. Summary of Second Embodiment

[0127] According to the second embodiment of the present
disclosure, the AP 200-1 transmits the second signals to
second transmission sources of the first signals storing the
first information that is less than the threshold value, and the
communication parameter that is different from the commu-
nication parameter stored in the second signals transmitted
to the first transmission source is stored in the second signal
transmitted to the second transmission source. Therefore, it
is possible to improve efficiency of communication by the
STAs 100-2 with precision of transmission power that is less
than the threshold value also performing the multiple access
communication. Meanwhile, there is a concern that recep-
tion properties for the signals transmitted from the STAs
100-2 with precision of transmission power that is less than
the threshold value may be further degraded than reception
properties for signals transmitted from the STAs 100-2 with
precision of transmission power that is higher than the
threshold value. Thus, it is also possible to maintain a signal
reception success rate for the group with a concern that the
reception properties may relatively deteriorate, by changing
communication parameters used in the multiple access com-
munication for the groups with different precision o trans-
mission power.

[0128] In addition, the aforementioned communication
parameters include communication parameters related to
noise resistance in communication. Therefore, it is possible
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to effectively prevent the groups with the concern that the
reception properties may relatively deteriorate from failing
to receive signals.

5. THIRD EMBODIMENT

[0129] Next, a third embodiment of the present disclosure
will be described. In the third embodiment, a multiple access
communication group is reformed in accordance with a
change in situations.

5.1. Functions of Device

[0130] First, the respective functions of the STAs 100-3
and an AP 200-3 that are wireless communication devices
according to the embodiment will be described. Note that
description of functions that are substantially the same as the
functions in the first or second embodiment will be omitted.

(Detection of Change in Connection for Communication)

[0131] An AP 200-3 detects a change in connection for
communication with STAs 100-3. Specifically, a control unit
230 detects release of connection for communication with
the STAs 100-3 or a start of the connection for the commu-
nication. For example, the control unit 230 detects the
release of the connection or the start of the connection on the
basis of connection release signals (fourth signals) or con-
nection start signals (fourth signals) received from the STAs
100-3.

[0132] Each STA 100-3 notifies the AP 200-3 of release of
connection via communication. Specifically, a control unit
130 notifies the AP 200-3 of release of connection via
communication in a case in which the connection for com-
munication between the STA 100-3 itself and the AP 200-3
is released. In a case in which the connection for commu-
nication is released normally for example, the control unit
130 causes a data processing unit 110 to generate a connec-
tion release signal, and the generated connection release
signal is transmitted by a wireless communication unit 120.
Note that in a case in which the connection for communi-
cation is unintentionally disconnected, the connection
release signal may not be transmitted. Also, the connection
start signal may be a dedicated signal or may be an existing
signal related to release of connection for communication,
such as a disassociation frame or a deauthentication frame.
Also, the release of connection may be temporarily per-
formed. For example, the connection release signal may be
transmitted in accordance with temporal release of connec-
tion for power saving.

[0133] In addition, the STA 100-3 notifies the AP 200-3 of
the start of connection via communication. Specifically, the
control unit 130 notifies the AP 200-3 of the start of
connection via communication in a case in which connection
for communication with the AP 200-3 is newly started. For
example, the control unit 130 causes the data processing unit
110 to generate a connection start signal, and the generated
connection start signal is transmitted by the wireless com-
munication unit 120. Note that the connection start signal
may be a dedicated signal and may be an existing signal
related to the start of connection for communication, such as
a probe request frame, an association request frame, or an
authentication frame. In addition, the start of connection
may be recovered from temporal release of connection. For
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example, the connection start signal may be transmitted in
response to recovery from temporal release of connection
for power saving.

(Detection of Change in Transmission Power Precision
Information)

[0134] The AP 200-3 detects a change in transmission
power precision information. Specifically, the control unit
230 detects a change in the transmission power precision
information on the basis of a notification of a change in the
transmission power precision information or a notification of
the transmission power information. For example, the con-
trol unit 230 detects a change in the transmission power
precision information on the basis of transmission power
precision information change signals (fourth signals)
received from the STAs 100-3. Also, the control unit 230
detects a change in the transmission power precision infor-
mation on the basis of the signals (fourth signals) storing the
transmission power information received from the STAs
100-3, and reception power densities and delivery losses of
the signals.

[0135] Each STA 100-3 notifies the AP 200-3 of the
change in the transmission power precision information.
Specifically, the control unit 130 notifies the AP 200-3 of
transmission power precision information after the change
via communication in a case in which precision of trans-
mission power has changed. In a case in which precision of
transmission power has changed in response to an instruc-
tion from a higher communication layer or transition of a
state of the STA 100-3 to a power saving mode, for example,
the control unit 130 changes the transmission power preci-
sion information. Then, the control unit 130 causes the data
processing unit 110 to generate a change signal storing the
transmission power precision information after the change,
and the generated change signal is transmitted by the wire-
less communication unit 120. Note that the precision of
transmission power may be switched in accordance with a
mode, and the mode may be a mode dedicated for the
precision of transmission power or may be a mode that is
used for another purpose.

[0136] In addition, the control unit 130 notifies the AP
200-3 of transmission power information in a case in which
precision of transmission power has changed. Specifically, if
the precision of transmission power has changed, the control
unit 130 causes the data processing unit 110 to generate a
signal storing transmission power information set in the STA
100-3. Then, the control unit 130 causes the wireless com-
munication unit 120 to transmit the generated signal with
transmission power indicated by transmission power infor-
mation stored in the signal. For example, the signal storing
the transmission power information may be a data frame or
may be a signal for another purpose, such as a management
frame.

(Reformation of Group)

[0137] The AP 200-3 reforms a multiple access commu-
nication group on the basis of detection of a change in
connection for communication. Specifically, if the release of
connection is detected, the control unit 230 excludes the
STAs 100-3, connection with which is to be released, from
the set multiple access communication group. In a case in
which an STA 100-3 that is a transmission source of a
connection release signal is a member of the multiple access
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communication group, for example, the control unit 230
excludes the STA 100-3 from the multiple access commu-
nication group. Note that the control unit 230 may add
another STA 100-3 that has already been connected for
communication to the multiple access communication group
when the STA 100-3, the connection of which is to be
released, is excluded from the multiple access communica-
tion group.

