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WIRELESS COMMUNICATION DEVICE
AND WIRELESS COMMUNICATION
METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Application
No. 2016-051526, filed on Mar. 15, 2016, the entire contents
of which are incorporated herein by reference.

FIELD

[0002] Embodiments of the present invention relate to a
wireless communication device and a wireless communica-
tion method.

BACKGROUND

[0003] IEEE802.11ac is a wireless local area network
(LAN) standard and defines a downlink multi-user multiple
input multiple output (DL-MU-MIMO) transmission
scheme. DL-MU-MIMO uses a technique called “beam-
forming” and carries out spatially multiplexed transmission
by forming spatially orthogonal beams for multiple termi-
nals. The individual terminals eligible for DL-MU-MIMO
may be called “users.” As the method for an access point to
select multiple terminals to carry out DL-MU-MIMO trans-
mission, there is a method according to which a combination
of terminals having a small spatial correlation (inter-user
interference) is selected. Also, according to an existing
method, a combination of terminals having small difference
in frame length of the frames to be transmitted is selected
considering the spatial multiplexing efficiency.

[0004] The frame lengths of the terminals can be calcu-
lated based on the size of the frame and the transmission rate
(MCS: Modulation and Coding Scheme) used in transmis-
sion of the frames. The MCSs necessary for transmission to
the terminals are in normal cases selected based on the
SINRs of the respective terminals (Signal-to-Interference
Noise Ratio).

[0005] However, the inter-user interference amounts of
respective combinations of terminals in MU-MIMO differs
from each other, so that it is necessary to calculate the
inter-user interference amounts (SINR) for each candidate of
combination in order to select the MCSs for transmission. In
the calculation of the SINR, in normal cases, matrix opera-
tion is carried out using a channel matrix. As the number of
the combination candidates becomes larger, the calculation
amount of the matrix operation also becomes larger, causing
increase in the calculation amount of the user selection
scheduling.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a diagram illustrating a wireless commu-
nication system in accordance with a first embodiment;
[0007] FIG. 2 is a diagram illustrating an example basic
format of a MAC frame;

[0008] FIG. 3 is a diagram illustrating a format of an
information element;

[0009] FIG. 4 is a diagram illustrating an example
sequence of sounding;

[0010] FIG. 5 is a diagram illustrating an example opera-
tion sequence between the access point and multiple termi-
nals;
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[0011] FIG. 6 is a diagram illustrating an example con-
figuration of a physical packet;

[0012] FIG. 7 is a diagram for explanation of a relation-
ship between signal-to-interference noise ratio (SINR) and
packet error rate (PER);

[0013] FIG. 8 is a diagram illustrating a table of SINR and
modulation and coding scheme (MCS);

[0014] FIG. 9 is a diagram illustrating a relationship
between SINR and cumulative probability;

[0015] FIG. 10 is a diagram illustrating a relationship
between channel aging time after sounding and SINR;
[0016] FIG. 11 is a diagram illustrating a relationship
between channel aging time after sounding and SINR;
[0017] FIG. 12 is a diagram illustrating a table of multi-
plexing number, channel aging time, and inter-user interfer-
ence amount;

[0018] FIG. 13 is a diagram illustrating a table of multi-
plexing number, channel aging time, and inter-user interfer-
ence amount;

[0019] FIG. 14 is a diagram illustrating a table of multi-
plexing number and inter-user interference amount;

[0020] FIG. 15 is a diagram illustrating a table of channel
aging time and inter-user interference amount;

[0021] FIG. 16 is a diagram illustrating tables of different
uses;
[0022] FIG. 17 is a functional block diagram of a wireless

communication device incorporated in an access point;
[0023] FIG. 18 is a functional block diagram of a wireless
communication device incorporated in a terminal; and

[0024] FIG. 19 is a flowchart of operation of the access
point.
[0025] FIG. 20 is a diagram showing an exemplary entire

configuration of a terminal or access point;

[0026] FIG. 21 is a diagram showing an exemplary hard-
ware configuration of a wireless communication device
installed at an access point or terminal according to a third
embodiment;

[0027] FIG. 22 shows perspective views of a terminal
according to a third embodiment;

[0028] FIG. 23 is a diagram showing a memory card
according to the third embodiment; and

[0029] FIG. 24 is a diagram showing an example of frame
exchange during a contention period.

DETAILED DESCRIPTION

[0030] According to one embodiment, a wireless commu-
nication device includes: a receiver configured to receive a
first frame from a first terminal and a second frame from a
second terminal; and controlling circuitry configured to
obtain quality information of a first channel with the first
terminal based on the first frame and quality information of
a second channel with the second terminal based on the
second frame, and determine a transmission rate applied to
the first terminal and a transmission rate applied to the
second terminal in spatially multiplexed transmission, based
on the quality information of the first channel, the quality
information of the second channel and interference amount
information being indicative of an amount of interference
depending on an execution condition of the spatially mul-
tiplexed transmission.

[0031] Hereinafter, embodiments of the present invention
will be described with reference to the drawings. The entire
contents of IEEE Std 802.11™-2012 and IEEE Std 802.
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11ac™-2013, known as the wireless LAN specification are
herein incorporated by reference in the present specification.

First Embodiment

[0032] FIG. 1 is a configuration of a wireless communi-
cation system according to the embodiment. The wireless
communication system includes an access point (AP: Access
Point) 11 which is a base station, and wireless communica-
tion terminals 1 to 6 which are not base stations. The
wireless communication terminals may be referred to as
terminals, users, wireless terminals, or stations (STA) in
some cases. The access point 11 is also one form of terminal,
except for having a relay function, since it has the functions
of a terminal. The access point 11 and the terminals 1 to 6
wirelessly communicate with each other in accordance with
any wireless communication scheme. As an example, the
communication complying with the IEEE802.11 standard is
carried out. A wireless communication device equipped in
the terminal communicates with a wireless communication
device equipped in an access point. The wireless commu-
nication device equipped in the access point communicates
with the wireless communication device equipped in the
terminal. A wireless LAN based on the IEEE802.11 standard
is assumed for the wireless communication system in the
embodiment without limitation. The IEEE802.11 standard
may refer to any of IEEE802.11b, IEEE802.11a, IEEE802.
11n, IEEE802.11ac, and IEEE802.11ax that is a next gen-
eration wireless LAN standard, or those other than these.
[0033] The access point 11 includes a plurality of anten-
nas. In the example of FIG. 1, the access point 11 includes
four antennas 12A, 12B, 12C, and 12D. The access point
may be equipped with more or fewer antennas than those
illustrated in the example of FIG. 1. The terminals 1 to 6
each include one or more antennas. In this example, the
terminals 1 to 4 each include one antenna from the antennas
indicated by 1A, 2A, 3A, and 4A, respectively.

[0034] The terminals 1 to 6 connect with the access point
11 to form a wireless communication system or a wireless
communication group (BSS: Basic Service Set) between the
terminal and the access point 11. The connection means a
state where a wireless link is established, and a parameter
required for the communication is completely exchanged by
way of the association process with the access point so as to
establish the wireless link. Each of the terminals 1 to 6
establishing the wireless link has an Association ID (AID)
allocated from the access point. The AID is an identifier
given in the association process which is performed between
the terminal and the access point in order that the terminal
belongs to the BSS of the access point. More specifically, in
a case where the access point authorizes the terminal that
transmitted a connection request (Association Request)
frame to connect therewith, it allocates a number which is
generated locally in the relevant network to the terminal.
The number is what is called the AID, and a certain number
in a specified range other than O is allocated. The AID is
allocated so as to be unique in that network (BSS). The AP
transmits a connection response (Association Response)
frame containing the allocated AID to the terminal which is
to be authorized to connect therewith. The terminal grasps
its AID by reading out the AID from the connection response
frame. The terminal receives the connection response frame
for the connection authorization from the access point to be
able to belong to the BSS formed by the access point and
thereafter communicate with the access point. Such a pro-
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cess for connection between the access point and the termi-
nal is called an association process. The AP may perform an
authentication process before the association process with
the terminal. The access point can identify the terminal
connected with itself by means of the AID or a MAC
address.

[0035] FIG. 2(A) illustrates the basic exemplary format of
the MAC frame. A type of a frame is roughly classified into
a data frame, a management frame, and a control frame and
any type of the frame is based on a frame format as shown
in FIG. 2(A). This frame format includes the fields of MAC
header, Frame body, and FCS. The MAC header includes, as
illustrated in FIG. 2(B), the fields of Frame Control, Dura-
tion/ID, Address 1, Address 2, Address 3, Sequence Control,
QoS Control, and HT (High Throughput) Control.

[0036] These fields do not need to always exist and there
may be cases where some of these fields do not exist. For
example, there may be a case where the Address 3 field does
not exist. Also, there may be other cases where both or either
one of the QoS Control field and the HT Control field does
not exist. Also, there may be still other cases where the
frame body field does not exist. Also, any field or fields that
are not illustrated in FIG. 2 may exist. For example, an
Address 4 field may further exist. The HT control field can
be extended to a VHT (Very High Throughput) control field
in IEEE 802.11ac or an HE (High Efficient) control field in
IEEE 802.11ax which is a next-generation wireless LAN
standard.

[0037] The field of Address 1 indicates Receiver Address
(RA), the field of Address 2 indicates Transmitter Address
(TA), and the field of Address 3 indicates either BSSID
(Basic Service Set IDentifier) (which may be the wildcard
BSSID whose bits are all set to 1 to cover all of the BSSIDs
depending on the cases) which is the identifier of the BSS,
or TA, depending on the purpose of the frame.

[0038] Two fields of Type and Subtype (Subtype) or the
like are set in the Frame Control field. The rough classifi-
cation as to whether it is the data frame, the management
frame, or the control frame is made by the Type field, and
more specific types, for example, fine discrimination among
the roughly classified frames, for example, as to whether it
is a BA (Block Ack) frame or a BAR (Block Ack Request)
frame within the control frame is made by the Subtype field.

[0039] The Duration/ID field describes the medium
reserve time, and it is determined that the medium is
virtually in the busy state from the end of the physical packet
including this MAC frame to the medium reserve time when
a MAC frame addressed to another terminal is received. The
scheme of this type to virtually determine that the medium
is in the busy state, or the period during which the medium
is virtually regarded as being in the busy state, is, as
described above, called NAV (Network Allocation Vector).

[0040] The QoS control field is used to carry out QoS
control to carry out transmission with the priorities of the
frames taken into account. The QoS control field includes a
TID field (16 types from 0 to 15) in which an identifier is set
for data traffic, and an Ack policy field in which an acknowl-
edgement scheme is set, and the like. The confirmation of
the TID field enables to identify the traffic type of the data.
Moreover, the confirmation of the Ack policy field enables
to determine whether the QoS Data frame is a normal Ack
policy or a block Ack policy or whether the data frame has
been transmitted as No Ack policy.
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[0041] The HT control field is a field introduced in IEEE
802.11n. The HT (High Throughput) control field is present
when the Order field is set to 1 for QoS data frame or a
management frame. As stated, the HT control field can be
extended to a VHT (Very High Throughput) control field in
IEEE 802.11ac or an HE (High Efficient) control field in
IEEE 802.11ax which is a next-generation wireless LAN
standard and can provide notifications corresponding to the
functions of 802.11n, 802.11ac, or 802.11ax.

[0042] In the management frame, an information element
(Information element; IE) to which a unique Element ID
(IDentifier) is assigned is set in the Frame Body field. One
or a plurality of information elements may be set in the
frame body field. The information element has, as illustrated
in FIG. 3, the fields of an Element ID field, a Length field,
and an Information field. The information element is dis-
criminated by the Element ID. The Information field is
adapted to store the content of the information to be notified,
and the Length field is adapted to store the length informa-
tion of the information field. In the management frame, one
or more predefined fields may be arranged depending on the
frame type (Subtype) other than the information element.
[0043] Frame check sequence (FCS) information is set in
the FCS field as a checksum code for use in error detection
of the frame on the reception side. As an example of the FCS
information, CRC (Cyclic Redundancy Code) may be men-
tioned.

[0044] The access point 11 is capable of transmitting a
plurality of MAC frames (hereinafter referred to as
“frames”) to a plurality of terminals selected from the
terminals 1 to 6 by a multi-user transmission scheme, in
other words, capable of carrying out multiplexed transmis-
sion of the frames. As an example of the multi-user trans-
mission scheme, the drawings illustrate a case where the
frames addressed to the terminals 1 to 4 are transmitted by
spatial multiplexing. Spatially multiplexed transmission
refers to simultaneous transmission of a plurality of frames
using the same frequency band. Specifically, the access point
11 transmits the frames addressed to the terminals 1 to 4 in
accordance with downlink multi-user multi-input and multi-
output (DL-MU-MIMO). DL-MU-MIMO is defined by the
IEEE802.11ac standard. FIG. 1 illustrates a state where the
access point 11 carries out DL-MU-MIMO with four termi-
nals 1 to 4. The access point 11 forms spatially orthogonal
beams with the terminals 1 to 4.

[0045] DL-MU-MIMO forms spatially orthogonal beams
for a plurality of terminals using a technique called “beam-
forming.” Downlink channel information (channel informa-
tion) indicative of downlink channels with the respective
terminals is used for the beam formation. For that purpose,
the access point, by way of example, transmits in advance
frames for sounding (channel estimation frames) to the
respective terminals, and receives feedback of the downlink
channel information measured by each terminal. Such a
sequence is called “sounding.” In this manner, the access
point obtains the pieces of downlink channel information of
the individual terminals.

