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DESCRIPTION
Title of Invention

TERMINAL AND COMMUNICATION METHOD

Technical Field

[0001] The present disclosure relates to a terminal and a communication method.

Background Art

[0002] Studies have been carried out on the Institute of Electrical and Electronics
Engineers (IEEE) 802.11be standard for the next generation radio Local Area Network
(LAN), which is the successor to the IEEE 802.11ax standard of IEEE 802.11. The IEEE

802.11be is also referred to as Extream High Throughput (EHT), for example.
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IEEE 802. 11-19/1908r4, Multi-RU support
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Summary of Invention

[0004] However, there is scope for further study on a method of allocating a frequency
resource in radio communication in a wireless LAN or the like.

[0005] One non-limiting and exemplary embodiment facilitates providing a terminal and
a communication method each capable of improving the allocation efficiency for a frequency
resource.

[0006] A terminal according to an exemplary embodiment of the present disclosure
includes: reception circuitry, which, in operation, receives first information on a plurality of
resource units in resource assignment candidates; and control circuitry, which, in operation,
controls communication using at least one of the plurality of resource units, based on the first
information.

[0007] It should be noted that general or specific embodiments may be implemented as a
system, an apparatus, a method, an integrated circuit, a computer program, a storage medium,
or any selective combination thereof.

[0008] According to an exemplary embodiment of the present disclosure, it is possible to
improve the allocation efficiency for a frequency resource.

[0009] Additional benefits and advantages of the disclosed embodiments will become
apparent from the specification and drawings. The benefits and/or advantages may be
individually obtained by the various embodiments and features of the specification and
drawings, which need not all be provided in order to obtain one or more of such benefits

and/or advantages.

Brief Description of Drawings

[0010]
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FIG

. 1 illustrates an exemplary signaling format for a Downlink (DL) Orthogonal
Division Multiple Access (OFDMA);

. 2 illustrates an example of Resource unit (RU) Allocation;

. 3 illustrates an exemplary format of a Trigger frame;

. 4 illustrates another example of RU Allocation;

. 5 illustrates an assignment example of RU for Uplink (UL) OFDMA;

. 6 illustrates an assignment example of RU;

. 7 llustrates still another example of RU Allocation;

. 8 is a block diagram illustrating a configuration example of part of an access
according to Embodiment 1;

. 9 is a block diagram illustrating a configuration example of part of a station

(STA) according to Embodiment 1;

FIG

. 10 is a block diagram illustrating a configuration example of the AP according

to Embodiment 1;

FIG

. 11 is a block diagram illustrating a configuration example of the STA according

to Embodiment 1;

FIG

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

. 12 1llustrates an exemplary signaling format for DL OFDMA;

13 illustrates an RU assignment example according to Method 1;

14 illustrates an RU assignment example according to Method 2;

15 illustrates an RU assignment example according to Method 3;

16 illustrates an exemplary signaling format according to Method 4;
17 illustrates an exemplary signaling format according to Method 5;
18 illustrates an RU assignment example according to Method 6;

19 illustrates an example of RU Allocation according to Method 6;
20 illustrates an RU assignment example according to Method 7;

21 illustrates an RU assignment example according to Method §;
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FIG. 22 illustrates another RU assignment example according to Method 8; and

FIG. 23 illustrates still another RU assignment example according to Method 8.

Description of Embodiments

[0011] Hereinafter, embodiments of the present disclosure will be described in detail with
reference to the accompanying drawings.

[0012] InIEEE 802.11be, for example, in Orthogonal Frequency Division Multiple Access
(OFDMA) transmission, a method has been discussed for allocating, to one STA (also
referred to as a Station or a terminal), a plurality of Resource Units (RUs) in contiguous or
non-contiguous frequency domains ((e.g., see Non-Patent Literatures (hereinafter referred to
as "NPL(s)") 1 to 4). With this RU allocation, the frequency utilization efficiency can be
improved.

[0013] In IEEE 802.11ax, for example, contiguous allocation of RU is possible in the
frequency domain while non-contiguous RU allocation is not supported. Further, in [EEE
802.11ax, for example, a method for indicating information on the RU allocation differs
between the downlink (DL) OFDMA and the uplink (UL) OFDMA (e.g., see NPL 5).
[0014] In one example, FIG. 1 illustrates an exemplary signaling format for the DL
OFDMA in IEEE 802 11ax.