[0138] In addition, if the start of connection is detected,
the control unit 230 determines whether to add the STA
100-3, connection of which is to be started, to the set
multiple access communication group on the basis of the
transmission power precision information of the STA 100-3.
If it is determined that the STA 100-3 is to be added, the
control unit 230 adds the STA 100-3, connection with which
is to be started, to the multiple access communication group.
In a case in which an error value indicated by the transmis-
sion power precision information of the STA 100-3 that is a
transmission source of a connection start signal is less than
a threshold value, the control unit 230 adds the STA 100-3
to the multiple access communication group. Note that the
control unit 230 may exclude any of existing members of the
multiple access communication group when a member is
added to the multiple access communication group.

[0139] In addition, the AP 200-2 reforms the multiple
access communication group on the basis of detection of a
change in the transmission power precision information.
Specifically, if a change in the transmission power precision
information is detected, the control unit 230 determines to
exclude the STA 100-3 from the multiple access communi-
cation group on the basis of the transmission power preci-
sion information after the change. In a case in which the STA
100-3 that is a transmission source of a transmission power
precision information change signal is a member of the
multiple access communication group, for example, the
control unit 230 determines whether or not to exclude the
STA 100-3 from the multiple access communication group
on the basis of the transmission power precision information
after the change. If it is determined that the STA 100-3 is to
be excluded since the error value indicated by the transmis-
sion power precision information is equal to or greater than
a threshold value, the control unit 230 excludes the STA
100-3 from the multiple access communication group. Note
that the transmission power precision information after the
change may be stored in the aforementioned change signal
or may be provided as a notification by using another signal.

[0140] In addition, if a change in the transmission power
precision information is detected, the control unit 230 deter-
mines whether to add the STA 100-3 to the multiple access
communication group on the basis of the transmission power
precision information after the change. In a case in which the
STA 100-3 that is the transmission source of the transmis-
sion power precision information change signal is not the
member of the multiple access communication group, the
control unit 230 determines whether to add the STA 100-3
to the multiple access communication group on the basis of
the transmission power precision information after the
change. If it is determined that the STA 100-3 is to be added
since the error value indicated by the transmission power
precision information is less than a threshold value, the
control unit 230 adds the STA 100-3 to the multiple access
communication group.
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5.2. Flow of Processing

[0141] Next, a flow of group reformation processing of the
wireless communication system according to the embodi-
ment will be described. First, group reformation processing
based on a change in connection for communication will be
described with reference to FIG. 9. FIG. 9 is a sequence
diagram conceptually illustrating an example of the group
reformation processing based on a change in connection for
communication in the wireless communication system
according to the embodiment. Note that the processing
which will be described below may be performed after the
multiple access communication group is once formed.
[0142] The STA 100-3A5 transmits a connection release
signal (Step S321). The AP 200-3 that has received the
connection release signal reforms a group (Step S322).
Then, the AP 200-3 transmits group notification signals for
the reformed group to members of the group except for the
STA 100-3A5, connection with which has been released
(Step S323).

[0143] In addition, the STA 100-3B5 transmits a connec-
tion start signal (Step S324). The AP 200-3 that has received
the connection start signal reforms a group (Step S325).
Then, the AP 200-3 transmits group notification signals for
the reformed group to the members of the group including
the STA 100-3B5, the connection with which has been
started (Step S326).

[0144] Also, group reformation processing based on a
change in transmission power precision information will be
described with reference to FIG. 10. FIG. 10 is a sequence
diagram conceptually illustrating an example of group ref-
ormation processing based on a change in transmission
power precision information of the wireless communication
system according to the embodiment.

[0145] The STA 100-3B1 transmits a transmission power
precision information (Step S331). The AP 200- that has
received the change signal reforms a group on the basis of
the transmission power precision information after the
change (Step S332). The, the AP 200-3 transmits group
notification signals for the reformed group to the STAs
100-3A1 to 100-3B5 that are the members of the group (Step
S333).

[0146] In addition, if the transmission power precision
information changes, the STA 100-3B5 transmits a data
signal storing transmission power information (Step S334).
The AP 200-3 that has received the data signal calculates
transmission power precision on the basis of the data signal
(Step S335). Next, the AP 200-3 reforms the group on the
basis of a difference in the transmission power precision
(Step S336). Then, the AP 200-3 transmits group notification
signals for the reformed group to the STAs 100-3A1 to
1003B5 that are the members of the group (Step S337).

[0147] Next, processing of the STAs 100-3 and the AP
200-3 according to the embodiment will be individually
described. Note that description of processing that is sub-
stantially the same as the processing in the first or second
embodiment will be omitted.

(Processing of AP)

[0148] First, overall processing of the AP 200-3 will be
described with reference to FIG. 11. FIG. 11 is a flowchart
conceptually illustrating an example of overall processing of
the AP 200-3 according to the embodiment.
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[0149] 1If it is determined that release of connection has
occurred (Step S421/YES), the AP 200-3 reforms the mul-
tiple access communication group (Step S425). Specifically,
if a connection release signal is received, the control unit
230 excludes the STA 100-3 that is a transmission source of
the connection release signal from the multiple access
communication group.

[0150] In addition, if it is determined that a start of
connection has occurred (Step S422/YES), the AP 200-3
reforms the multiple access communication group (Step
S425). Specifically, if a connection start signal is received,
the control unit 230 adds the STA 100-3 to the multiple
access communication group on the basis of transmission
power precision information of the STA 100-3 that is a
transmission source of the connection start signal. Note that
the transmission power precision information may be stored
in the connection start signal or may be provided as a
notification by using another signal. In addition, in a case in
which the STA 100-3 has been connected to the AP 200-3 in
the past, transmission power precision information provided
as a notification in the past may be used.

[0151] In addition, if it is determined that the notification
of the change in the transmission power precision informa-
tion has been provided (Step S423/YES), the AP 200-3
reforms the multiple access communication group (Step
S425). Specifically, if a transmission power precision infor-
mation change signal is received, the control unit 230
registers transmission power precision information after the
change that is stored in the change signal. Then, the control
unit 230 adds or excludes the transmission source of the
change signal to or from the multiple access communication
group on the basis of the transmission power precision
information after the change.

[0152] In addition, if it is determined that a change in
transmission power precision information has been detected
(Step S424), the AP 200-3 reforms the multiple access
communication group (Step S425). Specifically, if a data
signal storing the transmission power information is
received, the control unit 230 estimates transmission power
of the data signal from the reception power density and the
transmission loss. Next, the control unit 230 calculates a
difference between the estimated transmission power and the
transmission power indicated by the transmission power
information stored in the data signal. In addition, in a case
in which an error indicated by the registered transmission
power precision information is different from the calculated
difference, the control unit 230 registers the calculated
difference as the transmission power precision information
after the change and performs addition or exclusion to or
from the members of the multiple access communication
group on the basis of the calculated difference. Note that the
registered transmission power precision information may be
information calculated on the basis of the signal received in
the past.