[0046] The channel estimation frame includes a known
signal. The terminals identify variations in amplitudes and
phases on the basis of the amplitudes and phases of the
actually received signals and the amplitude and phase of the
known signal and provide feedback of the channel informa-
tion, which indicates the variations in the amplitudes and the
phases, for the access point. More specifically, the access
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point carries out the sounding for each of the antennas that
the access point itself is equipped with, and thereby obtains,
on a per-antenna basis, pieces of channel information of the
terminals with respect to the respective antennas. The access
point manages, for the antennas of the access point itself, the
pieces of the channel information obtained from the respec-
tive terminals in the form of a channel matrix (channel
matrix). The channel matrix is a matrix constituted by the
amount of variations in the phases and amplitudes of the
channels between the antennas of the access point (trans-
mission antenna) and the terminals’ antennas (reception
antennas).

[0047] The access point uses the channel matrix and
calculates weights for the respective terminals and the
respective antennas so as to generate a plurality of direc-
tional beam patterns toward the respective terminals. A
known method may be used for that purpose. The access
point carries out weighting for the transmission signals to
the terminals, on a per-antenna basis, using the weights for
the respective antennas, and transmits the weighted trans-
mission signals via the respective antennas. This operation is
carried out for each of the terminals. Accordingly, multiple
transmission signals to multiple terminals are simultane-
ously transmitted via the respective antennas. By virtue of
this, it is made possible to carry out the beamforming on a
per-terminal basis. The terminals each appropriately receive
their respective frames addressed to them, and does not
receive frames other than those addressed to themselves (in
other words, the transmission signals addressed to other
terminals are not received or reception thereof is restricted).
[0048] FIG. 4 illustrates an example of the sounding. The
signals (frames) transmitted by access point 11 and the
terminals 1 to 6 are indicated by rectangles. The horizontal
axes are time axes along which time elapses rightward.
[0049] The access point 11 obtains a right to access a
wireless medium in accordance with CSAM/CA. Specifi-
cally, the access point 11 performs carrier sensing during a
period from a randomly determined back-off time to a fixed
time. When a clear channel assessment (CCA) is equal to or
less than a threshold, the access point 11 determines that the
wireless medium is in an idle state. As a result, the access
point 11 obtains the right to access the wireless medium.
[0050] There, the fixed time period is the DIFS (Distrib-
uted coordination function InterFrame Space)/AIFS (Arbi-
tration InterFrame Space). The DIFS/AIFS means any one
of the DIFS and the AIFS. In a case of not QoS compliant
the DIFS is meant, and in a case of QoS compliant the AIFS
is meant which depends on an access category (AC) of the
transmitted data.

[0051] The DIFS or the AIFS is an example, and another
time (IFS) may be used so long as it is a predetermined time
period. The DIFS, the AIFS or a SIFS (Short InterFrame
Space) which are described elsewhere herein are similarly
example and another time period may be used.

[0052] The access point 11 transmits notification frame
501 specifying the terminals 1 to 6 based on the obtained
access right. As the notification frame 501, a VHT NDPA
(Null Data Packet Announcement) frame may be used. A
receiver address (RA) of the notification frame 501 is a
broadcast address or a multicast address. A header or a body
field of the notification frame 501 includes terminal infor-
mation fields 1 to 6 that specify identification information
identifying the terminals 1 to 6 (e.g., AID or MAC address,
etc.).
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[0053] The access point 11 transmits channel estimation
frames 502 via the respective antennas upon the lapse of an
SIFS (Short Inter Frame Space) after completion of trans-
mission of the notification frame 501. As an example of the
channel estimation frame 502, a null data packet (NDP) can
be used. The notification frame 501 each include a known
signal for the terminals to carry out the channel estimation.
[0054] When the terminals 1 to 6 have received the
channel estimation frames 502, the terminals 1 to 6 each
calculate downlink channel information on the basis of the
corresponding one of the channel estimation frames 502.
The terminal that is specified by the terminal information
field at a predetermined location in the notification frame
501 transmits a report frame including the calculated down-
link channel information upon the lapse of an SIFS after
completion of reception of the frames 502. In this example,
the terminal 1 specified by the terminal information field 1
transmits the report frame 511 including the calculated
downlink channel information upon the lapse of an SIFS
after completion of reception of the frames 502. As an
example of the report frame 511, a VHT compressed beam-
forming report frame can be used.

[0055] The access point generates and transmits a poll
frame, which specifies a terminal which has not yet trans-
mitted a report frame, upon the lapse of an SIFS after
completion of reception of the report frame 511. In this
example, a poll frame 503 that specifies the terminal 2 is
transmitted. As an example of the poll frame 503, a Beam-
forming Report Poll frame can be used. When the terminal
2 has received the poll frame 503, the terminal 2 transmits
a report frame 521 including the downlink channel infor-
mation calculated based on the channel estimation frames
502 upon the lapse of an SIFS after completion of reception
of the poll frame 503. A receiver address (RA) of the poll
frame is an address of the terminal to which the frame is
addressed, and a transmitter address (TA) thereof is a MAC
address of the access point (BSSID). A receiver address
(RA) of the report frame is the MAC address of the access
point (BSSID), and a transmitter address (TA) is a MAC
address of the terminal from which the frame is transmitted.

[0056] Thereafter, in the same manner, the access point 11
transmits a poll frame 504 to the terminal 3 and receives a
report frame 531 from the terminal 3 upon the lapse of an
SIFS after completion of transmission of the poll frame 504.
Thereafter transmission of a poll frame and reception of a
report frame are also sequentially carried out in the same or
similar manner for the terminal 4 and the terminal 5,
respectively, and finally transmission of a poll frame 508 and
reception of a report frame 561 is carried out for the terminal
6. In this manner, the access point 11 obtains the pieces of
the downlink channel information from the respective ter-
minals 1 to 6. It should be noted that the SIFS is only
mentioned as an example and other amounts of time, i.e.,
interframe spaces (IF'Ss) may be relied upon as long as they
represent a predetermined amount of time.

[0057] In the above-described sequence, the access point
transmits the channel estimation frames simultaneously via
the antennas while the individual terminals calculate their
respective pieces of channel information with respect to the
respective antennas of the access point. For that purpose, the
access point specifies a plurality of pattern signals that are
orthogonal to each other for the multiple channel estimation
frames. The terminal that has received the frames separates
the multiple channel estimation frames on the basis of the

Sep. 21, 2017

pattern signals. It is assumed here that the pattern signals are
identified in advance by the individual terminals.

[0058] As another example, the channel estimation frame
may be transmitted from one of the antennas of the access
point, and the same sequence may be repeated by the other
antennas. By virtue of this, the pieces of the channel
information with respect to the respective terminals are
obtained regarding all of the antennas. At this point, trans-
mission of the notification frame may be performed only
once and the sequence following the transmission of the
channel estimation frame may be repeated for the number of
rounds equal to the number of the antennas.

[0059] When the terminals 1 to 6 have received the
channel estimation frame(s) 502, the terminals 1 to 6 may
transmit their respective report frames so that the one that
obtained the access right transmits its report frame first in
accordance with CSMA/CA (Carrier Sense Multiple Access
with Carrier Avoidance). In this case, it is not necessary to
transmit poll frames from the access point.

[0060] The access point 11 is allowed to carry out beam-
forming for multiple terminals and accordingly DL-MU-
MIMO using the channel information obtained by the
above-described sounding.

[0061] FIG. 5 illustrates an example of the operation
sequence in a case where DL-MU-MIMO is carried out.
[0062] Before DL-MU-MIMO is carried out, by way of
example, communications between the access point 11 and
all or part of the terminals 1 to 6 are individually carried out
based on CSMA/CA (single-user communication). The
single-user communication refers to a communication
scheme according to which communications are performed
between the access point and the individual terminals.
[0063] As an example of the single-user communication,
when the terminal retains data for uplink transmission and
the terminal performs carrier sensing in accordance with
CSMA/CA and obtains a right to access a wireless medium,
then the terminal transmits the data frame. It should be noted
that the access right may be obtained by transmission and
reception of an RTS (Request to Send) frame and a CTS
(Clear to Send) frame.

[0064] The access point 11 checks whether or not the
reception was successful on the basis of FCS information
(CRC, etc.) of the data frame. When it has been determined
that the reception was successful, then the access point 11
transmits an acknowledgement response frame (ACK
frame) to the terminal upon the lapse of an SIFS. When the
reception was not successful, the access point 11 does not
return the acknowledgement response frame. It should be
noted, as will be described later, that the data frame to be
transmitted may be an aggregation frame that aggregates a
plurality of data frames (aggregation MAC (medium access
control) protocol data unit; A-MPDU). The individual
frames included in the aggregation frame may be called
“sub-frame.” If the data frame transmitted by the terminal is
an aggregation frame, then the acknowledgement response
frame by which the access point 11 responds is a Block Ack
(BA) frame that includes acknowledgement information
indicative of acknowledgement (successful or unsuccessful)
for each sub-frame.

[0065] As one of the single-user communications, the
access point 11 obtains pieces of channel quality information
indicative of respective qualities of channels from the
respective terminals belonging to the access point 11. As an
example of the quality information, signal-to-noise ratio
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(SNR), received signal strength indicator (RSSI), and the
like may be mentioned. For example, this embodiment
considers SNR although the quality information is not
limited to SNR. For example, the access point may transmit
a frame requesting measurement of an SNR (management
frame, etc.) so as to obtain an SNR of a terminal and may
obtain the SNR as a response to this frame. Alternatively, the
SNR may be included along with the channel information
into the report frame which is a response in the course of the
sounding. If it is possible to regard the channel with the
terminal as symmetrical, then it is also possible to calculate
the SNR on the basis of the signal received from the terminal
and regard it as the SNR of the terminal. The above-
described sounding may also be carried out as another one
of the single-user communications.

[0066] When the access point 11 carries out DL-MU-
MIMO, the access point 11 selects a plurality of terminals
that are eligible for DL-MU-MIMO (i.e., the terminals 1 to
4 in this example) and generates data frames 601, 602, 603,
and 604 that are transmitted to the terminals 1 to 4, respec-
tively. Receiver addresses (RAs) of the data frames 601,
602, 603, and 604 are the MAC addresses of the terminals
1 to 4, respectively, and transmitter addresses (TAs) thereof
are the MAC address of the access point (BSSID).

[0067] Also, the access point 11 determines transmission
rates of the data frames 601, 602, 603, and 604 in the user
selection scheduling. As the transmission rate, for example,
MCS (Modulation and Coding Scheme) can be used. MCS
defines a transmission rate by a set of a modulation scheme
and a code rate. In this embodiment, an example is described
where MCS is used as the transmission rate. The method of
determining the MCS to be applied to the terminals will be
described later. When the access point 11 obtains an access
right to access a wireless medium in accordance with
CSMA/CA, then the access point 11 carries out user-multi-
plexed transmission of the data frames 601 to 604. More
specifically, the access point 11 modulates the data frames
601 to 604 in accordance with their respective transmission
rates, and transmits them by beamforming based on the
channel information of the terminals 1 to 4. It should be
noted that predefined MCS or MCS determined by a known
method should be applied to the various frames transmitted
and received in the sounding illustrated in FIG. 4. The upper
limit of the total number of streams to be transmitted by
DL-MU-MIMO is equal to or less than the number of
antennas of the access point.

[0068] Although the data frames are transmitted to the
terminals 1 to 4 in this example, a management frame or
control frame may be transmitted. The data frames to be
transmitted to the terminals 1 to 4 may be an aggregation
frame (A-MPDU) that aggregates multiple data frames.
[0069] When the terminals 1 to 4 each receive the corre-
sponding one of the data frames 601 to 604 which are
multiplex-transmitted from the access point, the terminals 1
to 4 check whether or not the reception of the corresponding
one of the data frames has been successful. Also, in accor-
dance with the check result, the terminals 1 to 4 transmit the
acknowledgement response frames (BA frames) 611, 612,
613, and 614 in this example upon the lapse of respective
amounts of time that are different from each other after
completion of reception of the data frames. By way of
example, the terminal 1 transmits the BA frame upon the
lapse of an SIFS after completion of reception of the data
frame, the terminal 2 transmits the BA frame upon the lapse
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of'a total time of 2xSIFS after completion of reception of the
data frame plus a BA frame length, the terminal 3 transmits
the BA frame upon the lapse of a total time of 3xSIFS after
completion of reception of the data frame plus 2xBA frame
length, and the terminal 4 transmits the BA frame upon the
lapse of a total time of 4xSIFS after completion of reception
of'the data frame plus 3xBA frame length. It is assumed here
that the BA frame lengths are constant.

[0070] As another method of transmitting the acknowl-
edgement response frames, the acknowledgement response
frames may be transmitted sequentially from the individual
terminals by repeated operations of transmitting BAR
(BlockAck Request) frames from the access point to the
individual terminals and transmitting the ACK frames (or
BA frames) upon the lapse of an SIFS after completion of
transmission of the BAR frames (in other words, the setting
is given as Delayed BA).