[0015] As illustrated in FIG. 1, the information on the RU allocation is indicated in, for
example, the Common field including common information shared by a plurality of users (or
STAs) in the HE-SIG-B field of the High Efficiency (HE) preamble. Further, in FIG. 1,
one RU is allocated to one STA based on the information on the RU allocation. For
example, the Common field in HE-SIG-B field may include the RU Allocation subfield.
The RU Allocation subfield may include, for example, the RU allocation information shared
by a plurality of STAs subject to the allocation. For example, the RU Allocation subfield

may indicate information on a size of RU and a position of RU in the frequency domain (in
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other words, information on configuration of RU). Further, for example, as illustrated in
FIG. 1, RU that has been indicated in the RU Allocation subfield may be allocated according
to the order of User fields corresponding to STAs, which are included in the User Specific
field including user specific information that is specific to each of a plurality of users (or
STAs) in the HE-SIG-B field. Incidentally, the configuration of RU may be replaced with,
for example, "setting of RU."

[0016] FIG. 2 illustrates an example of information on a size of RU and a position of RU
in the frequency domain indicated in the RU Allocation subfield in the HE preamble. For
example, in a case where a value included in the RU Allocation subfield illustrated in FIG.
1 is 8 (binary digits: 00001000), eight RUs including RU of 52 tones (e.g., RU composed of
RU #1 and RU #2; hereinafter may be also referred to as 52-toneRU) and RUs of 26 tones
(RUs respectively composed of RU #3 to RU #9; hereinafter may be also referred to as 26-
tone RU) may be allocated to a plurality of STAs. Further, for example, 52-tone RU
illustrated in FIG. 2 may be allocated to STA 1 while 26-tone RU (RU #3) may be allocated
to STA 2, based on the order of User fields corresponding to STAs included in the User
Specific field (e.g., in FIG. 1, STA 1 and STA 2 in this order). Similarly, in a case where
the value included in the RU Allocation subfield is 8, RU may be allocated to another STA
(e.g., STAB).

[0017] FIG. 3 illustrates an exemplary signaling format for the UL OFDMA in IEEE 802
11ax.

[0018] Asillustrated in FIG. 3, the information on the RU allocation is indicated in the RU
Allocation subfield in the Per User Info field that is a STA-specific field within the User Info
List field of the Trigger frame. In the UL OFDMA, for example, a plurality of contiguous
RUs can be allocated to one STA. FIG. 4 illustrates an example of information on a size of
RU and a position of RU in the frequency domain (i.e., information on configuration of RU),

which is indicated in the RU Allocation subfield of the Trigger frame. For example, one
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RU may be designated to STA by the granularity (in other words, RU size) of 26 tones or
more within 80 MHz.

[0019] For example, as illustrated in FIG. 5, in a case where 4 (binary digits: 00000100) is
indicated to STA 1 in the RU Allocation subfield, the fifth 26-tone RU may be allocated to
STA 1. Further, for example, as illustrated in FIG. 5, in a case where 39 (binary digits:
00100111) is indicated to STA 2 in the RU Allocation subfield, the third 52-tone RU may be
allocated to STA 2. Similarly, for example, as illustrated in FIG. 5, in a case where 40
(binary digits: 00101000) is indicated to STA 3 in the RU Allocation subfield, the fourth 52-
tone RU may be allocated to STA 3.

[0020] A description has been given of the methods for indicating the information on the
RU allocation in DL and UL in IEEE 802 11ax.

[0021] Here, for example, a method for assigning a plurality of RUs to one STA based on
the signaling format of IEEE 802 1lax (for example, FIG. 1) will be described. FIG. 6
illustrates an exemplary User Specific field format in the method.

[0022] For example, identical identification information for a single STA (e.g., STA ID in
DL, association identifier (AID) in UL) may be set to a plurality of User fields (e.g., see NPL
2). By way of example, the User Specific field illustrated in FIG. 6 includes two User fields
corresponding to STA 1 and two User fields corresponding to STA 2.  Further, for example,
as illustrated in FIG. 7, when RU Allocation subfield = 6 (binary digits: 00000110) in the
HE preamble is indicated, RUs may be allocated to STA 1, STA 2, STA 1, and STA 2 in this
order, based on the User Specific fields illustrated in FIG. 6. In this method described
above, a plurality of RUs can be allocated to one STA. For example, in FIG. 7, two non-
contiguous RUs can be allocated to each STA.

[0023] Inthis method, however, the amount of signaling per STA may be increased because
a plurality of User fields is configured for one STA to which a plurality of RUs is allocated.