[0153] Then, if it is determined that a notification of the
group is to be provided (Step S426/YES), the AP 200-3
transmits a group notification signal (Step S427).

[0154] Note that the group notification signal may store
communication parameter information. In addition, the
communication parameter information may be updated in
accordance with the multiple access communication group
after the reformation.
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(Processing of STA)

[0155] Next, overall processing of each STA 100-3 will be
described with reference to FIG. 12. FIG. 12 is a flowchart
conceptually illustrating an example of overall processing of
the STA 100-3 according to the embodiment.

[0156] Ifitis determined that connection for communica-
tion with the AP 200-3 is to be released (Step S621/YES),
the STA 100-3 transmits a connection release signal to the
AP 200-3 (Step S622).

[0157] In addition, if it is determined that the connection
for communication with the AP 200-3 is to be started (Step
S623/YES), the STA 100-3 transmits a connection start
signal to the AP 200-3 (Step S623). Next, if it is determined
that notification of transmission power precision informa-
tion is to be provided (Step S625/YES), the STA 100-3
transmits a transmission power precision notification signal
to the AP 200-3 (Step S626). Note that in a case in which a
notification of transmission power precision information has
been provided in the past, the transmission power precision
notification signal may not be transmitted.

[0158] In addition, if it is determined that transmission
power precision information has been changed (Step S629/
YES), and it is determined that a notification of a change in
the transmission power precision information is to be pro-
vided (Step S630/YES), the STA 100-3 transmits a trans-
mission power precision information change signal (Step
S631). Meanwhile, if it is determined that the notification of
the change in the transmission power precision information
is not to be provided (Step S630/NO), the STA 100-3
transmits a data signal storing transmission power informa-
tion (Step S632).

[0159] Thereafter, if a group notification signal is received
(Step S627/YES), the STA 100-3 acquires information from
the group notification signal (Step S628).

5.3. Summary of Third Embodiment

[0160] According to the third embodiment of the present
disclosure, the AP 200-3 controls destinations of the second
signals on the basis of a change in the connection for
communication with the STAs 100-3. In addition, the STAs
100-3 transmit fourth signals for providing a notification of
a change in the connection for communication with the AP
200-3. Therefore, in a case in which an increase or a
decrease in the members of the formed multiple access
communication group has occurred, it is possible to opti-
mize the number of members in the multiple access com-
munication group by the multiple access communication
group being reformed. Therefore, it is possible to improve
efficiency of communication.

[0161] In addition, the AP 200-3 controls destinations of
second signals on the basis of a change in the transmission
power precision information. Also, the STAs 100-3 transmit
fourth signals for providing notifications of the change in the
transmission power precision information. Therefore, it is
possible to optimize the reception power densities of the
signals transmitted from the members of the multiple access
communication group by the multiple access communica-
tion group being reformed in accordance with the change in
the precision of transmission power. Therefore, it is possible
to prevent reception properties from deteriorating due to the
change in the precision of transmission power.



US 2019/0123790 Al

6. FOURTH EMBODIMENT

[0162] Next, a fourth embodiment of the present disclo-
sure will be described. In the fourth embodiment, transmis-
sion power precision information is shared among and
updated in a plurality of APs 200-4.

6.1. Functions of Device

[0163] First, the respective functions of the STAs 100-4
and an AP 200-4 that are wireless communication devices
according to the embodiment will be described. Note that
description of functions that are substantially the same as the
functions in the first embodiment will be omitted.

(Accumulation of Difference in Transmission Power
Precision Information)

[0164] Each AP 200-4 accumulates a difference between
the transmission power provided as a notification and cal-
culated transmission power. Specifically, the control unit
230 calculates a difference between transmission power
indicated by the transmission power information stored in
data signals received from the STAs 100-4 and transmission
power estimated from reception power densities and deliv-
ery losses of the data signals. Then, the control unit 230
causes the storage unit to store difference information
related to the calculated difference.

(Sharing of Difference in Transmission Power Precision
Information)

[0165] Each AP 200-4 shares the accumulated difference
with the other APs 200-4. Specifically, the control unit 230
causes the data processing unit 210 to generate a difference
notification signal in which a predetermined amount of
accumulated difference information is stored or the accu-
mulated difference information is periodically stored. Then,
the generated difference notification signal is transmitted by
the wireless communication unit 220. In addition, if the
difference notification signal is received from another AP
200-4, the control unit 230 causes the storage unit to store
the difference information stored in the difference notifica-
tion signal. Note that transmission power precision infor-
mation may be shared along with the difference information.

(Updating Transmission Power Precision Information)

[0166] Each AP 200-4 updates the transmission power
precision information on the basis of the accumulated dif-
ference information. Specifically, if the predetermined
amount of difference information is accumulated, the control
unit 230 acquires statistical values related to transmission
power precision by executing statistical processing on the
difference information and the transmission power precision
information. Then, the control unit 230 uses the acquired
statistical values for group formation processing and the like
as transmission power precision information.

6.2. Flow of Processing

[0167] Next, flows of difference information sharing pro-
cessing and transmission power precision information
updating processing in the wireless communication system
according to the embodiment will be described with refer-
ence to FIG. 13. FIG. 13 is a sequence diagram conceptually
illustrating examples of difference information sharing pro-
cessing and transmission power precision information
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updating processing in the wireless communication system
according to the embodiment.

[0168] STAs 100-4A1 to 100-4B5 transmit transmission
power precision notification signals to the AP 200-4A (Step
S341). Similarly, the STAs 100-4A1 to 100-4B5 transmit the
transmission power precision notification signals to the AP
200-4B (Step S342). Next, the STAs 100-4A1 to 100-4B5
transmit data signals storing transmission power information
to the AP 200-4A (Step S343). Similarly, the STAs 100-4A1
to 100-4B5 transmit data signals storing transmission power
information to the AP 200-4B (Step S344).