[0071] The terminals 1 to 4 may transmit the BA frames by
user multiplexed transmission upon the lapse of a predeter-
mined time after completion of reception of the data frames.
For example, the BA frames may be transmitted from the
terminals 1 to 4 using the uplink multi-user MIMO (UL-
MU-MIMO) technology. According to UL-MU-MIMO, the
terminals 1 to 4 simultaneously transmit the acknowledge-
ment response frames using the same frequency band.
UL-MU-MIMO can be implemented by specifying pattern
signals orthogonal to each other in the physical header of the
BA frames which are transmitted by the terminals 1 to 4, and
the access point separating the BA frames on the basis of the
pattern signals. Alternatively, the terminals 1 to 4 may
simultaneously transmit the BA frames using uplink (UL)
OFDMA as another example of the user multiplexed trans-
mission. Alternatively, as a further example of the uplink
user multiplexed transmission, it is also possible to use a
scheme that combines UL-OFDMA and UL-MU-MIMO. In
the OFDMA scheme, the frequency components are defined
as resource units each including one or a plurality of
subcarriers, and the resource units are allocated to the
terminals, and transmissions to the plurality of terminals or
receptions from the plurality of terminals are simultaneously
performed. The resource unit corresponds to a smallest unit
of a communication resource. The transmissions to the
plurality of terminals from the access point correspond to a
downlink OFDMA, and transmissions from the plurality of
terminals to the access point corresponds to an uplink
OFDMA. A resource unit may refer to a sub-channel, a
resource block or a frequency block etc.

[0072] It should be noted that the frames which the access
point 11 transmits to the terminals 1 to 4 by DL-MU-MIMO
may be frames having the same or different content. As a
general representation, when it is represented that the access
point or the multiple terminals transmit or receive X-th
frames, then the X-th frames have the same or different
content, where X may take any appropriate value. The X-th
frames may be transmitted simultaneously or transmitted
one after another in time series. Both cases are envisaged.
[0073] In the sequence of FIG. 4, the report frames 511,
521, 531, and 541 are transmitted sequentially from the
terminals 1 to 4. Meanwhile, the report frames 511, 521,
531, and 541 may be transmitted by UL-MU transmission.
As a scheme of UL-MU transmission, combination of MU-
MIMO and OFDMA, or MU-MIMO and OFDMA, can be
used. According to this scheme, it is not necessary to
transmit the poll frames 503 to 505 from the access point 11.
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For example, the terminals 1 to 4 may simultaneously
transmit the report frames 511, 521, 531, and 541 by uplink
multiplexed transmission upon the lapse of a predetermined
time after completion of reception of the channel estimation
frame(s) 502. Alternatively, the access point 11 may transmit
a trigger frame that notifies the information necessary for
UL-MU transmission upon the lapse of a predetermined
time after transmission of the channel estimation frames
502. In this case, the terminals 1 to 4 transmit the report
frames 511, 521, 531, and 541 by MU-UL transmission upon
the lapse of a predetermined time after completion of
reception of the trigger frame. It is assumed here that the
resource (pattern signal or resource unit) used in MU-UL is
specified by the trigger frame.

[0074] Here, in practice, a physical header (PHY header)
is added at the beginning of the frame transmitted by the
access point and the frame transmitted by the terminals, and
physical packets including the physical header and the frame
are transmitted. The physical packet may also be called
“physical frame.”

[0075] FIG. 6 illustrates an example of a format of the
physical packet. The physical packet includes a physical
header and a PHY payload. The physical header includes a
Legacy Preamble portion and a Preamble portion in accor-
dance with various standards such as 11n, 1lac, 11ax, etc.
The PHY payload is a data portion which includes a frame
that has been subjected to modulation processing. The
Legacy Preamble has the same configuration as that of the
physical header defined in IEEE802.11a, and includes the
fields of L-STF, L-LTF, and L-SIG. L-STF and L-LTF
indicate known bit patterns. They are used for the receiver
devices to carry out reception gain adjustment, timing syn-
chronization, channel estimation, and the like. The L-SIG
includes information for the receiver devices to calculate the
time necessary for transmission of the Preamble portion that
follows L-SIG and the PHY payload.

[0076] The access point 11 repeatedly carries out, as an
example of operation, DL.-MU-MIMO transmission to the
terminals 1 to 4 and the reception of the acknowledgement
response frames from the terminals 1 to 4 as illustrated in
FIG. 5.

[0077] User selection scheduling is described here. In
accordance with the user selection scheduling, a plurality of
terminals that are eligible for DL-MU-MIMO are selected.
Here, various methods can be considered to select the
DL-MU-MIMO-eligible terminals. For example, a method
that selects terminals having low spatial correlations (inter-
user interference or interference between terminals) and a
method that selects terminals having the same or similar
frame transmission time lengths may be mentioned. In
addition, a method that selects terminals having the same or
similar cycle of occurrence of frames and a method that
selects terminals having the same or similar transmission
power from the access point may also be mentioned. Further,
a method that randomly selects terminals may also be relied
on. The methods mentioned herein may be combined with
each other.

[0078] An example where terminals having similar frame
transmission time lengths are to be selected is described
here. The transmission time length of a frame can be
calculated based on the size of the frame and the transmis-
sion rate of the frame (MCS). As the transmission rate, the
modulation and coding scheme (MCS) is used herein. The
MCS defines a transmission rate based on a set of the
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modulation scheme and the coding rate. For example, an
MCS whose modulation scheme is 16QAM with the coding
rate of %, an MCS whose modulation scheme is QPSK with
the coding rate of 5 may be mentioned. The frame length
after coding is determined by the frame size and the coding
rate, and the number of symbols is determined by the frame
length after the coding and the modulation scheme. If the
time per one symbol is Ts (us), then the time length of the
frame after the coding is given as “(number of symbols)x
Ts.” The time of one symbol is, by way of example, 4 (us).
The time length of one symbol may be able to be specified,
in which case the specified time length may or should be
used.

[0079] The MCS necessary for transmission to the termi-
nal can be determined on the basis of the signal-to-interfer-
ence noise ratio (SINR) of the terminal. An MCS having a
higher rate can be applied when the SINR becomes larger,
which means that the inter-user interference becomes lower.
[0080] FIG. 7 illustrates a relationship between SINR and
packet error rate (PER). The horizontal axis represents the
SINR, and the vertical axis the PER (packet error rate). With
regard to the MCS, nine MCS, i.e., MCS0, MCS1, MCS2,
MCS3, MCS4, MCS5, MCS6, MCS7, and MCS8 are con-
sidered. In the figure, a graph that corresponds to MCS6,
MCS7, and MCSS8 is illustrated. MCS0 to MCS8 may be the
same MCSs as defined by IEEE802.11 or may be defined
independently therefrom. It is assumed here that MCS8 has
the highest transmission rate, and the transmission rates of
MCS7, MCS6, and so forth becomes lower in this order.
More than nine MCSs may be defined or less than nine
MCSs may be defined. The a along the vertical axis repre-
sents a threshold of the PER. It is necessary to select an MCS
whose PER does not exceed this threshold. For example, if
the value of the SINR falls within the interval R1, then
MCS7 or MCSs lower than that (MCS6 to MCSO0) are
applicable. As one example, the highest MCS is used from
among the applicable MCSs.

[0081] Itis not necessary for the access point to retain such
a graph as illustrated in FIG. 7. It suffices that the access
point has information indicative of the relationship between
the SINR and the MCS to be applied. As one example, it is
possible to use such a table as is illustrated in FIG. 8. The
range of the SINR and the MCS to be applied are associated
with each other. For example, if the SINR is not less than 6
and less than 7, then MCS6 is used. Instead of a table, a
function may be used which outputs the MCS to be applied
using the SINR as an input.

[0082] When the SINR is calculated in this manner, the
MCS to be used can be determined based on the SINR.
However, calculation of SINR in normal cases involves
complicated calculation using a channel matrix or the like.
In addition, when the combination of terminals is changed,
the SINRs of the same terminals are changed as well. For
example, let us suppose a combination of two terminals.
Given a combination consisting of the terminal A and the
terminal B, if the SINR of the terminal A is 15 dB, then the
MCS to be applied will be MCS5. On the other hand, given
a combination consisting of the terminal A and the terminal
C, if the SINR of the terminal A is 11 dB, then the MCS to
be applied will be MCS3. As a result, for example, terminals
having the same or similar frame transmission time lengths
are selected in the course of the user selection scheduling, it
is necessary to perform calculation of the SINRs regarding
various combination candidates, determine the MCSs to be
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used on the basis of the SINRs, and calculate the frame
transmission time lengths. Hence, the time of the user
selection scheduling is prolonged. The number of candidates
for calculation of the SINRs increases as the number of the
combinations of terminals increases. In view of this, this
embodiment proposes a simple method of SINR calculation
to provide a solution to this problem.

[0083] Specifically, in this embodiment, interference
amount information is defined in advance in accordance
with possible execution conditions of DL-MU-MIMO. The
interference amount information represents the inter-user
interference amount. A difference between (a) SNR and (b)
inter-user interference amount is calculated as SINR, where
the SNR is an SNR of a terminal obtained in advance and the
inter-user interference amount is indicated by the interfer-
ence amount information in accordance with the execution
conditions to be used.

[0084] By way of example, the SINR is calculated by
subtracting the inter-user interference amount from the SNR
of the terminal. This can be expressed by the following
expression:

SINR=(SNR of a terminal)—(inter-user interference
amount)

[0085] The method of SINR calculation is not limited to
this. For example, the SINR may be calculated by dividing
the SNR of the terminal by the inter-user interference
amount. This can be expressed by the following expression:

SINR=(SNR of the terminal)/(inter-user interference
amount)

[0086] SINR is an example of the communication quality
value, and other index values may be used as long as they
are based on the quality information of the channel of the
terminal and the inter-user interference amount.

[0087] As examples of the execution conditions of DL-
MU-MIMO, a spatial multiplexing number and/or a channel
aging time that has elapsed since the channel information
was obtained may be mentioned. Also, as another example,
a use of the system (the access point and the terminals) may
be mentioned. As an example of the use of the system,
indoor use and outdoor use may be mentioned. Further, as
another example of the use of the system, use in a stationary
state and use in a moving state may be mentioned. The user
interference amount in accordance with the execution con-
dition to be used is identified, and the inter-user interference
amount is subtracted from the SNR, and thus the SINR is
calculated. By virtue of this, it is allowed to calculate the
SINR only involving low calculation load, so that it is made
possible to carry out the user selection scheduling in a short
period of time even when there are numerous candidates for
the combination of the terminals.

[0088] FIG. 9 illustrates the result of simulation conducted
where the number of antennas of the access point is 4; the
number of antennas of the terminal is 1, the number of
terminals (spatial multiplexing number) is 3; and Channel
model D of IEEE802.11ac is used. The horizontal axis
represents SINR, and the vertical axis represents a cumula-
tive probability. The two graphs in the figure each represent
a cumulative distribution function (CDF). The SNR of the
terminal (reference SNR) in the simulation is 20 dB. The
graph G1 represents the distribution where the channel aging
time that has elapsed since the sounding (acquisition of the
channel information) is 0 ms (more specifically, 0 ms or
more and less than 1 ms). The graph G2 represents the
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distribution where the channel aging time after the sounding
is 100 ms or more (more specifically, 100 ms or more and
less than 101 ms).

[0089] The graphs G1 and G2 are obtained by statistical
processing of respective SINRs of three terminals for a
plurality of sets created by combining three terminals from
among a plurality of terminals (i.e., a plurality of terminal
combinations the element number of which is three). As
statistical values, with regard to the cumulative distribution
function of the graph G1, the average value of the SINRs is
16.76, and the standard deviation is 1.98 dB. In the cumu-
lative distribution function of the graph G2, the average
value of the SINRs is 10.65, and the standard deviation is 2.3
dB. When the channel aging time becomes longer, the graph
is shifted leftward in the figure. Although simulation is
carried out here, a similar graph may be created by actual
measurement values.

[0090] The base point of the channel aging time after the
sounding may be a time point at which the channel infor-
mation is obtained from the terminal, or may be a time point
at which the channel estimation frame is transmitted to the
terminal. Alternatively, the base point may be a time point at
which reception of the channel information is completed
from all the terminals subjected to the estimation. The base
point may be a time point determined by any other methods.
[0091] FIG. 10 illustrates average values of SINRs calcu-
lated with regard to various channel aging times and plotted
in the coordinate system defined by the horizontal axis
representing the channel aging time and the vertical axis
representing the SINR. The graph G13 is a curve formed by
connecting these plot points. The conditions of the simula-
tion are the same as those of FIG. 9. It will be appreciated
that the average value of the SINRs becomes smaller with
the passage of the channel aging time. Specifically, since the
channels vary due to the influence of the Doppler variation,
use of the same channel information causes degradation in
the average value of the SINRs of the terminals with the
aging time. In other words, the average value of the inter-
user interference amounts increases as well with the aging
time.

[0092] In FIG. 10, the spatial multiplexing number is 3.
FIG. 11 illustrates graphs which depict additional two cases
where the spatial multiplexing numbers are 2 and 4, respec-
tively, in addition to the case where the spatial multiplexing
number is 3. The other simulation conditions are the same as
those of FIGS. 9 and 10. Given the same channel aging time
after the sounding, it can be appreciated that a larger spatial
multiplexing number results in a lower average value of the
SINRs. In other words, when the spatial multiplexing num-
ber becomes larger, then the average value of the inter-user
interference amounts also becomes larger.