For example, increasing the signaling amount per STA may cause an increase in overhead,
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which results in a reduction in throughput. In one User Block field illustrated in FIG. 1 or
6, for example, a User field is composed of 21 bits, a Cyclic Redundancy Check (CRC) field
is composed of four bits, and a tail bit field is composed of six bits. In other words, one
User Block field illustrated in FIG. 1 or FIG. 6 can be composed of at least 31 bits.
Therefore, for example, as illustrated in FIG. 6, when two or more User fields are configured
for one STA, the signaling amount may be increased by at least 31 bits as compared to the
format in IEEE 802 11ax (for example, FIG. 1).
[0024] Accordingly, in one exemplary embodiment of the present disclosure, a description
will be given of methods for allocating a plurality of RUs to one STA while suppressing an
increase in the signaling amount.
[0025] (Embodiment 1)

[Configuration of Radio Communication System]

A radio communication system according to the present embodiment includes at least
one AP 100 and at least one STA 200.
[0026] FIG. 8 is a block diagram illustrating a configuration example of part of AP 100
according to an exemplary embodiment of the present disclosure. In AP 100 illustrated in
FIG. 8, radio transceiver 104 (e.g., corresponding to transmission circuitry) transmits first
information (e.g., RU assignment information to be described later) regarding a plurality of
RUs for one terminal (e.g., STA 200) in resource assignment candidates (e.g., RU candidates).
Controller 101 controls, based on the first information, the communication using RU.
[0027] FIG. 9 is a block diagram illustrating a configuration example of part of STA 200
according to an exemplary embodiment of the present disclosure. In STA 200 illustrated in
FIG. 9, radio transceiver 202 (e.g., corresponding to reception circuitry) receives first
information (e.g., RU assignment information to be described later) on a plurality of RUs for
one terminal (e.g., STA 200) in resource assignment candidates (e.g., RU candidates).

Controller 204 (e.g., corresponding to control circuitry) controls, based on the first
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information, the communication using RU.
[0028] < Configuration Example of AP 100>

FIG. 10 is a block diagram illustrating a configuration example of AP 100. AP 100
illustrated in FIG. 10 includes, for example, controller 101, data transmission processor 102,
assigner 103, radio transceiver 104, antenna 105, extractor 106, and data reception processor
107.
[0029] Controller 101 may perform scheduling for STA 200 in at least one of DL and UL,
for example. Controller 101, for example, may determine a parameter such as the number
of STAs 200 to which a resource (e.g., RU) is allocated (e.g., number of multiplexes), a
frequency bandwidth, or frequency resources to be allocated to each STA 200. Controller
101 may generate, based on the determined parameter, for example, a control signal (e.g.,
preamble) that indicates, to STA 200, reception of a downlink signal. Controller 101 may
also generate, based on the determined parameter, a control signal (e.g., Trigger frame) that
indicates, to STA 200, transmission of an uplink signal.
[0030] Note that, an example of an assignment method of RU will be described later.
[0031] Controller 101, for example, outputs the generated control signal (e.g., EHT
preamble or Trigger frame) to radio transceiver 104. Additionally, controller 101, for
example, may output information on resource assignment of downlink data to assigner 103
and output information on resource assignment of uplink data to extractor 106.
[0032] Data transmission processor 102, for example, performs transmission processing
such as encoding and modulation on transmitted data to be input (e.g., downlink data) and
outputs the data signal resulting from the transmission processing to assigner 103.
[0033] Assigner 103, for example, assigns (i.e., maps) the data signal input from data
transmission processor 102 to a resource (e.g., RU), based on the information on the resource
assignment of the downlink data input from controller 101, and outputs the mapped signal

to radio transceiver 104.
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[0034] Radio transceiver 104, for example, performs communication with STA 200. In
one example, radio transceiver 104 performs radio transmission processing on the data signal
input from assigner 103 (e.g., downlink data) or the control signal input from controller 101
(e.g., preamble or Trigger frame), and transmits a radio signal from antenna 105. For
example, radio transceiver 104 may multiplex (e.g., perform time division multiplexing of)
the data signal and the control signal (e.g., preamble).
[0035] Further, for example, radio transceiver 104 performs radio reception processing on
a radio signal received by antenna 105 and outputs the received signal resulting from the
radio reception processing to extractor 106.
[0036] Extractor 106, for example, extracts, based on the information on the resource
assignment of the uplink data input from controller 101, a received data signal corresponding
to each STA 200 from the received signal input from radio transceiver 104, and outputs the
received data signal to data reception processor 107.
[0037] Datareception processor 107, for example, may perform reception processing such
as demodulation and decoding on the received data signal input from extractor 106, and
output the signal (e.g., received data) resulting from the reception processing.
[0038] <Configuration Example of STA 200>