[0169] The AP 200-4A transmits a difference notification
signal storing accumulated difference information to the AP
200-4B (Step S345). Similarly, the AP 200-4B transmits a
difference notification signal storing accumulated difference
information to the AP 200-4A (Step S346). Then, the AP
200-4A that has received the difference notification signal
forms a group by using transmission power precision infor-
mation updated on the basis of the shared difference infor-
mation and the accumulated difference information (Step
S347). Similarly, the AP 200-4B that has received the
difference notification signal forms a group by using trans-
mission power precision information updated on the basis of
the shared difference information and the accumulated dif-
ference information (Step S348).

[0170] Next, processing of the STAs 100-4 and the AP
200-4 according to the embodiment will be individually
described. Note that description of processing that is sub-
stantially the same as the processing in the first to third
embodiments will be omitted.

(Processing of AP)

[0171] First, overall processing of the AP 200-4 will be
described with reference to FIG. 14. FIG. 14 is a flowchart
conceptually illustrating an example of overall processing of
the AP 200-4 according to the embodiment.

[0172] If it is determined that the transmission power
precision notification signal has been received (Step S441/
YES), and it is determined that the data signal storing the
transmission power information has been received (Step
S442/YES), each AP 200-4 calculates difference informa-
tion between the transmission power information estimated
on the basis of reception power information and the received
transmission power information (Step S443). Specifically,
the control unit 230 calculates a difference between the
transmission power estimated on the basis of the reception
power densities and delivery losses of the received data
signals and the transmission power indicated by the trans-
mission power information stored in the data signals. Then,
the control unit 230 causes the storage unit to store differ-
ence information related to the calculated difference.

[0173] Next, if it is determined that the calculated differ-
ence information is to be exchanged (Step S444/YES), the
APs 200-4 exchanges a difference notification signal (Step
S445). Specifically, if a predetermined amount of difference
information is accumulated, the control unit 230 causes the
data processing unit 210 to generate a difference notification
signal storing the difference information and the received
transmission power precision information. Then, the gener-
ated difference notification signal is transmitted by the
wireless communication unit 220. In addition, if difference
notification signals are received from the other APs 200-4,
the control unit 230 acquires the difference information and
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the transmission power precision information stored in the
received difference notification signals.

[0174] Next, the APs 200-4 form a group on the basis of
the transmission power precision information, the calculated
difference information, and the difference information
obtained through the exchanging (Step S446). Specifically,
the control unit 230 acquires statistical values by executing
statistical processing on the stored difference information
and transmission power precision information stored, and
the received difference information and transmission power
precision information. Then, the control unit 230 forms a
multiple access communication group by using the acquired
statistical values as transmission power precision informa-
tion. Note that the statistical values may be used for reform-
ing the multiple access communication group.

[0175] Then, if it is determined that notifications of the
group are to be provided (Step S447/YES), the APs 200-4
transmit group notification signals (Step S448).

(Processing of STA)

[0176] Next, overall processing of each STA 100-4 will be
described with reference to FIG. 15. FIG. 15 is a flowchart
conceptually illustrating an example of overall processing of
the STA 100-4 according to the embodiment.

[0177] The STAs 100-4 transmit transmission power pre-
cision notification signals (Step S641). In addition, the STAs
100-4 transmit data signals storing transmission power
information indicating transmission power used (Step
S642). Note that the transmission power precision informa-
tion may be stored in data signals, and in that case, the
transmission power precision notification signals may not be
transmitted.

[0178] Next, if a group notification signal is received (Step
S643/YES), the STA 100-4 acquires information from the
group notification signal (Step S644).

6.3. Summary of Fourth Embodiment

[0179] According to the fourth embodiment of the present
disclosure, the APs 200-4 receive the transmission power
notification signals storing the transmission power informa-
tion and transmit difference notification signals storing dif-
ference information related to differences between transmis-
sion power information stored in the transmission power
notification signals and the transmission power information
estimated from reception power as described above. There-
fore, it is possible to share errors of transmission power
recognized from signals that are actually transmitted with
the other APs 200-4. Accordingly, it is possible to reduce
differences in precision of signal reception by the individual
APs 200-4 and to more precisely recognize the precision of
the transmission power.

[0180] In addition, the APs 200-4 receive difference noti-
fication signals and controls destinations of the second
signals on the basis of the difference information stored in
the received difference notification signals and the estimated
difference information. Therefore, it is possible to more
effectively prevent reception properties from deteriorating,
by the multiple access communication group being formed
on the basis of precision of transmission power that is more
precise than the transmission power precision information.
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7. APPLICATION EXAMPLE

[0181] The technology according to the present disclosure
can be applied to various products. For example, the STA
100 may be realized as mobile terminals such as smart-
phones, tablet personal computers (PCs), notebook PCs,
portable game terminals, or digital cameras, fixed-type ter-
minals such as television receivers, printers, digital scan-
ners, or network storages, or car-mounted terminals such as
car navigation devices. In addition, the STA 100 may be
realized as terminals that perform machine to machine
(M2M) communication (also referred to as machine type
communication (MTC) terminals) such as smart meters,
vending machines, remotely controlled monitoring devices,
or point of sale (POS) terminals. Furthermore, the STA 100
may be wireless communication modules mounted in such
terminals (for example, integrated circuit modules config-
ured by one die).

[0182] On the other hand, for example, the AP 200 may be
realized as a wireless LAN access point (also referred to as
a wireless base station) which has a router function or does
not have a router function. The AP 200 may be realized as
a mobile wireless LAN router. The AP 200 may also be a
wireless communication module (for example, an integrated
circuit module configured with one die) mounted on such
devices.

7-1. First Application Example

[0183] FIG. 16 is a block diagram illustrating an example
of a schematic configuration of a smartphone 900 to which
the technology of the present disclosure can be applied. The
smartphone 900 includes a processor 901, a memory 902, a
storage 903, an external connection interface 904, a camera
906, a sensor 907, a microphone 908, an input device 909,
a display device 910, a speaker 911, a wireless communi-
cation interface 913, an antenna switch 914, an antenna 915,
a bus 917, a battery 918, and an auxiliary controller 919.
[0184] The processor 901 may be, for example, a central
processing unit (CPU) or a system on chip (SoC), and
controls functions of an application layer and other layers of
the smartphone 900. The memory 902 includes random
access memory (RAM) and read only memory (ROM), and
stores data and programs executed by the processor 901. The
storage 903 can include a storage medium such as a semi-
conductor memory or a hard disk. The external connection
interface 904 is an interface for connecting an externally
attachable device such as a memory card or a universal serial
bus (USB) device to the smartphone 900.