[0093] As one example, the channel aging time after the
sounding and the spatial multiplexing number are used as
the execution condition of DL-MU-MIMO. For each spatial
multiplexing number, a value from which the average value
of the SINRs in accordance with the channel aging time is
subtracted is defined, as the interference amount information
indicative of the inter-user interference amount, based on the
reference SNR (=20 dB). In the example of FIG. 10, the
average value of the SINRs when the channel aging time is
0 ms (less than 1 ms) is 16.76, so that the inter-user
interference amount to be defined is 3.24 dB which is
obtained by subtracting 16.76 from 20. Also, the average
value of the SINRs when the channel aging time is 100 ms
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(100 ms or more and less than 101 ms) is 10.65, so that the
inter-user interference amount to be defined is 9.35 dB
which is obtained by subtracting 10.65 from 20. In the cases
of other spatial multiplexing numbers as well, interference
amount information is defined for each channel aging time
in the same manner. For example, if the spatial multiplexing
number is 2, the user interference amount to be defined when
the channel aging time is 0 ms (less than 1 ms) will be
defined as a value that is smaller than the above-described
3.24 dB. Here, a case is illustrated where the spatial multi-
plexing number and the channel aging time are taken into
account as the execution condition of DL-MU-MIMO.

[0094] FIG. 12 is a table that defines the relationships
among the spatial multiplexing number, the channel aging
time, and the inter-user interference amount. In the above-
described example, if the spatial multiplexing number is 3
and the channel aging time is O ms, then the inter-user
interference amount is 3.24 dB. If the spatial multiplexing
number is 3 and the channel aging time is 100 ms, then the
inter-user interference amount is 9.35 dB. Here, the cases
where the spatial multiplexing numbers are 2 to 4 are
illustrated. However, if the access point is equipped with five
or more antennas, then the spatial multiplexing number can
also be 5 or more.

[0095] In the example of FIG. 12, the size of the intervals
of the channel aging times is, but not limited to, one as
indicated as 1, 2, 3, and so forth in the figure. For example,
the inter-user interference amount may be defined with
larger intervals such as 0 to 10, 11 to 20, 21 to 30, and so
forth.

[0096] Also, since decrease in SINR becomes less sharp as
the channel aging time becomes longer (see FIGS. 10 and
11), the sizes of the intervals of the channel aging time may
be defined such that they become larger in accordance with
the channel aging time such as 0, 1, 2 to 4, 5 to 10, 11 to 20,
..., 10010 110, ..., 400 to 500, and so forth. The table
of this case is illustrated in FIG. 13.

[0097] In the examples of FIGS. 12 and 13, both of the
spatial multiplexing number and the channel aging time are
taken into account as an execution condition of DL-MU-
MIMO. However, it is also possible to take into account
either the spatial multiplexing number or the channel aging
time, not both of them. If the spatial multiplexing number
only is to be taken into account, a table having the format
obtained by deleting the column of “Aging Time” in FIG. 12
or FIG. 13 may or should be provided. An example of the
table of this case is illustrated in FIG. 14. When the
inter-user interference amount is determined, a representa-
tive value that fall within the range of the considered channel
aging times may or should be relied on. For example, the
inter-user interference amount may be determined based on
an average SINR that corresponds to the central time in the
range normally considered as the channel aging time.

[0098] Also, if the channel aging time only is taken into
account, a table having a format obtained by deleting the
column of “Spatial Multiplexing Number” from the table of
FIG. 12 may or should be provided. An example of the table
of this case is illustrated in FIG. 15. When the inter-user
interference amount is determined, the inter-user interfer-
ence amount may or should be determined based on a
representative value such as an average or median value of
the average SINRs of the respective spatial multiplexing
numbers.
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[0099] Also, the use of the system may be taken into
account (outdoor or indoor use, and the like) as an execution
condition of DL-MU-MIMO. In the above-described simu-
lations (FIGS. 9 to 11), the channel model_D is used, which
corresponds to an indoor scenario. In the same manner,
tables as illustrated in FIG. 12 to FIG. 15 can be generated
for outdoor use by carrying out simulation using the model
that corresponds to an outdoor scenario. In normal cases, an
outdoor moving speed of a terminal is faster than its indoor
moving speed. When the moving speed of the terminal is
fast, the Doppler frequency becomes large, as a result of
which the (average value of the) inter-user interference
amount becomes large. Also, larger multipath fading is
expected outdoors than indoors. Use of a model that reflects
these tendencies is considered as the model that corresponds
to the outdoor scenario. As has been described above, even
with the same channel aging time or the same spatial
multiplexing number, it is expected that the inter-user inter-
ference amounts differ in accordance with the uses of the
system, and it is made possible to use more appropriate
inter-user interference amount depending on the use (envi-
ronment) by drawing upon different user interference
amounts that are defined by the respective uses of the
system.

[0100] Example tables similar to that of FIG. 12 and
created for outdoor and indoor uses, respectively, are illus-
trated in FIG. 16(A) and FIG. 16(B), respectively. These
tables have the same format but different values appear in
the column of “Inter-User Interference Amount.” Here,
although the example tables of indoor and outdoor uses are
described on the basis of the format of FIG. 12, these tables
can be provided in the same or similar manner based on the
formats as illustrated in FIGS. 13 to 15.

[0101] The above-described SINR calculation method
does not depend on which terminal is combined with this
terminal, and it is not necessary to perform matrix operation.
Accordingly, it is made possible to speedily calculate the
SINR of the terminal and shorten the time associated with
the user selection schedule.

[0102] FIG. 17 is a functional block diagram of a wireless
communication device incorporated in the access point 11.
As described above, the access point 11 is connected at least
to the network to which the terminals 1 to 6 illustrated in
FIG. 1 belong, and can further be connected to another
network different from the former network. FIG. 11 illus-
trates a configuration of a wireless communication device
connected to the network to which the terminals 1 to 6
belong.

[0103] The wireless communication device in the access
point 11 includes antennas 12A, 12B, 12C and 12D, a
controller 101, a transmitter 102, a receiver 103, and a buffer
104. The number of the antennas is four although the number
may be one or more. The controller 101 corresponds to
controlling circuitry or a baseband integrated circuit which
controls communication with the terminals, and the trans-
mitter 102 and the receiver 103 form a wireless communi-
cator or an RF integrated circuit which transmits and
receives frames via the antenna as an example. A process of
the controller 101, and all or a part of a digital region process
of the transmitter 102 and the receiver 103, or a process of
the communication control device may be performed by
software (program) executing on a processor such as a CPU,
or may be performed by hardware, or may be performed by
the both of these software and hardware. The access point
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may include a processor performing the process of the
controller 101, all or a part of the transmitter 102 and the
receiver 103.

[0104] The buffer 104 is a storage for transferring a frame,
data or the like between an upper layer and the controller
101. The buffer 104 may be a volatile memory such as a
DRAM or a non-volatile memory such as a NAND, or an
MRAM.

[0105] The upper layer may store the frame received from
another network in the buffer 104 for relaying to the network
in the terminal side, or takes in, from the controller 101, the
frame received from the network or a payload thereof via the
buffer 104. The upper layer may perform an upper commu-
nication process than a MAC layer such as a TCP/IP or a
UDP/IP. Alternatively, the TCP/IP or a UDP/IP may be
performed in the controller 101 and the upper layer may also
perform a process of an application layer of processing the
data upper than the TCP/IP or the UDP/IP. An operation of
the upper layer may be performed by software (program)
processing by a processor such as a CPU, or may be
performed by hardware, or may be performed by the both of
the software and the hardware.

[0106] The controller 101 mainly performs a process of
the MAC layer, a part of a process of a physical layer (which
may include processing of a multi-user transmission such as
DL-MU-MIMO). The controller 101 transmits and receives
the frame (more specifically, a physical packet having a
physical header added to the frame) via the transmitter 102
and the receiver 103 to control the communication with the
terminals. The controller 101 may also control so as to
periodically transmit a beacon frame for notifying attribute
information and synchronization information etc. on BSS
(Basic Service Set) of the access point. The controller 101
may include a clock generator generating a clock. Addition-
ally, the controller 101 may be configured to receive the
clock externally input. The controller 101 may manage an
internal time using the clock generated by the clock gen-
erator or the clock externally input, or the both of these. The
controller 101 may output externally the clock created by the
clock generator.

[0107] The controller 101, on receiving an association
request from the terminal, performs an association process to
exchange required information on capability or an attribute
etc. each other and establishes the wireless link with the
terminal. The required information may include capability
information indicative of whether or not multi-user trans-
mission scheme such as DL-MU-MIMO can be imple-
mented. If any, the controller 101 may carry out an authen-
tication process with the terminal in advance.

[0108] The controller 101 periodically checks the buffer
104 to confirm the state of the buffer 104 such as existence
or non-existence of data for downlink transmission. Alter-
natively, the controller 101 may check the state of the buffer
104 according to a trigger given from an external device as
such the buffer 104.

[0109] The controller 101 carries out communications
with the terminals belonging to the access point and obtains
the quality information (SNR, etc.) of the channels with the
terminals. For example, the controller 101 may transmit
frames requesting measurement of SNR (management
frame, etc.) and obtain the SNRs as a response to these
frames. Alternatively, SNRs may be included along with the
channel information into the report frames which are a
response in the course of the sounding. If it is possible to
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regard the channel between the terminal and access point as
symmetrical, then the controller 101 may calculate the SNR
on the basis of the signal received by the access point from
the terminal and regard it as the SNR of this terminal.

[0110] When DL-MU-MIMO is to be carried out, the
controller 101 carries out sounding in advance and obtains
the channel information from the eligible terminals of DL-
MU-MIMO. Specifically, the controller 101 transmits the
channel estimation frames and receives the report frames
that include the channel information from the respective
terminals. The example of the sequence of the sounding is as
has been illustrated in the above-described FIG. 4.

[0111] The controller 101 calculates an SINR of a terminal
in accordance with an SNR of the terminal and the execution
condition of the spatially multiplexed transmission (DL-
MU-MIMO transmission) to be used. For example, the
controller 101 identifies the relevant inter-user interference
amount from the table (see FIG. 12 or 13, etc.) in accordance
with the spatial multiplexing number and the channel aging
time after the last sounding. The SINR is calculated by
subtracting the identified inter-user interference amount
from the SNR of the terminal. It should be noted that, when
the individual terminals share one and the same channel
aging time, then one and the same inter-user interference
amount will be shared by the individual terminals. With
regard to the execution condition of the spatially multi-
plexed transmission, it is possible to only take into account
either of the spatial multiplexing number and the channel
aging time. Also, the use of the system, i.e., the use of the
access point or the terminal may be taken into account.

[0112] The controller 101 determines transmission rate
(MCS, etc.) for transmission based on the SINRs of the
respective terminals. For example, the controller 101 iden-
tifies the relevant MCSs from the SINRs of the respective
terminals on the basis of the table as illustrated in FIG. 8. In
addition, the controller 101 calculates the frame transmis-
sion time lengths of the respective terminals based on the
transmission frames to be transmitted to the individual
terminals and the MCSs of the respective terminals.

[0113] The access point determines the terminals eligible
for DL-MU-MIMO (the combination of terminals) on the
basis of the proximity of the frame transmission time lengths
of the terminals. For example, the access point determines
one terminal that serves as a standard (reference terminal),
and further a predetermined number of terminals having the
same or most similar frame transmission time lengths with
respect to this reference terminal (having the smallest abso-
Iute value) are selected. The predetermined number is a
value that is equal to or smaller than a value obtained by
subtracting one from the spatial multiplexing number. The
reference terminal and the predetermined number of termi-
nals are defined as the terminals eligible for DL-MU-
MIMO. The frame transmission time lengths of the prede-
termined number of the terminals to be selected may be
selected in accordance with a condition that they have a
frame transmission time length equal to or lower than the
frame transmission time length of the reference terminal.

[0114] Also, the DL-MU-MIMO-cligible terminals may
be determined based on the proximity of the frame trans-
mission time lengths of all the terminals without determin-
ing the terminal that serves as the reference. In that case, the
number of terminals to be selected will take a value that is
equal to or smaller than the spatial multiplexing number.
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[0115] Any methods may be relied on to determine the
reference terminal. For example, a terminal (preferential
terminal) for which the frame needs to be most preferentially
transmitted is determined as the reference terminal. The
preferential terminal may be the one that is specified as the
destination of the frame stored in the foremost location of
the transmission buffer in the access point. Alternatively, the
preferential terminal may be a terminal which is specified as
the destination of the frame whose traffic type or access
category takes a predetermined value. Alternatively, the
preferential terminal may be a terminal the frame addressed
to which remains to exist in the buffer for an amount of time
equal to or larger than a predetermined amount of time. A
randomly selected terminal may be determined as the ref-
erence terminal.

[0116] The controller 101 does not always need to use the
proximity of the frame transmission time lengths of the
respective terminals in the course of determining the DL-
MU-MIMO-eligible terminals (the combination of termi-
nals), and may rely on any method as long as it determines
the DL-MU-MIMO-eligible terminals (the combination of
terminals) using the SINRs of the respective terminals
calculated based on the defined inter-user interference
amount.

[0117] The access point performs coding and modulation
of the frames for the selected terminals by their respective
MCSs and transmits these frames by DL-MU-MIMO trans-
mission. It should be noted that a predefined MCS may or
should be used for the above-described frame for the chan-
nel estimation used in the sounding.

[0118] Also, the combination of the terminals may be
modified as appropriate in accordance with the communi-
cation qualities of the individual terminals such as SINR and
frame sizes of the frames stored in a buffer for each terminal.
The combination of the terminals may be modified at a
timing at which an MCS of any one of the terminals is
lowered, at a timing at which any one of the terminals takes
a predetermined MCS or an MCS lower than that, or at a
timing at which the sounding is performed, which are used
as a trigger to modify the combination of the terminals. The
same set of terminals may be maintained as long as these
triggers causing the change do not occur.

[0119] The controller 101, when transmitting the frame
(more specifically, the physical packet having the physical
header added to the frame), as an example, performs the
carrier sensing in accordance with the CSMA/CA before the
transmission, and if a carrier sensing result shows being idle
(if a value of the CCA is equal to or less than a threshold),
the access right to the wireless medium is acquired. The
controller 101 subjects the frame to processes such as
encode and a modulation process (which may include
MIMO modulation) based on the MCS to output to the
transmitter 102. The transmitter 102 subjects the input frame
(more specifically, the physical packet having the physical
header added thereto) to DA conversion, a filtering process
to extract components of a desired band, frequency conver-
sion (up-conversion) and the like to amplify signals obtained
through these processes by a pre-amplifier and radiate the
amplified signals as radio waves from the plural antennas
into the space. In the case of single-user transmission, the
same signal may be simultaneously transmitted by perform-
ing processing of the physical layer for each transmission
channel corresponding to each antenna, or may be transmit-
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ted using only one transmission channel. It is also possible
to control the directionality of the transmission using mul-
tiple antennas.

[0120] The signal received by each antenna in the access
point is processed in the receiver 103 for each reception
system corresponding to the each antenna. The received
signal of each antenna is amplified by a low noise amplifier
(LNA) in the corresponding reception system, is subjected
to frequency conversion (down-convert), and is subjected to
a filtering process, thereby allowing a desired band compo-
nent to be extracted. Each extracted signal is further con-
verted into a digital signal through AD conversion and a
resultant packet is input to the controller 101. The signals in
the reception systems are synthesized by a diversity tech-
nique to acquire the packet. Alternatively, it is also possible
to carry out reception with a configuration according to
which only one antenna is connected to the receiver 103 and
the remaining antennas are not connected to the receiver
103.

[0121] The controller 101 subjects the received packet to
processes such as demodulation and error-correcting decode
to acquire the frame to carry out CRC check of the frame (in
a case of the aggregation frame, the CRC check is carried out
for the plural data frames in the aggregation frame). The
controller 101 transmits the acknowledgement response
frame (more specifically, the packet having the physical
header added thereto) after elapse of a predefined time
period from the completion of receiving the frame from the
terminal. In a case where the frame is the aggregation frame,
the acknowledgement response frame is the BA frame. The
transmitter 102 subjects the acknowledgement response
frame to DA conversion, a filtering process to extract
components of a desired band, frequency conversion (up-
conversion) and the like to amplify signals obtained through
these processes by a pre-amplifier and radiate the amplified
signals as radio waves from the plural antennas into the
space.

[0122] Although the comparison in this embodiment is
performed based on the transmission time lengths of the
frames, it may be performed based on the transmission time
lengths of physical packets. The transmission time length of
the physical packet is equal to the sum of the transmission
time length of the physical header and the transmission time
length of the frame. In normal cases, the physical headers of
the terminals have the same length and a common MCS is
applied thereto, so that the transmission time lengths of the
physical headers of the individual terminals will be the one
and the same length. Meanwhile, the individual physical
headers may have different lengths and different MCSs may
be applied to the individual physical headers. Also, as the
transmission time length of the frame, the comparison may
be performed based on not the transmission time length of
the entire frame but the transmission time length of part of
the frame. For example, the comparison may be performed
based on the transmission time lengths of the frame body
fields of frames (see FIG. 2). In particular, in the case of a
data frame, the length of the frame body field is thought to
be often predominant relative to the length of the MAC
header. Accordingly, when the comparison is performed
based on the transmission time lengths of the frame body
fields, it can be said that an effective determination can be
made.

[0123] The controller 101 may access a storage for storing
the information to be transmitted via the frame to the
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terminal or the information received from the terminal, or
the both of these to read out the information. The storage
may be a buffer included in the controller 101 (internal
memory) or a buffer provided outside the controller 101
(external memory). The storage may be a volatile memory or
a non-volatile memory. The storage may also be an SSD, a
hard disk or the like other than the memory.

[0124] The above described isolation of the processes of
the controller 101 and the transmitter 102 is an example, and
another form may be used. For example, the controller 101
may perform the process until the digital region process and
the DA conversion, and the transmitter 102 may perform the
process subsequent to the DA conversion. As for the isola-
tion of the processes of the controller 101 and the receiver
103, similarly, the receiver 103 may perform the process
before the AD conversion and the controller 101 may
perform the digital region process including processes fol-
lowing the AD conversion.

[0125] As one example, the baseband integrated circuit in
accordance with this embodiment corresponds to the section
that carries out the processing of digital domain, the section
that carries out the processing of the DA conversion in the
transmission, and the section that carries out the processing
processes including and following the AD conversion in the
reception. The RF integrated circuit corresponds to the
section that carries out the processing processes following
the DA conversion in the transmission and the section that
carries out the processing processes prior to the AD con-
version in the reception. The integrated circuit for the
wireless communication in accordance with this embodi-
ment includes at least a baseband integrated circuit from the
baseband integrated circuit and the RF integrated circuit.
The processing processes between blocks or processing
processes between the baseband integrated circuit and the
RF integrated circuit may be demarcated from each other in
accordance with any method other than those described
herein.

[0126] FIG. 18 is a functional block diagram of the
wireless communication device incorporated in the terminal.
In this example, although an example of the configuration of
the terminal 1 is illustrated, any one of the respective
wireless communications devices incorporated in the
respective terminals 2 to 6 illustrated in FIG. 1 has the
configuration illustrated in FIG. 13.

[0127] The wireless communication device includes a
controller 201, a transmitter 202, a receiver 203, at least one
antenna 1, and a buffer 204. The controller 201 corresponds
to controlling circuitry or a baseband integrated circuit
which controls communication with the access point 11, and
the transmitter 202 and the receiver 203 form a wireless
communicator or an RF integrated circuit which transmits
and receives frames as an example. A process of the con-
troller 201, and all or a part of a digital region process of the
transmitter 202 and the receiver 203 may be performed by
software (program) executing on a processor such as a CPU,
or may be performed by hardware, or may be performed by
the both of the software and the hardware. The terminal may
include a processor performing the process of the controller
201, all or a part of the transmitter 202 and the receiver 103.
[0128] The buffer 204 is a storage for transferring a frame,
data or the like between an upper layer and the controller
201. The buffer 204 may be a volatile memory such as a
DRAM or a non-volatile memory such as a NAND, or an
MRAM.
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[0129] The upper layer generates the frames or data to be
transmitted to other terminals, the access point 11, or a
device on another network such as a server and stores the
generated frames in the buffer 204, or takes in, via the buffer
204, the frame or the payload thereof received from other
terminals, the access point, or a device on another network
such as a server. The upper layer may perform an upper
communication process than a MAC layer such as a TCP/IP
or a UDP/IP. The TCP/IP or the UDP/IP may be performed
in the controller 201 and the upper layer may perform a
process of an application layer of processing the data upper
than the TCP/IP or the UDP/IP. A process of the upper layer
may be performed by software (program) executing on a
processor such as a CPU, or may be performed by hardware,
or may be performed by the both of these software and
hardware.

[0130] The controller 201 mainly performs a process of
the MAC layer. The controller 201 transmits and receives
the frames via the transmitter 202 and the receiver 203 to
and from the access point 11 to control the communication
with the access point 11. The controller 201 may include a
clock generator generating a clock. Additionally, the con-
troller 201 may be configured to receive the clock externally
input. The controller 201 may manage an internal time using
the clock generated by the clock generator or the clock
externally input. The controller 201 may output externally
the clock created by the clock generator.

[0131] The controller 201, as an example, receives the
beacon frame to detect the attribute and synchronization
information of BSS of the access point 11 and then transmits
an association request to the access point 11 to perform an
association process in response to the received beacon.
Thereby, the control 201 exchanges required information on
capability or an attribute etc. each other and establishes the
wireless link with the access point 11. The required infor-
mation may include capability information of whether the
access point or the terminal is compliant with DL-MU-
MIMO. If any, the controller 201 may carry out an authen-
tication process with the access point 11.

[0132] The controller 201 periodically checks the buffer
204 to detect a state of the buffer 204 such as whether or not
the data exists to be transmitted by way of the uplink
transmission. Alternatively, the controller 201 checks the
state of the buffer 204 by a trigger from the external such as
the buffer 204 or the like. Once the controller 201 confirms
the existence of the data in the buffer 204, it may transmit,
after acquiring the access right to the wireless medium
(transmission right) in accordance with the CSMA/CA or the
like, the frame containing the relevant data (more specifi-
cally, the physical packet having the physical header added
thereto) via the transmitter 202 and the antenna 1. It should
be noted that the acquisition of the access right may be
performed by transmitting an RTS frame to the access point
and receiving a CTS frame

[0133] The transmitter 202 subjects the frame input from
the controller 201 to DA conversion, a filtering process to
extract components of a desired band, frequency conversion
(up-conversion) and the like to amplify signals obtained
through these processes by a pre-amplifier and radiate the
amplified signals as radio waves from one or more antennas
into the space. When multiple antennas are provided, the
same signal may be simultaneously transmitted from the
antennas. Alternatively, it is also possible to control the
transmission directionality using multiple antennas.
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[0134] The signal received by the antenna 1 is processed
in the receiver 203. The received signal is amplified in the
receiver 203 by the LNA, subjected to frequency conversion
(down-conversion) and a filtering process to extract com-
ponents of the desired band. The extracted signals are further
converted into digital signals through AD conversion and
output to the controller 201. The controller 201 performs
demodulation, error-correcting decode, and a process of the
physical header, and thereby the frame are such as the data
frame (including the frame received by way of the DL-MU-
MIMO) are acquired. If a receiver address (Address 1) of the
MAC header of the frame matches the MAC address of the
terminal of itself, the relevant frame is processed as the
frame directed to the terminal of itself. If not match, the
relevant frame is discarded.

[0135] The controller 201 carries out the CRC check of the
received frame (in a case of the aggregation frame, the CRC
check is carried out for the plural data frames in the
aggregation frame). The controller 201 transmits the
acknowledgement response frame via the transmitter 202
after elapse of a certain time period such as the SIFS from
the completion of receiving the frame.

[0136] When the channel estimation frame(s) has been
received from the access point, the controller 201 calculates
the variations in the amplitude and the phase on the basis of
the reception signal of the predetermined field included in
the channel estimation frame and the known signal that is
already known to the controller 201. In addition, the con-
troller 201 generates a report frame that includes channel
information indicative of the calculated amplitude and phase
variations and transmits the generated report frame to the
access point.

[0137] When the controller 201 receives a frame request-
ing measurement of channel quality from the access point,
the controller 201 obtains the quality information by the
measurement and transmits a frame that includes the quality
information. For example, the controller 201 measures the
quality of the channel using a known signal included in the
physical header of the frame and obtains the quality infor-
mation. As an example of the quality information, SNR,
RSSI, or the like may be mentioned although the quality
information is not limited to them. Alternatively, the quality
information may be included in the above-described report
frame along with the channel information. Also, when the
access point transmits a frame recruiting terminals having
the need of DL-MU-MIMO transmission by broadcast or
multicast transmission, and in response thereto the controller
201 transmits a response frame including a notification to
the effect that there is the need of it and the quality
information. Further, the controller 201 may voluntarily
carry out transmission of a frame including the quality
information indicative of the quality of the channel. It is also
possible to transmit a frame including the quality informa-
tion indicative of the quality of the channel by any other
methods that are not described herein.

[0138] Ifthe controller 201 transmits the frame such as the
data frame to the access point, it receives via the receiver
203 the acknowledgement response frame (such as the ACK
frame or the BA frame) transmitted from the access point
after elapse of a certain time period such as the SIFS from
the completion of the transmission. The controller 201
determines whether or not the data frame (the individual
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aggregated data frames in a case of the aggregation frame)
is successfully transmitted on the basis of the acknowledge-
ment response frame.

[0139] The controller 201 may access a storage device that
stores either information to be notified to the access point or
the information notified from the access point or both of
these pieces of information and read the information. The
storage device may be an internal memory device, an
external memory device, a volatile memory device, or a
non-volatile memory. Also, the storage devices such as an
SSD and a hard disk may be used in place of the memory
device.

[0140] The above described isolation of the processes of
the controller 201 and transmitter 202 is an example, and
another form may be used. For example, the controller 201
may perform the process until the digital region process and
the DA conversion, and the transmitter 202 may perform
process subsequent to the DA conversion. As for the isola-
tion of the processes of the controller 201 and the receiver
203, similarly, the receiver 203 may perform the process
before the AD conversion and the controller 201 may
perform the digital region process including processes fol-
lowing the AD conversion.

[0141] As one example, the baseband integrated circuit in
accordance with this embodiment corresponds to the section
that carries out the processing of digital domain, the section
that carries out the processing of the DA conversion in the
transmission, and the section that carries out the processing
processes including and following the AD conversion in the
reception. The RF integrated circuit corresponds to the
section that carries out the processing processes following
the DA conversion in the transmission and the section that
carries out the processing processes prior to the AD con-
version in the reception. The integrated circuit for the
wireless communication in accordance with this embodi-
ment includes at least a baseband integrated circuit from the
baseband integrated circuit and the RF integrated circuit.
The processing processes between blocks or processing
processes between the baseband integrated circuit and the
RF integrated circuit may be demarcated from each other in
accordance with any method other than those described
herein.