[0185] The camera 906 has an image sensor, for example,
a charge coupled device (CCD) or a complementary metal
oxide semiconductor (CMOS), to generate captured images.
The sensor 907 can include a sensor group including, for
example, a positioning sensor, a gyro sensor, a geomagnetic
sensor, an acceleration sensor, and the like. The microphone
908 converts sounds input to the smartphone 900 into audio
signals. The input device 909 includes, for example, a touch
sensor that detects touches on a screen of the display device
910, a key pad, a keyboard, buttons, switches, and the like,
to receive operation or information input from a user. The
display device 910 has a screen such as a liquid crystal
display (LCD), or an organic light emitting diode (OLED)
display to display output images of the smartphone 900. The
speaker 911 converts audio signals output from the smart-
phone 900 into sounds.
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[0186] The wireless communication interface 913 sup-
ports one or more wireless LAN standards of IEEE 802.11a,
11b, 11g, 11n, 1lac, and 1lad, to establish wireless com-
munication. The wireless communication interface 913 can
communicate with another device via a wireless LAN access
point in an infrastructure mode. In addition, the wireless
communication interface 913 can directly communicate
with another device in a direct communication mode such as
an ad hoc mode or Wi-Fi Direct (registered trademark). Note
that, Wi-Fi Direct is different from the ad hoc mode. One of
two terminals operates as an access point, and communica-
tion is performed directly between the terminals. The wire-
less communication interface 913 can typically include a
baseband processor, a radio frequency (RF) circuit, a power
amplifier, and the like. The wireless communication inter-
face 913 may be a one-chip module on which a memory that
stores a communication control program, a processor that
executes the program, and a relevant circuit are integrated.
The wireless communication interface 913 may support
another kind of wireless communication scheme such as a
cellular communication scheme, a near-field communication
scheme, or a proximity wireless communication scheme in
addition to the wireless LAN scheme. The antenna switch
914 switches a connection destination of the antenna 915
among a plurality of circuits (for example, circuits for
different wireless communication schemes) included in the
wireless communication interface 913. The antenna 915 has
a single or a plurality of antenna elements (for example, a
plurality of antenna elements constituting a MIMO antenna),
and is used for transmission and reception of wireless
signals through the wireless communication interface 913.

[0187] Note that the smartphone 900 may include a plu-
rality of antennas (for example, antennas for a wireless LAN
or antennas for a proximity wireless communication
scheme, or the like), without being limited to the example of
FIG. 16. In this case, the antenna switch 914 may be omitted
from the configuration of the smartphone 900.

[0188] The bus 917 connects the processor 901, the
memory 902, the storage 903, the external connection inter-
face 904, the camera 906, the sensor 907, the microphone
908, the input device 909, the display device 910, the
speaker 911, the wireless communication interface 913, and
the auxiliary controller 919 with each other. The battery 918
supplies electric power to each of the blocks of the smart-
phone 900 illustrated in FIG. 16 via power supply lines
partially indicated by dashed lines in the drawing. The
auxiliary controller 919 causes, for example, necessary
minimum functions of the smartphone 900 to be operated in
a sleep mode.

[0189] In the smartphone 900 illustrated in FIG. 16, the
data processing unit 110, the wireless communication Unit
120, and the control unit 130 described with reference to
FIG. 2 may be mounted on the wireless communication
interface 913. In addition, at least some of these functions
may be mounted on the processor 901 or the auxiliary
controller 919. For example, the control unit 130 transmits
the first signal storing the transmission power precision
information by using the data processing unit 110 and the
wireless communication unit 120 and receives the second
signal related to multiple access permission that is received
thereafter. Then, the control unit 130 controls transmission
of the third signal on the basis of the second signal. In this
manner, it is possible to prevent reception properties in the
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AP 200 that receives the multiplexed third signal and
communicates with the smartphone 900 from deteriorating.
[0190] Note that the smartphone 900 may operate as a
wireless access point (software AP) as the processor 901
executes the function of an access point at an application
level. In addition, the wireless communication interface 913
may have the function of a wireless access point.

7-2. Second Application Example

[0191] FIG. 17 is a block diagram illustrating an example
of a schematic configuration of a car navigation device 920
to which the technology of the present disclosure can be
applied. The car navigation device 920 includes a processor
921, a memory 922, a Global Positioning System (GPS)
module 924, a sensor 925, a data interface 926, a content
player 927, a storage medium interface 928, an input device
929, a display device 930, a speaker 931, a wireless com-
munication interface 933, an antenna switch 934, an antenna
935, and a battery 938.

[0192] The processor 921 may be, for example, a CPU or
an SoC controlling a navigation function and other functions
of the car navigation device 920. The memory 922 includes
RAM and ROM storing data and programs executed by the
processor 921.

[0193] The GPS module 924 measures a position of the
car navigation device 920 (for example, latitude, longitude,
and altitude) using GPS signals received from a GPS satel-
lite. The sensor 925 can include a sensor group including, for
example, a gyro sensor, a geomagnetic sensor, a barometric
sensor, and the like. The data interface 926 is connected with
an in-vehicle network 941 via, for example, a terminal (not
illustrated) to acquire data generated on the vehicle side such
as car speed data.

[0194] The content player 927 reproduces content stored
in a storage medium (for example, a CD or a DVD) inserted
into the storage medium interface 928. The input device 929
includes, for example, a touch sensor that detects touches on
a screen of the display device 930, buttons, switches, and the
like to receive operation or information input from a user.
The display device 930 has a screen such as an LCD or an
OLED display to display images of the navigation function
or reproduced content. The speaker 931 outputs sounds of
the navigation function or reproduced content.

[0195] The wireless communication interface 933 sup-
ports one or more wireless LAN standards of IEEE 802.11a,
11b, 11g, 11n, 1lac, 11ad, and the like to execute wireless
communication. The wireless communication interface 933
can communicate with another device via a wireless LAN
access point in the infrastructure mode. In addition, the
wireless communication interface 933 can directly commu-
nicate with another device in a direct communication mode
such as an ad hoc mode or Wi-Fi Direct. The wireless
communication interface 933 can typically have a baseband
processor, an RF circuit, a power amplifier, and the like. The
wireless communication interface 933 may be a one-chip
module on which a memory that stores a communication
control program, a processor that executes the program, and
a relevant circuit are integrated. The wireless communica-
tion interface 933 may support another kind of wireless
communication scheme such as a near-field communication
scheme, a proximity wireless communication scheme, or the
cellular communication scheme in addition to the wireless
LAN scheme. The antenna switch 934 switches a connection
destination of the antenna 935 among a plurality of circuits
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included in the wireless communication interface 933. The
antenna 935 has a single or a plurality of antenna elements
and is used for transmission and reception of wireless
signals from and to the wireless communication interface
933.