[0142] FIG. 19 is a flowchart illustrating an example of the
operation of the access point in accordance with this
embodiment. The access point obtains the quality informa-
tion (SNRs in this example) indicative of the qualities of the
channels from terminals belonging to the access point
(S101). Any appropriate method may be relied on to obtain
the SNRs. The access point may transmit frames requesting
measurement of the SNRs (management frame, etc.) and
obtain the SNRs as a response to these frames. Alternatively,
SNR may be included along with the channel information
into the report frame which is a response in the course of the
sounding, which will be described later. If it is possible to
regard the channel between the terminal and the access point
as symmetrical, then it is also possible to calculate the SNR
on the basis of the signal received from the terminal and
regard it as the SNR of the terminal.

[0143] The access point carries out sounding at any appro-
priate timing or predetermined timing prior to carrying out
DL-MU-MIMO (S102). The example sequence of the
sounding is illustrated in FIG. 4. The sounding is carried out,
by way of example, with a plurality of terminals having the
capability of carrying out DL-MU-MIMO or a plurality of
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terminals that become candidates for DL-MU-MIMO to be
carried out. Here, the sounding is carried out with the
terminals 1 to 6 and pieces of channel information are
obtained from the respective terminals.

[0144] Also, the access point calculates the SINRs of the
respective terminals in accordance with the execution con-
dition or conditions of the spatially multiplexed transmis-
sion (DL-MU-MIMO transmission). For example, the
access point identifies the relevant inter-user interference
amount from the table (see FIG. 12, FIG. 13, etc.) in
accordance with the spatial multiplexing number and the
channel aging time after the last sounding. The access point
calculates the SINRs on the basis of the differences between
the SNRs of the respective terminals and their respective
inter-user interference amounts. For example, the SINRs are
calculated by subtracting the respective inter-user interfer-
ence amounts from the respective SNRs of the terminals. As
the execution condition of the spatially multiplexed trans-
mission, only the spatial multiplexing number may be taken
into account or only the channel aging time may be taken
into account. Also, the use of the system may be taken into
account.

[0145] The access point determines transmission rates
(MCSs in this example) for transmission on the basis of the
SINRs of the respective terminals (S104). For example, the
access point identifies the MCSs that correspond to the
SINRs of the respective terminals on the basis of the table
illustrated in FIG. 8. The access point calculates the trans-
mission time lengths of the frames of the individual termi-
nals based on the transmission frames to be transmitted to
the individual terminals and the MCSs of the respective
terminals (S105).

[0146] The access point determines the terminals eligible
for DL-MU-MIMO (the combination of terminals) on the
basis of the proximity of the frame transmission time lengths
of the respective terminals (S105) For example, one refer-
ence terminal is determined, and further a predetermined
number of terminals having the same or most similar frame
transmission time lengths with respect to this reference
terminal (having the smallest absolute value) are selected.
The predetermined number is a value that is equal to or
lower than a value obtained by subtracting one from the
spatial multiplexing number. The reference terminal and the
predetermined number of terminals are defined as the DL-
MU-MIMO-eligible terminals. The frame transmission time
lengths of the predetermined number of the terminals to be
selected may be selected in accordance with a condition that
the they have a frame transmission time length equal to or
lower than the frame transmission time length of the refer-
ence terminal.

[0147] The access point performs coding and modulation
of the frames for the selected terminals by their respective
MCSs and transmits them by DL-MU-MIMO transmission
(S106). After the transmission, the access point receives
acknowledgement frames from the respective terminals (see
FIG. 5). After that, it is determined whether or not the
DL-MU-MIMO is carried out again. If it is not carried out
again, then the processing associated with the flow is com-
pleted. If it is carried out again, then it is determined whether
or not the sounding is carried out (S108). If the sounding is
not carried out, then the process goes back to the step S103.
It should be noted that the process may go back to the step
S106 if the same combination of terminals are continued to
be used.
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[0148] When the sounding is carried out, the process goes
back to the step S102. For example, when the sounding is
periodically carried out at a predetermined interval, whether
or not the timing to carry out the sounding has arrived is
determined. Alternatively, the decision to carry out the
sounding may be made by determining whether or not there
exists any terminal whose SINR becomes lower than a
threshold and determining to carry out the sounding when
such a terminal exists. In this case, the sounding may only
be carried out for the terminal whose SINR is lower than the
threshold, or may be carried out for all the terminals that are
candidates for which DL-MU-MIMO is carried out.
[0149] The terminals in this embodiment each have one
single antenna, and the access point carries out DL-MU-
MIMO transmission using one beam for each terminal.
However, it is also possible to carry out transmission using
multiple beams to terminals equipped with multiple anten-
nas, in other words, to simultaneously transmit multiple
frames. In the embodiments described in the foregoing, the
spatial multiplexing number agrees with the number of
multiplexing of the terminals (user multiplexing number).
When a mode is considered according to which one antenna
transmits multiple beams, the invention can be implemented
in the similar manner by understanding the spatial multi-
plexing number as a total number of the beams of the
terminals for which DL-MU-MIMO transmission is carried
out.

[0150] As has been described in the foregoing, according
to this embodiment, in the course of the DL-MU-MIMO-
based user selection scheduling, it is not necessary to
calculate the individual SINRs of the terminals for each of
the combinations of terminals. With regard to the individual
terminals, the SINRs can be identified independently of the
combinations of terminals and thus the transmission rate can
be determined. Accordingly, when compared with the state
of'the art, the amount of calculation of the scheduling can be
reduced and the processing time required in the scheduling
can be shortened.

Second Embodiment

[0151] FIG. 20 shows an example of entire configuration
of'a terminal or a base station. The example of configuration
is just an example, and the present embodiment is not
limited to this. The terminal or the base station includes one
or a plurality of antennas 1 to n (n is an integer equal to or
greater than 1), a wireless LAN module 148, and a host
system 149. The wireless LAN module 148 corresponds to
the wireless communication device according to the above
any embodiment. The wireless LAN module 148 includes a
host interface and is connected to the host system 149
through the host interface. Other than the connection to the
host system 149 through the connection cable, the wireless
LAN module 148 may be directly connected to the host
system 149. The wireless LAN module 148 can be mounted
on a substrate by soldering or the like and can be connected
to the host system 149 through wiring of the substrate. The
host system 149 uses the wireless LAN module 148 and the
antennas 1 to n to communicate with external devices
according to an arbitrary communication protocol. The
communication protocol may include the TCP/IP and a
protocol of a layer upper than that. Alternatively, the TCP/IP
may be mounted on the wireless LAN module 148, and the
host system 149 may execute only a protocol in a layer upper
than that. In this case, the configuration of the host system
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149 can be simplified. Examples of the present terminal
include a mobile terminal, a TV, a digital camera, a wearable
device, a tablet, a smartphone, a game device, a network
storage device, a monitor, a digital audio player, a Web
camera, a video camera, a projector, a navigation system, an
external adaptor, an internal adaptor, a set top box, a
gateway, a printer server, a mobile access point, a router, an
enterprise/service provider access point, a portable device, a
hand-held device and so on.

[0152] FIG. 21 shows an example of hardware configu-
ration of a wireless LAN module. The configuration can also
be applied when the wireless communication device (or a
wireless device) is mounted on either one of the terminal that
is a non-base station and the base station (access point). That
is, the configuration can be employed as a configuration
example of the wireless communication device in FIG. 1. In
the drawing, one antenna is shown by reference numeral 247
although the access point may provide two or more anten-
nas. In case of a plurality of antennas, a plurality of sets of
a transmission system (216 and 222 to 225), a reception
system (232 to 235), a PLL 242, a crystal oscillator (refer-
ence signal source) 243, and a switch 245 may be arranged
according to the antennas, and each set may be connected to
a control circuit 212. The PLL 242 or the crystal oscillator
243 or both of them corresponds to an oscillator according
to an embodiment.

[0153] The wireless LAN module (wireless communica-
tion device or wireless device) includes a baseband IC
(Integrated Circuit) 211, an RF (Radio Frequency) IC 221,
a balun 225, the switch 245, and the antenna 247.

[0154] The baseband IC 211 includes the baseband circuit
(control circuit) 212, a memory 213, a host interface 214, a
CPU 215, a DAC (Digital to Analog Converter) 216, and an
ADC (Analog to Digital Converter) 217.

[0155] The baseband IC 211 and the RF IC 221 may be
formed on the same substrate. The baseband IC 211 and the
RF IC 221 may be formed by one chip. Both or one of the
DAC 216 and the ADC 217 may be arranged on the RF IC
221 or may be arranged on another IC. Both or one of the
memory 213 and the CPU 215 may be arranged on an IC
other than the baseband IC.

[0156] The memory 213 stores data to be transferred to
and from the host system. The memory 213 also stores one
or both of information to be transmitted to the terminal or the
base station and information transmitted from the terminal
or the base station. The memory 213 may also store a
program necessary for the execution of the CPU 215 and
may be used as a work area for the CPU 215 to execute the
program. The memory 213 may be a volatile memory, such
as an SRAM and a DRAM, or may be a non-volatile
memory, such as a NAND and an MRAM.

[0157] The host interface 214 is an interface for connec-
tion to the host system. The interface can be anything, such
as UART, SPI, SDIO, USB, and PCI Express.

[0158] The CPU 215 is a processor that executes a pro-
gram to control the baseband circuit 212. The baseband
circuit 212 mainly executes a process of the MAC layer and
a process of the physical layer. One or both of the baseband
circuit 212 and the CPU 215 correspond to the communi-
cation control device that controls communication or the
controller that controls communication.
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[0159] At least one of the baseband circuit 212 or the CPU
215 may include a clock generator that generates a clock and
may manage internal time by the clock generated by the
clock generator.

[0160] For the process of the physical layer, the baseband
circuit 212 performs addition of the physical header, coding,
encryption, modulation process, and the like of the frame to
be transmitted and generates, for example, two types of
digital baseband signals (hereinafter, “digital I signal” and
“digital Q signal”).

[0161] The DAC 216 performs DA conversion of signals
input from the baseband circuit 212. More specifically, the
DAC 216 converts the digital I signal to an analog I signal
and converts the digital Q signal to an analog Q signal. Note
that a single system signal may be transmitted without
performing quadrature modulation. When a plurality of
antennas are included, and single system or multi-system
transmission signals equivalent to the number of antennas
are to be distributed and transmitted, the number of provided
DACs and the like may correspond to the number of
antennas.

[0162] The RF IC 221 is, for example, one or both of an
RF analog IC and a high frequency IC. The RF IC 221
includes a filter 222, a mixer 223, a preamplifier (PA) 224,
the PLL (Phase Locked Loop) 242, a low noise amplifier
(LNA) 234, a balun 235, a mixer 233, and a filter 232. Some
of the elements may be arranged on the baseband IC 211 or
another IC. The filters 222 and 232 may be bandpass filters
or low pass filters. The RF IC 221 is connected to the
antenna 247 through the switch 245.

[0163] The filter 222 extracts a signal of a desired band
from each of the analog I signal and the analog Q signal
input from the DAC 216. The PLL 242 uses an oscillation
signal input from the crystal oscillator 243 and performs one
or both of division and multiplication of the oscillation
signal to thereby generate a signal at a certain frequency
synchronized with the phase of the input signal. Note that
the PLL 242 includes a VCO (Voltage Controlled Oscillator)
and uses the VCO to perform feedback control based on the
oscillation signal input from the crystal oscillator 243 to
thereby obtain the signal at the certain frequency. The
generated signal at the certain frequency is input to the mixer
223 and the mixer 233. The PLL 242 is equivalent to an
example of an oscillator that generates a signal at a certain
frequency.

[0164] The mixer 223 uses the signal at the certain fre-
quency supplied from the PLL 242 to up-convert the analog
I signal and the analog Q signal passed through the filter 222
into a radio frequency. The preamplifier (PA) amplifies the
analog I signal and the analog Q signal at the radio fre-
quency generated by the mixer 223, up to desired output
power. The balun 225 is a converter for converting a
balanced signal (differential signal) to an unbalanced signal
(single-ended signal). Although the balanced signal is
handled by the RF IC 221, the unbalanced signal is handled
from the output of the RF IC 221 to the antenna 247.
Therefore, the balun 225 performs the signal conversions.

[0165] The switch 245 is connected to the balun 225 on the
transmission side during the transmission and is connected
to the balun 234 or the RF IC 221 on the reception side
during the reception. The baseband IC 211 or the RF 1C 221
may control the switch 245. There may be another circuit
that controls the switch 245, and the circuit may control the
switch 245.
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[0166] In a case that the module of FIG. 22 is an access
point, the switch 245 controls the directivities of the anten-
nas 1 to n according to an instruction signal of the baseband
IC 211, the baseband circuit 212 or the CPU 215. For
example, each antenna has a plurality of branches, and the
switches controls an impedance or a resistance of each of
branches in each antenna to control the directivity of each
antenna.

[0167] The analog I signal and the analog Q signal at the
radio frequency amplified by the preamplifier 224 are sub-
jected to balanced-unbalanced conversion by the balun 225
and are then emitted as radio waves to the space from the
antenna 247.