[0196] Note that the car navigation device 920 may
include a plurality of antennas, without being limited to the
example of FIG. 17. In this case, the antenna switch 934 may
be omitted from the configuration of the car navigation
device 920.

[0197] The battery 938 supplies electric power to each of
the blocks of the car navigation device 920 illustrated in
FIG. 17 via power supply lines partially indicated by dashed
lines in the drawing. In addition, the battery 938 accumu-
lates electric power supplied from the vehicle side.

[0198] In the car navigation device 920 illustrated in FIG.
17, the data processing unit 110, the wireless communication
Unit 120, and the control unit 130 described with reference
to FIG. 2 may be mounted on the wireless communication
interface 933. In addition, at least some of these functions
may be mounted on the processor 921. For example, the
control unit 130 transmits the first signal storing the trans-
mission power precision information by using the data
processing unit 110 and the wireless communication unit
120 and receives the second signal related to multiple access
permission that is received thereafter. Then, the control unit
130 controls transmission of the third signal on the basis of
the second signal. In this manner, it is possible to prevent
reception properties in the AP 200 that receives the multi-
plexed third signal and communicates with the car naviga-
tion device 920 from deteriorating.

[0199] In addition, the wireless communication interface
933 may operate as the aforementioned AP 200 and provide
wireless connection to a terminal that a user on a vehicle has.
At that time, the control unit 230 forms the multiple access
communication group on the basis of the transmission power
precision information stored in the first signal that is
received via the wireless communication unit 220 and the
data processing unit 210, for example. In addition, the
control unit 230 uses the data processing unit 210 and the
wireless communication unit 220 and causes the data pro-
cessing unit 210 and the wireless communication unit 220 to
transmit the second signal related to the multiple access
permission to members of the formed multiple access com-
munication group. In this manner, it is possible to prevent
reception properties of the signal transmitted from the
terminal that the user has and then multiplexed from dete-
riorating.

[0200] Further, the technology of the present disclosure
may be realized as an in-vehicle system (or a vehicle) 940
including one or more blocks of the above-described car
navigation device 920, the in-vehicle network 941, and a
vehicle-side module 942. The vehicle-side module 942
generates vehicle-side data such as a vehicle speed, the
number of engine rotations, or failure information and
outputs the generated data to the in-vehicle network 941.

7-3. Third Application Example

[0201] FIG. 18 is a block diagram illustrating an example
of a schematic configuration of a wireless access point 950
to which the technology of the present disclosure can be
applied. The wireless access point 950 includes a controller
951, a memory 952, an input device 954, a display device
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955, a network interface 957, a wireless communication
interface 963, an antenna switch 964, and an antenna 965.
[0202] The controller 951 may be, for example, a CPU or
a digital signal processor (DSP) and operates various func-
tions (for example, access limitation, routing, encryption, a
fire wall, and log management) of the Internet Protocol (IP)
layer and higher layers of the wireless access point 950. The
memory 952 includes RAM and ROM and stores a program
executed by the controller 951 and various kinds of control
data (for example, a terminal list, a routing table, an encryp-
tion key, security settings, and a log).

[0203] The input device 954 includes, for example, a
button or a switch, and receives operation performed by a
user. The display device 955 includes an LED lamp and
displays an operation status of the wireless access point 950.
[0204] The network interface 957 is a wired communica-
tion interface that connects the wireless access point 950
with a wired communication network 958. The network
interface 957 may include a plurality of connection termi-
nals. The wired communication network 958 may be a LAN
such as Ethernet (registered trademark) or may be a wide
area network (WAN).

[0205] The wireless communication interface 963 sup-
ports one or more wireless LAN standards of IEEE 802.11a,
11b, 11g, 11n, 1lac, 1lad, and the like to supply wireless
connection to a nearby terminal as an access point. The
wireless communication interface 963 can typically include
a baseband processor, an RF circuit, and a power amplifier.
The wireless communication interface 963 may be a one-
chip module in which memory storing a communication
control program, a processor executing the program, and
relevant circuits are integrated. The antenna switch 964
switches a connection destination of the antenna 965 among
a plurality of circuits included in the wireless communica-
tion interface 963. The antenna 965 includes one antenna
element or a plurality of antenna elements and is used to
transmit and receive a wireless signal through the wireless
communication interface 963.

[0206] The data processing unit 21, the wireless commu-
nication unit 220, and the control unit 230 described with
reference to FIG. 2 may be mounted on the wireless com-
munication interface 963 in the wireless access point 950
illustrated in FIG. 18. Also, at least a part of these functions
may be mounted on the controller 951. For example, the
control unit 230 forms the multiple access communication
group on the basis of the transmission power precision
information storing the first signal that is received via the
wireless communication unit 220 and the data processing
unit 210. Then, the control unit 230 uses the data processing
unit 210 and the wireless communication unit 220 and
causes the data processing unit 210 and the wireless com-
munication unit 220 to transmit the second signal related to
the multiple access permission to the members of the formed
multiple access communication group. In this manner, it is
possible to prevent reception properties of the signals trans-
mitted from the terminals connected to the wireless access
point 950 and multiplexed from deteriorating.

8. CONCLUSION

[0207] As described above, according to the first embodi-
ment of the present disclosure, it is possible to suppress a
gap between the reception power density and an assumed
reception power density of signals that the AP 200-1
receives from the STAs 100-1 from increasing by the
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multiple access communication group being formed in con-
sideration of the transmission power precision information.
Therefore, it is possible to prevent reception properties from
deteriorating in a case in which a plurality of STAs 100-1
simultaneously perform communication by distortion or the
like of received signals being prevented.

[0208] In addition, according to the second embodiment of
the present disclosure, it is possible to improve efficiency of
communication by the STAs 100-2 with precision of trans-
mission power that is less than the threshold value also
performing the multiple access communication. Meanwhile,
there is a concern that reception properties for the signals
transmitted from the STAs 100-2 with precision of trans-
mission power that is less than the threshold value may be
further degraded than reception properties for signals trans-
mitted from the STAs 100-2 with precision of transmission
power that is higher than the threshold value. Thus, it is also
possible to maintain a signal reception success rate for the
group with a concern that the reception properties may
relatively deteriorate, by changing communication param-
eters used in the multiple access communication for the
groups with different precision o transmission power.
[0209] In addition, according to the third embodiment of
the present disclosure, in a case in which an increase or a
decrease in the members of the formed multiple access
communication group has occurred, it is possible to opti-
mize the number of members in the multiple access com-
munication group by the multiple access communication
group being reformed. Therefore, it is possible to improve
efficiency of communication.