[0168] The antenna 247 may be a chip antenna, may be an
antenna formed by wiring on a printed circuit board, or may
be an antenna formed by using a linear conductive element.
[0169] The LNA 234 in the RF IC 221 amplifies a signal
received from the antenna 247 through the switch 245 up to
a level that allows demodulation, while maintaining the
noise low. The balun 235 performs unbalanced-balanced
conversion of the signal amplified by the low noise amplifier
(LNA) 234. The mixer 233 uses the signal at the certain
frequency input from the PLL 242 to down-convert, to a
baseband, the reception signal converted to a balanced
signal by the balun 235. More specifically, the mixer 233
includes a unit that generates carrier waves shifted by a
phase of 90 degrees based on the signal at the certain
frequency input from the PLL 242. The mixer 233 uses the
carrier waves shifted by a phase of 90 degrees to perform
quadrature demodulation of the reception signal converted
by the balun 235 and generates an I (In-phase) signal with
the same phase as the reception signal and a Q (Quad-phase)
signal with the phase delayed by 90 degrees. The filter 232
extracts signals with desired frequency components from the
1 signal and the Q signal. Gains of the I signal and the Q
signal extracted by the filter 232 are adjusted, and the I
signal and the Q signal are output from the RF IC 221.
[0170] The ADC 217 in the baseband IC 211 performs AD
conversion of the input signal from the RF IC 221. More
specifically, the ADC 217 converts the I signal to a digital [
signal and converts the Q signal to a digital Q signal. Note
that a single system signal may be received without per-
forming quadrature demodulation.

[0171] When a plurality of antennas are provided, the
number of provided ADCs may correspond to the number of
antennas. Based on the digital I signal and the digital Q
signal, the baseband circuit 212 executes a process of the
physical layer and the like, such as demodulation process,
error correcting code process, and process of physical
header, and obtains a frame. The baseband circuit 212
applies a process of the MAC layer to the frame. Note that
the baseband circuit 212 may be configured to execute a
process of TCP/IP when the TCP/IP is implemented.

Third Embodiment

[0172] FIG. 22(A) and FIG. 22(B) are perspective views
of wireless terminal according to the third embodiment. The
wireless terminal in FIG. 22(A) is a notebook PC 301 and
the wireless communication device (or a wireless device) in
FIG. 22(B) is a mobile terminal 321. Each of them corre-
sponds to one form of a terminal (which may indicate a base
station). The notebook PC 301 and the mobile terminal 321
are equipped with wireless communication devices 305 and
315, respectively. The wireless communication device pro-
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vided in a terminal (which may indicate a base station)
which has been described above can be used as the wireless
communication devices 305 and 315. A wireless terminal
carrying a wireless communication device is not limited to
notebook PCs and mobile terminals. For example, it can be
installed in a TV, a digital camera, a wearable device, a
tablet, a smart phone, a gaming device, a network storage
device, a monitor, a digital audio player, a web camera, a
video camera, a projector, a navigation system, an external
adapter, an internal adapter, a set top box, a gateway, a
printer server, a mobile access point, a router, an enterprise/
service provider access point, a portable device, a handheld
device, a vehicle and so on.

[0173] Moreover, a wireless communication device
installed in a terminal (which may indicate a base station)
can also be provided in a memory card. FIG. 23 illustrates
an example of a wireless communication device mounted on
a memory card. A memory card 331 contains a wireless
communication device 355 and a body case 332. The
memory card 331 uses the wireless communication device
355 for wireless communication with external devices. Here,
in FIG. 23, the description of other installed elements (for
example, a memory, and so on) in the memory card 331 is
omitted.

Fourth Embodiment

[0174] In the fourth embodiment, a bus, a processor unit
and an external interface unit are provided in addition to the
configuration of the wireless communication device of the
terminal (which may indicate the base station) according to
any of the above embodiments. The processor unit and the
external interface unit are connected with an external
memory (a buffer) through the bus. A firmware operates the
processor unit. Thus, by adopting a configuration in which
the firmware is included in the wireless communication
device, the functions of the wireless communication device
can be easily changed by rewriting the firmware. The
processing unit in which the firmware operates may be a
processor that performs the process of the communication
controlling device or the control unit according to the
present embodiment, or may be another processor that
performs a process relating to extending or altering the
functions of the process of the communication controlling
device or the control unit. The processing unit in which the
firmware operates may be included in the access point or the
wireless terminal according to the present embodiment.
Alternatively, the processing unit may be included in the
integrated circuit of the wireless communication device
installed in the access point, or in the integrated circuit of the
wireless communication device installed in the wireless
terminal.

Fifth Embodiment

[0175] In the fifth embodiment, a clock generating unit is
provided in addition to the configuration of the wireless
communication device of the terminal (which may indicate
the base station) according to any of the above embodi-
ments. The clock generating unit generates a clock and
outputs the clock from an output terminal to the exterior of
the wireless communication device. Thus, by outputting to
the exterior the clock generated inside the wireless commu-
nication device and operating the host by the clock output to
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the exterior, it is possible to operate the host and the wireless
communication device in a synchronized manner.

Sixth Embodiment

[0176] In the sixth embodiment, a power source unit, a
power source controlling unit and a wireless power feeding
unit are included in addition to the configuration of the
wireless communication device of the terminal (which may
indicate the base station) according to any of the above
embodiments. The power supply controlling unit is con-
nected to the power source unit and to the wireless power
feeding unit, and performs control to select a power source
to be supplied to the wireless communication device. Thus,
by adopting a configuration in which the power source is
included in the wireless communication device, power con-
sumption reduction operations that control the power source
are possible.

Seventh Embodiment

[0177] In the seventh embodiment, a SIM card is added to
the configuration of the wireless communication device
according to any of the above embodiments. For example,
the SIM card is connected with the controller, the transmit-
ter, the receiver or plural of them in the wireless commu-
nication device. Thus, by adopting a configuration in which
the SIM card is included in the wireless communication
device, authentication processing can be easily performed.

Eighth Embodiment

[0178] In the eighth embodiment, a video image com-
pressing/decompressing unit is added to the configuration of
the wireless communication device according to any of the
above embodiments. The video image compressing/decom-
pressing unit is connected to the bus. Thus, by adopting a
configuration in which the video image compressing/decom-
pressing unit is included in the wireless communication
device, transmitting a compressed video image and decom-
pressing a received compressed video image can be easily
done.

Ninth Embodiment

[0179] In the ninth embodiment, an LED unit is added to
the configuration of the wireless communication device of
the terminal (which may indicate the base station) according
to any of the above embodiments. For example, the LED
unit is connected to the controller, the transmitter, the
receiver or plural of them in the wireless communication
device. Thus, by adopting a configuration in which the LED
unit is included in the wireless communication device,
notifying the operation state of the wireless communication
device to the user can be easily done.

Tenth Embodiment

[0180] In the tenth embodiment, a vibrator unit is included
in addition to the configuration of the wireless communica-
tion device wireless communication device of the terminal
(which may indicate the base station) according to any of the
above embodiments. For example, the vibrator unit is con-
nected to at least one of the controller, the transmitter, the
receiver or plural of them in the wireless communication
device. Thus, by adopting a configuration in which the
vibrator unit is included in the wireless communication
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device, notifying the operation state of the wireless com-
munication device to the user can be easily done.

Eleventh Embodiment

[0181] In the eleventh embodiment, the configuration of
the wireless communication device includes a display in
addition to the configuration of the wireless communication
device (the wireless communication device of the terminal
(which may indicate the base station) according to any one
of'the above embodiments. The display may be connected to
the controller, the transmitter, the receiver or plural of them
in the wireless communication device via a bus (not shown).
As seen from the above, the configuration including the
display to display the operation state of the wireless com-
munication device on the display allows the operation status
of'the wireless communication device to be easily notified to
a user.

Twelfth Embodiment

[0182] In the present embodiment, [1] the frame type in
the wireless communication system, [2] a technique of
disconnection between wireless communication devices, [3]
an access scheme of a wireless LAN system and [4] a frame
interval of a wireless LAN are described.

[1] Frame Type in Communication System

[0183] Generally, as mentioned above, frames treated on a
wireless access protocol in a wireless communication sys-
tem are roughly divided into three types of the data frame,
the management frame and the control frame. These types
are successfully shown in a header part which is commonly
provided to frames. As a display method of the frame type,
three types may be distinguished in one field or may be
distinguished by a combination of two fields. In IEEE
802.11 standard, identification of a frame type is made based
on two fields of Type and Subtype in the Frame Control field
in the header part of the MAC frame. The Type field is one
for generally classifying frames into a data frame, a man-
agement frame, or a control frame and the Subtype field is
one for identifying more detailed type in each of the clas-
sified frame types such as a beacon frame belonging to the
management frame.

[0184] The management frame is a frame used to manage
a physical communication link with a different wireless
communication device. For example, there are a frame used
to perform communication setting with the different wireless
communication device or a frame to release communication
link (that is, to disconnect the connection), and a frame
related to the power save operation in the wireless commu-
nication device.

[0185] The data frame is a frame to transmit data gener-
ated in the wireless communication device to the different
wireless communication device after a physical communi-
cation link with the different wireless communication device
is established. The data is generated in a higher layer of the
present embodiment and generated by, for example, a user’s
operation.

[0186] The control frame is a frame used to perform
control at the time of transmission and reception (exchange)
of the data frame with the different wireless communication
device. A response frame transmitted for the acknowledg-
ment in a case where the wireless communication device
receives the data frame or the management frame, belongs
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to the control frame. The response frame is, for example, an
ACK frame or a BlockACK frame. The RTS frame and the
CTS frame are also the control frame.

[0187] These three types of frames are subjected to pro-
cessing based on the necessity in the physical layer and then
transmitted as physical packets via an antenna. In IEEE
802.11 standard (including the extended standard such as
IEEE Std 802.11ac-2013), an association process is defined
as one procedure for connection establishment. The asso-
ciation request frame and the association response frame
which are used in the procedure are a management frame.
Since the association request frame and the association
response frame is the management frame transmitted in a
unicast scheme, the frames causes the wireless communi-
cation terminal in the receiving side to transmit an ACK
frame being a response frame. The ACK frame is a control
frame as described in the above.

[2] Technique of Disconnection Between Wireless
Communication Devices

[0188] For disconnection, there are an explicit technique
and an implicit technique. As the explicit technique, a frame
to disconnect any one of the connected wireless communi-
cation devices is transmitted. This frame corresponds to
Deauthentication frame defined in IEEE 802.11 standard and
is classified into the management frame. The frame for
disconnection may be referred to as “release frame” by the
meaning of releasing connection, for example. Normally, it
is determined that the connection is disconnected at the
timing of transmitting the release frame in a wireless com-
munication device on the side to transmit the release frame
and at the timing of receiving the release frame in a wireless
communication device on the side to receive the release
frame. Afterward, it returns to the initial state in a commu-
nication phase, for example, a state to search for a wireless
communication device of the communicating partner. In a
case that the wireless communication base station discon-
nects with a wireless communication terminal, for example,
the base station deletes information on the wireless com-
munication device from a connection management table if
the base station holds the connection management table for
managing wireless communication terminals which entries
into the BSS of the base station-self. For example, in a case
that the base station assigns an AID to each wireless com-
munication terminal which entries into the BSS at the time
when the base station permitted each wireless communica-
tion terminal to connect to the base station-self in the
association process, the base station deletes the held infor-
mation related to the AID of the wireless communication
terminal disconnected with the base station and may release
the AID to assign it to another wireless communication
device which newly entries into the BSS.

[0189] On the other hand, as the implicit technique, it is
determined that the connection state is disconnected in a
case where frame transmission (transmission of a data frame
and management frame or transmission of a response frame
with respect to a frame transmitted by the subject device) is
not detected from a wireless communication device of the
connection partner which has established the connection for
a certain period. Such a technique is provided because, in a
state where it is determined that the connection is discon-
nected as mentioned above, a state is considered where the
physical wireless link cannot be secured, for example, the
communication distance to the wireless communication
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device of the connection destination is separated and the
radio signals cannot be received or decoded. That is, it is
because the reception of the release frame cannot be
expected.

[0190] As a specific example to determine the disconnec-
tion of connection in an implicit method, a timer is used. For
example, at the time of transmitting a data frame that
requests an acknowledgment response frame, a first timer
(for example, a retransmission timer for a data frame) that
limits the retransmission period of the frame is activated,
and, if the acknowledgement response frame to the frame is
not received until the expiration of the first timer (that is,
until a desired retransmission period passes), retransmission
is performed. When the acknowledgment response frame to
the frame is received, the first timer is stopped.

[0191] On the other hand, when the acknowledgment
response frame is not received and the first timer expires, for
example, a management frame to confirm whether a wireless
communication device of a connection partner is still present
(in a communication range) (in other words, whether a
wireless link is secured) is transmitted, and, at the same
time, a second timer (for example, a retransmission timer for
the management frame) to limit the retransmission period of
the frame is activated. Similarly to the first timer, even in the
second timer, retransmission is performed if an acknowl-
edgment response frame to the frame is not received until the
second timer expires, and it is determined that the connec-
tion is disconnected when the second timer expires.

[0192] Alternatively, a third timer is activated when a
frame is received from a wireless communication device of
the connection partner, the third timer is stopped every time
the frame is newly received from the wireless communica-
tion device of the connection partner, and it is activated from
the initial value again. When the third timer expires, simi-
larly to the above, a management frame to confirm whether
the wireless communication device of the connection party
is still present (in a communication range) (in other words,
whether a wireless link is secured) is transmitted, and, at the
same time, a second timer (for example, a retransmission
timer for the management frame) to limit the retransmission
period of the frame is activated. Even in this case, retrans-
mission is performed if an acknowledgment response frame
to the frame is not received until the second timer expires,
and it is determined that the connection is disconnected
when the second timer expires. The latter management
frame to confirm whether the wireless communication
device of the connection partner is still present may differ
from the management frame in the former case. Moreover,
regarding the timer to limit the retransmission of the man-
agement frame in the latter case, although the same one as
that in the former case is used as the second timer, a different
timer may be used.

[3] Access Scheme of Wireless LAN System

[0193] For example, there is a wireless LAN system with
an assumption of communication or competition with a
plurality of wireless communication devices. CSMA/CA is
set as the basis of an access scheme in the IEEE802.11
(including an extension standard or the like) wireless LAN.
In a scheme in which transmission by a certain wireless
communication device is grasped and transmission is per-
formed after a fixed time from the transmission end, simul-
taneous transmission is performed in the plurality of wire-
less communication devices that grasp the transmission by
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the wireless communication device, and, as a result, radio
signals collide and frame transmission fails. By grasping the
transmission by the certain wireless communication device
and waiting for a random time from the transmission end,
transmission by the plurality of wireless communication
devices that grasp the transmission by the wireless commu-
nication device stochastically disperses. Therefore, if the
number of wireless communication devices in which the
earliest time in a random time is subtracted is one, frame
transmission by the wireless communication device suc-
ceeds and it is possible to prevent frame collision. Since the
acquisition of the transmission right based on the random
value becomes impartial between the plurality of wireless
communication devices, it can say that a scheme adopting
Carrier Avoidance is a suitable scheme to share a radio
medium between the plurality of wireless communication
devices.

[4] Frame Interval of Wireless LAN

[0194] The frame interval of the IEEE802.11 wireless
LAN is described. There are several types of frame intervals
used in the IEEER02.11 wireless LAN, such as distributed
coordination function interframe space (DIFS), arbitration
interframe space (AIFS), point coordination function inter-
frame space (PIFS), short interframe space (SIFS), extended
interframe space (EIFS) and reduced interframe space
(RIFS).

[0195] The definition of the frame interval is defined as a
continuous period that should confirm and open the carrier
sensing idle before transmission in the IEEE802.11 wireless
LAN, and a strict period from a previous frame is not
discussed. Therefore, the definition is followed in the expla-
nation of the IEEE802.11 wireless LAN system. In the
IEEE802.11 wireless LAN, a waiting time at the time of
random access based on CSMA/CA is assumed to be the
sum of a fixed time and a random time, and it can say that
such a definition is made to clarify the fixed time.

[0196] DIFS and AIFS are frame intervals used when
trying the frame exchange start in a contention period that
competes with other wireless communication devices on the
basis of CSMA/CA. DIFS is used in a case where priority
according to the traffic type is not distinguished, AIFS is
used in a case where priority by traffic identifier (TID) is
provided.

[0197] Since operation is similar between DIFS and AIFS,
an explanation below will mainly use AIFS. In the IEEE802.
11 wireless LLAN, access control including the start of frame
exchange in the MAC layer is performed. In addition, in a
case where QoS (Quality of Service) is supported when data
is transferred from a higher layer, the traffic type is notified
together with the data, and the data is classified for the
priority at the time of access on the basis of the traffic type.
The class at the time of this access is referred to as “access
category (AC)”. Therefore, the value of AIFS is provided
every access category.

[0198] PIFS denotes a frame interval to enable access
which is more preferential than other competing wireless
communication devices, and the period is shorter than the
values of DIFS and AIFS. SIFS denotes a frame interval
which can be used in a case where frame exchange continues
in a burst manner at the time of transmission of a control
frame of a response system or after the access right is
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acquired once. EIFS denotes a frame interval caused when
frame reception fails (when the received frame is determined
to be error).

[0199] RIFS denotes a frame interval which can be used in
a case where a plurality of frames are consecutively trans-
mitted to the same wireless communication device in a burst
manner after the access right is acquired once, and a
response frame from a wireless communication device of the
transmission partner is not requested while RIFS is used.

[0200] Here, FIG. 24 illustrates one example of frame
exchange in a competitive period based on the random
access in the IEEE802.11 wireless LAN.

[0201] When a transmission request of a data frame
(W_DATA1) is generated in a certain wireless communica-
tion device, a case is assumed where it is recognized that a
medium is busy (busy medium) as a result of carrier sensing.
In this case, AIFS of a fixed time is set from the time point
at which the carrier sensing becomes idle, and, when a
random time (random backof) is set afterward, data frame
W_DATAL is transmitted to the communicating partner.

[0202] The random time is acquired by multiplying a slot
time by a pseudorandom integer led from uniform distribu-
tion between contention windows (CW) given by integers
from 0. Here, what multiplies CW by the slot time is referred
to as “CW time width”. The initial value of CW is given by
CWmin, and the value of CW is increased up to CWmax
every retransmission. Similarly to AIFS, both CWmin and
CWmax have values every access category. In a wireless
communication device of transmission destination of
W_DATAI1, when reception of the data frame succeeds, a
response frame (W_ACK1) is transmitted after SIFS from
the reception end time point. If it is within a transmission
burst time limit when W_ACKI1 is received, the wireless
communication device that transmits W_DATA1 can trans-
mit the next frame (for example, W_DATA?2) after SIFS.

[0203] Although AIFS, DIFS, PIFS and EIFS are func-
tions between SIFS and the slot-time, SIFS and the slot time
are defined every physical layer. Moreover, although param-
eters whose values being set according to each access
category, such as AIFS, CWmin and CWmax, can be set
independently by a communication group (which is a basic
service set (BSS) in the IEEE802.11 wireless LAN), the
default values are defined.

[0204] For example, in the definition of 802.11ac, with an
assumption that SIFS is 16 ps and the slot time is 9 ps, and
thereby PIFS is 25 ps, DIFS is 34 us, the default value of the
frame interval of an access category of BACKGROUND
(AC_BK) in AIFS is 79 ps, the default value of the frame
interval of BEST EFFORT (AC_BE) is 43 us, the default
value of the frame interval between VIDEO(AC_VI) and
VOICE(AC_VO) is 34 ps, and the default values of CWmin
and CWmax are 31 and 1023 in AC_BK and AC_BE, 15 and
31 in AC_VI and 7 and 15 in AC_VO. Here, EIFS denotes
the sum of SIFS, DIFS, and the time length of a response
frame transmitted at the lowest mandatory physical rate. In
the wireless communication device which can effectively
takes EIFS, it may estimate an occupation time length of a
PHY packet conveying a response frame directed to a PHY
packet due to which the EIFS is caused and calculates a sum
of SIFS, DIFS and the estimated time to take the EIFS. In the
present embodiment, a wireless communication system
using parameters at such interframe spaces is assumed to be
an interfering system with a wide communication range.
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[0205] Note that the frames described in the embodiments
may indicate not only things called frames in, for example,
IEEE 802.11 standard, but also things called packets, such as
Null Data Packets.

[0206] The terms used in each embodiment should be
interpreted broadly. For example, the term “processor” may
encompass a general purpose processor, a central processing
unit (CPU), a microprocessor, a digital signal processor
(DSP), a controller, a microcontroller, a state machine, and
so on. According to circumstances, a “processor” may refer
to an application specific integrated circuit (ASIC), a field
programmable gate array (FPGA), and a programmable
logic device (PLD), etc. The term “processor” may refer to
a combination of processing devices such as a plurality of
microprocessors, a combination of a DSP and a micropro-
cessor, Or one or more microprocessors in conjunction with
a DSP core.

[0207] As another example, the term “memory” may
encompass any electronic component which can store elec-
tronic information. The “memory” may refer to various
types of media such as a random access memory (RAM), a
read-only memory (ROM), a programmable read-only
memory (PROM), an erasable programmable read only
memory (EPROM), an electrically erasable PROM (EE-
PROM), a non-volatile random access memory (NVRAM),
a flash memory, and a magnetic or optical data storage,
which are readable by a processor. It can be said that the
memory electronically communicates with a processor if the
processor read and/or write information for the memory. The
memory may be arranged within a processor and also in this
case, it can be said that the memory electronically commu-
nication with the processor.

[0208] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel embodiments described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the inventions.

1. A wireless communication device comprising:

a receiver configured to receive a first frame from a first
terminal and a second frame from a second terminal;
and

controlling circuitry configured to

obtain quality information of a first channel with the first
terminal based on the first frame and quality informa-
tion of a second channel with the second terminal based
on the second frame, and

determine a transmission rate applied to the first terminal
and a transmission rate applied to the second terminal
in spatially multiplexed transmission, based on the
quality information of the first channel, the quality
information of the second channel and interference
amount information being indicative of an amount of
interference depending on an execution condition of the
spatially multiplexed transmission.

2. The wireless communication device according to claim

1, where the receiver is configured to receive a third frame
to an nth frame from a third terminal to an nth terminal,
the controlling circuitry is configured to obtain quality
information of a third channel with the third terminal to
quality information of an nth channel with the nth
terminal,
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calculate first to nth transmission rates applicable to the
first terminal to the nth terminal based on the quality
information of the first to the nth channels and the
interference amount information,
calculate transmission time lengths necessary for trans-
mitting frames to the first to nth terminals based on the
first to the nth transmission rates and sizes of the frames
transmitted to the first to the nth terminals, and
select a plurality of terminals targeted for the spatially
multiplexed transmission from among the first to the
nth terminals based on proximity of the transmission
time lengths transmitted to the frames transmitted to the
first to the nth terminals.
3. The wireless communication device according to claim
2, wherein the controlling circuitry is configured to identify
aterminal to which the frame needs to be most preferentially
transmitted among the first to the nth terminals, and select at
least one another terminal other than the identified terminal
from among the first to the nth terminals based on proximity
of the transmission time length with respect to that of the
identified terminal, wherein the identified terminal and the
selected at least one another terminal corresponds to a
plurality of terminals targeted for the spatially multiplexed
transmission.
4. The wireless communication device according to claim
1, wherein the controlling circuitry is configured to calculate
a communication quality value based on a difference
between the quality information of the first or the second
channel and the interference amount information, and cal-
culate the transmission rate of the first or the second terminal
higher as the communication quality value becomes larger.
5. The wireless communication device according to claim
1, wherein the execution condition of the spatially multi-
plexed transmission is the number of spatially multiplexing,
and the interference amount indicated by the interference
amount information takes a larger value as the number of the
spatially multiplexing becomes larger.
6. The wireless communication device according to claim
1, wherein the execution condition of the spatially multi-
plexed transmission is a channel aging time after acquisition
of the quality information of the first or the second channel,
and the interference amount indicated by the interference
amount information takes a larger value as the channel aging
time becomes longer.
7. The wireless communication device according to claim
1, wherein the interference amount information indicates an
average value of either simulation values or actual measure-
ment values for inter-terminal interference amounts of
respective terminals in a plurality of terminal combinations.
8. The wireless communication device according to claim
1, wherein the execution condition of the spatially multi-
plexed transmission is a use of the first or the second
terminal, and the interference amount indicated by the
interference amount information takes different values
depending on the use.
9. The wireless communication device according to claim
8, wherein the use is indoor use or outdoor use.
10. The wireless communication device according to
claim 1, comprising at least one antenna.
11. A wireless communication method comprising:
receiving a first frame from a first terminal and a second
frame from a second terminal;
obtaining quality information of a first channel with the
first terminal based on the first frame and quality
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information of a second channel with the second ter-
minal based on the second frame; and

determining a transmission rate applied to the first termi-

nal and a transmission rate applied to the second
terminal in spatially multiplexed transmission, based
on the quality information of the first channel, the
quality information of the second channel and interfer-
ence amount information being indicative of an amount
of interference depending on an execution condition of
the spatially multiplexed transmission.

12. The wireless communication method according to
claim 11, comprising: receiving a third frame to an nth frame
from a third terminal to an nth terminal,

obtaining quality information of a third channel with the

third terminal to quality information of an nth channel
with the nth terminal,

calculating first to nth transmission rates applicable to the

first terminal to the nth terminal based on the quality
information of the first to the nth channels and the
interference amount information,
calculating transmission time lengths necessary for trans-
mitting frames to the first to nth terminals based on the
first to the nth transmission rates and sizes of the frames
transmitted to the first to the nth terminals, and

selecting a plurality of terminals targeted for the spatially
multiplexed transmission from among the first to the
nth terminals based on proximity of the transmission
time lengths transmitted to the frames transmitted to the
first to the nth terminals.

13. The wireless communication method according to
claim 12, comprising: identifying a terminal to which the
frame needs to be most preferentially transmitted among the
first to the nth terminals, and selecting at least one another
terminal other than the identified terminal from among the
first to the nth terminals based on proximity of the trans-
mission time length with respect to that of the identified
terminal, wherein the identified terminal and the selected at
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least one another terminal corresponds to a plurality of
terminals targeted for the spatially multiplexed transmission.

14. The wireless communication method according to
claim 11, comprising: calculating a communication quality
value based on a difference between the quality information
of'the first or the second channel and the interference amount
information, and calculating the transmission rate of the first
or the second terminal higher as the communication quality
value becomes larger.

15. The wireless communication method according to
claim 11, wherein the execution condition of the spatially
multiplexed transmission is the number of spatially multi-
plexing, and the interference amount indicated by the inter-
ference amount information takes a larger value as the
number of the spatially multiplexing becomes larger.

16. The wireless communication method according to
claim 11, wherein the execution condition of the spatially
multiplexed transmission is a channel aging time after
acquisition of the quality information of the first or the
second channel, and the interference amount indicated by
the interference amount information takes a larger value as
the channel aging time becomes longer.

17. The wireless communication method according to
claim 11, wherein the interference amount information indi-
cates an average value of either simulation values or actual
measurement values for inter-terminal interference amounts
of respective terminals in a plurality of terminal combina-
tions.

18. The wireless communication method according to
claim 11, wherein the execution condition of the spatially
multiplexed transmission is a use of the first or the second
terminal, and the interference amount indicated by the
interference amount information takes different values
depending on the use.

19. The wireless communication method according to
claim 18, wherein the use is indoor use or outdoor use.
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