[0210] In addition, according to the fourth embodiment of
the present disclosure, it is possible to share errors of
transmission power recognized from signals that are actually
transmitted with the other APs 200-4. Accordingly, it is
possible to reduce differences in precision of signal recep-
tion by the individual APs 200-4 and to more precisely
recognize the precision of the transmission power.

[0211] The preferred embodiment(s) of the present disclo-
sure has/have been described above with reference to the
accompanying drawings, whilst the present disclosure is not
limited to the above examples. A person skilled in the art
may find various alterations and modifications within the
scope of the appended claims, and it should be understood
that they will naturally come under the technical scope of the
present disclosure.

[0212] For example, although the AP 200 and the STAs
100 perform multiple access communication in the afore-
mentioned embodiments, the present technology is not lim-
ited to such an example. For example, an STA 100 that has
a direct link to a plurality of STAs 100 and the plurality of
STAs 100 may perform multiple access communication.
Note that in this case, the aforementioned DL communica-
tion can be understood as “simultaneous communication
from one device to a plurality of devices” and the afore-
mentioned UL communication can be understood as “simul-
taneous communication from the plurality of devices to the
one device”.

[0213] In addition, although the example in which the
STAs 100 are divided into the group in which precision of
the transmission power is relatively high and the group in
which the precision of the transmission power is relatively
low has been described in the aforementioned embodiments,
a part of the STAs 100 decided as members of the latter
group may be included in the former group. In this case, it
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is possible to prevent differences in the precision of the
transmission power and thus differences in reception prop-
erties between the former group and the latter group from
excessively increasing.

[0214] In addition, although the example in which the
transmission power difference information is shared by APs
200 has been described in the aforementioned embodiments,
the difference information may be shared between the AP
200 and the STAs 100. In that case, the processing of
calculating the difference information is also performed in
the STAs 100.

[0215] Further, the effects described in this specification
are merely illustrative or exemplified effects, and are not
limitative. That is, with or in the place of the above effects,
the technology according to the present disclosure may
achieve other effects that are clear to those skilled in the art
from the description of this specification.

[0216] Further, steps illustrated in the flowcharts of the
above embodiment include not only processes which are
chronologically performed in accordance with the described
order but also processes which are not necessarily chrono-
logically performed but performed in parallel or individually
as well. Further, it is needless to say that even in steps which
are processed chronologically, the order can be appropri-
ately changed depending on circumstances.

[0217] In addition, it is also possible to produce a com-
puter program for causing hardware incorporated in STA
100 and AP 200 to exhibit functions equivalent to those of
the respective functional configurations of the aforemen-
tioned STA 100 and AP 200. In addition, a storage medium
that stores the computer program therein is also provided.

[0218] Additionally, the present technology may also be
configured as below.

(1)

[0219] A wireless communication device including:
[0220] a receiving unit that receives a first signal storing

first information with which precision or accuracy of trans-
mission power is recognized; and

[0221] a transmission unit that transmits a second signal
regarding permission of multiple access that allows simul-
taneous communication with at least one first wireless
communication device identified on the basis of the first
information.

@)

[0222] The wireless communication device according to
(1), in which the at least one first wireless communication
device is identified on the basis of the first information and
a threshold value regarding the first information.

3)

[0223] The wireless communication device according to
(2), in which the transmission unit transmits the second
signal to a first transmission source of the first signal storing
the first information that is equal to or greater than the
threshold value.

4)
[0224] The wireless communication device according to
@3
[0225] in which the transmission unit transmits the second

signal to a second transmission source of the first signal
storing the first information that is less than the threshold
value, and

[0226] a communication parameter that is different from a
communication parameter stored in the second signal that is
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transmitted to the first transmission source is stored in the
second signal transmitted to the second transmission source.
)

[0227] The wireless communication device according to
(4), in which the communication parameter includes a
communication parameter regarding noise resistance for
communication.

(6)

[0228] The wireless communication device according to
(2) or (3), in which the transmission unit does not transmit
the second signal to the first transmission source of the first
signal storing the first information that is less than the
threshold value, or transmits a signal indicating permission
of single access.

(7

[0229] The wireless communication device according to
any one of (1) to (6), in which the second signal includes a
transmission permission signal indicating permission of
multiple access that allows simultaneous communication.
®)

[0230] The wireless communication device according to
any one of (1) to (7), in which the second signal includes a
group notification signal that provides a notification about a
group to which the first wireless communication device that
is permitted to perform multiple access belongs, the multiple
access allowing simultaneous communication.

©)

[0231] The wireless communication device according to
any one of (1) to (8), in which the multiple access that allows
simultaneous communication includes frequency division
multiple access, space division multiple access, or code
division multiple access.

(10)

[0232] The wireless communication device according to
any one of (1) to (9), in which the first information includes
information regarding an error between a setting value and
an actually measured value of transmission power.

(11)

[0233] The wireless communication device according to
any one of (1) to (10), in which the transmission unit
controls a destination of the second signal on the basis of a
change in connection for communication with the first
wireless communication device.

(12)

[0234] The wireless communication device according to
any one of (1) to (11), in which the transmission unit
controls a destination of the second signal on the basis of a
change in the first information.

(13)

[0235] The wireless communication device according to
any one of (1) to (12),

[0236] in which the receiving unit receives a transmission
power notification signal storing transmission power infor-
mation, and

[0237] the transmission unit transmits a difference notifi-
cation signal storing difference information regarding a
difference between the transmission power information
stored in the transmission power notification signal and
transmission power information estimated from reception
power.
(14)
[0238]
(13),

The wireless communication device according to
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[0239] in which the receiving unit further receives the
difference notification signal, and
[0240] the transmission unit controls a destination of the
second signal on the basis of the difference information
stored in the received difference notification signal and the
estimated difference information.

(15)
[0241] A wireless communication device including:
[0242] a transmission unit that transmits a first signal

storing first information with which precision or accuracy of
transmission power is recognized;

[0243] a receiving unit that receives a second signal
regarding permission of multiple access that allows simul-
taneous communication after the transmission of the first

signal; and

[0244] a control unit that controls transmission of a third
signal on the basis of the second signal.

(16)

[0245] The wireless communication device according to
(15),

[0246] in which the second signal includes a transmission

permission signal indicating permission of the multiple
access that allows the simultaneous communication, and
[0247] the control unit controls transmission of the third
signal on the basis of a communication parameter stored in
the transmission permission signal.

17

[0248] The wireless communication device according to
(15) or (16),

[0249] in which the second signal includes a group noti-

fication signal that provides a notification about a group to
which the first wireless communication device that is per-
mitted to perform the multiple access belongs, the multiple
access allowing simultaneous communication, and

[0250] the control unit controls transmission of the third
signal in accordance with reception of a transmission per-
mission signal indicating permission of the multiple access
that allows simultaneous communication, which is directed
to the group provided in the notification through the group
notification signal.

(18)

[0251] The wireless communication device according to
any one of (15) to (17), in which the transmission unit
transmits a fourth signal that provides a notification about a
change in connection for communication with a transmis-
sion source of the second signal or a change in the first
information.

(19)

[0252] A wireless communication method including, by a
processor:

[0253] receiving a first signal storing first information with

which precision or accuracy of transmission power is rec-
ognized; and

[0254] transmitting a second signal regarding permission
of multiple access that allows simultaneous communication
to at least one first wireless communication device identified
on the basis of the first information.

(20)

[0255] A wireless communication method including, by a
processor:

[0256] transmitting a first signal storing first information

with which precision or accuracy of transmission power is
recognized;
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[0257] receiving a second signal regarding permission of
multiple access that allows simultaneous communication
after the transmission of the first signal; and

[0258] controlling transmission of a third signal on the
basis of the second signal.

REFERENCE SIGNS LIST

[0259] 100 STA
[0260] 200 AP
[0261] 110, 210 data processing unit
[0262] 120, 220 wireless communication unit
[0263] 130, 230 control unit

1. A wireless communication device comprising:

a receiving unit that receives a first signal storing first
information with which precision or accuracy of trans-
mission power is recognized; and

a transmission unit that transmits a second signal regard-
ing permission of multiple access that allows simulta-
neous communication with at least one first wireless
communication device identified on a basis of the first
information.

2. The wireless communication device according to claim

1, wherein the at least one first wireless communication
device is identified on a basis of the first information and a
threshold value regarding the first information.

3. The wireless communication device according to claim

2, wherein the transmission unit transmits the second signal
to a first transmission source of the first signal storing the
first information that is equal to or greater than the threshold
value.

4. The wireless communication device according to claim

35

wherein the transmission unit transmits the second signal
to a second transmission source of the first signal
storing the first information that is less than the thresh-
old value, and

a communication parameter that is different from a com-
munication parameter stored in the second signal that is
transmitted to the first transmission source is stored in
the second signal transmitted to the second transmis-
sion source.

5. The wireless communication device according to claim

4, wherein the communication parameter includes a com-
munication parameter regarding noise resistance for com-
munication.

6. The wireless communication device according to claim

2, wherein the transmission unit does not transmit the second
signal to the first transmission source of the first signal
storing the first information that is less than the threshold
value, or transmits a signal indicating permission of single
access.

7. The wireless communication device according to claim

1, wherein the second signal includes a transmission per-
mission signal indicating permission of multiple access that
allows simultaneous communication.

8. The wireless communication device according to claim

1, wherein the second signal includes a group notification
signal that provides a notification about a group to which the
first wireless communication device that is permitted to
perform multiple access belongs, the multiple access allow-
ing simultaneous communication.

9. The wireless communication device according to claim

1, wherein the multiple access that allows simultaneous
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communication includes frequency division multiple access,
space division multiple access, or code division multiple
access.

10. The wireless communication device according to
claim 1, wherein the first information includes information
regarding an error between a setting value and an actually
measured value of transmission power.

11. The wireless communication device according to
claim 1, wherein the transmission unit controls a destination
of the second signal on a basis of a change in connection for
communication with the first wireless communication
device.

12. The wireless communication device according to
claim 1, wherein the transmission unit controls a destination
of the second signal on a basis of a change in the first
information.

13. The wireless communication device according to
claim 1,

wherein the receiving unit receives a transmission power
notification signal storing transmission power informa-
tion, and

the transmission unit transmits a difference notification
signal storing difference information regarding a dif-
ference between the transmission power information
stored in the transmission power notification signal and
transmission power information estimated from recep-
tion power.

14. The wireless communication device according to

claim 13,

wherein the receiving unit further receives the difference
notification signal, and

the transmission unit controls a destination of the second
signal on a basis of the difference information stored in
the received difference notification signal and the esti-
mated difference information.

15. A wireless communication device comprising:

a transmission unit that transmits a first signal storing first
information with which precision or accuracy of trans-
mission power is recognized;

a receiving unit that receives a second signal regarding
permission of multiple access that allows simultaneous
communication after the transmission of the first signal;
and

a control unit that controls transmission of a third signal
on a basis of the second signal.

16. The wireless communication device according to

claim 15,

wherein the second signal includes a transmission per-
mission signal indicating permission of the multiple
access that allows the simultaneous communication,
and

the control unit controls transmission of the third signal
on a basis of a communication parameter stored in the
transmission permission signal.

17. The wireless communication device according to

claim 15,

wherein the second signal includes a group notification
signal that provides a notification about a group to
which the first wireless communication device that is
permitted to perform the multiple access belongs, the
multiple access allowing simultaneous communication,
and

the control unit controls transmission of the third signal in
accordance with reception of a transmission permission
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signal indicating permission of the multiple access that
allows simultaneous communication, which is directed
to the group provided in the notification through the
group notification signal.

18. The wireless communication device according to
claim 15, wherein the transmission unit transmits a fourth
signal that provides a notification about a change in con-
nection for communication with a transmission source of the
second signal or a change in the first information.

19. A wireless communication method comprising, by a
processor:

receiving a first signal storing first information with which

precision or accuracy of transmission power is recog-
nized; and

transmitting a second signal regarding permission of

multiple access that allows simultaneous communica-
tion to at least one first wireless communication device
identified on a basis of the first information.

20. A wireless communication method comprising, by a
processor:

transmitting a first signal storing first information with

which precision or accuracy of transmission power is
recognized;
receiving a second signal regarding permission of mul-
tiple access that allows simultaneous communication
after the transmission of the first signal; and

controlling transmission of a third signal on a basis of the
second signal.