FIG. 11 is a block diagram illustrating a configuration example of STA 200. STA
200 illustrated in FIG. 11 includes, for example, antenna 201, radio transceiver 202, extractor
203, controller 204, data reception processor 205, data transmission processor 206, and
assigner 207.
[0039] Radio transceiver 202 performs communication with AP 100, for example. Radio
transceiver 202 performs radio reception processing on a radio signal received by antenna
201 and outputs the received signal resulting from the radio reception processing to extractor
203. Further, for example, radio transceiver 202 performs radio transmission processing

on a data signal input from assigner 207 (e.g., uplink data) and transmits a radio signal from
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antenna 201.
[0040] Extractor 203, for example, extracts (i.e., detects) a control signal (e.g., preamble
or Trigger frame) from the received signal input from radio transceiver 202, and outputs the
control signal to controller 204. Further, extractor 203, for example, extracts a data part
from the received signal and outputs the data part to data reception processor 205.
[0041] Controller 204, for example, determines a resource (e.g., RU) assigned to the
downlink data for STA 200 or a resource (e.g., RU) assigned to the uplink data for STA 200,
based on the control signal input from extractor 203. For example, controller 204 may
output information on resource assignment of the downlink data to data reception processor
205 and output information on resource assignment of the uplink data to assigner 207.
[0042] Incidentally, an example of an assignment method of RU will be described later.
[0043] Data reception processor 205, for example, extracts, based on the information on
the resource assignment of the downlink data input from controller 204, a signal addressed
to STA 200 from the data part input from extractor 203. Data reception processor 205 then
may perform reception processing such as demodulation and decoding on the extracted
signal and output the signal (e.g., received data) resulting from the reception processing.
[0044] Data transmission processor 206, for example, performs transmission processing
such as encoding and modulation on transmitted data to be input (e.g., uplink data) and
outputs the data signal resulting from the transmission processing to assigner 207.
[0045] Assigner 207, for example, assigns (i.e., maps) the data signal input from data
transmission processor 206 to a resource (e.g., RU), based on the information on the resource
assignment of the uplink data input from controller 204, and outputs the mapped signal to
radio transceiver 202.
[0046] [RU Assignment Method]

FIG. 12 illustrates an exemplary signaling format for DL according to the present

embodiment. By way of example, the signaling format illustrated in FIG. 12 indicates an
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example based on the signaling format in IEEE 802 11be, but it is not limited to this example.
[0047] The EHT-SIG field illustrated in FIG. 12 of a preamble (e.g., EHT preamble) may
include, for example, a field (e.g., EHT-SIG-common field) including information shared by
a plurality of STAs 200 and a field (e.g., EHT-SIG-per user field) including the user-specific
information that is specific to each of the STAs.
[0048] Further, the EHT-SIG-common field (i.e., user common field) illustrated in FIG. 12
may include, for example, a field (e.g., RU configuration information subfield) including the
information on the configuration of RU (e.g., RU configuration information). The RU
configuration information may include, for example, the information on a size of RU and a
position of RU in the frequency domain. That is, the RU configuration information may
include, for example, information on a candidate for RU (i.e., resource assignment candidate)
that can be assigned to STA 200.
[0049] Further, the EHT-SIG-per user field illustrated in FIG. 12 may include, for example,
one or more User Block fields. Each of the User Block fields may include, for example,
User field(s) corresponding to one or two STAs 200 (in FIG. 12, for example, User field
#STA 1 corresponding to STA1 and User field #STA 2 corresponding to STA 2). Each of
the User fields (i.e., user-specific field) may include, for example, a field (e.g., RU
assignment information subfield) including information on RU to be assigned to
corresponding STA 200 (hereinafter referred to as RU assignment information). The RU
assignment information may include, for example, information on RU assigned to STA 200
among the RU candidates indicated by the RU configuration information.
[0050] Hereinafter, a description will be given of exemplary methods for allocating RU
based on the RU configuration information and the RU assignment information.
[0051] [Method 1]

In Method 1, AP 100 may indicate information on RU to be assigned to STA 200 in

bitmap format by, for example, RU assignment information included in a User field. That
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is, the RU assignment information includes, for example, bitmap information indicating the
presence or absence of assignment to STA 200 (e.g., user) in a plurality of RU candidates
(e.g., resource assignment candidates) indicated by the RU configuration information.
[0052] For example, the RU assignment information may be composed of bits respectively
corresponding to each RU in the plurality of RU candidates indicated in the RU configuration
information notified in the Common field (e.g., EHT-SIG-common field). Further, a value
(e.g., 0 or 1) of one of the bits corresponding to the RU in the candidates may be determined
based on whether the RU is assigned to STA 200. For example, bit = 0 may indicate that
the RU corresponding to the bit is not assigned to STA 200, and bit = 1 may indicate that the
RU corresponding to the bit is assigned to STA 200. The relation between a bit value and
the presence or absence of RU assignment may be reversed.

[0053] FIG. 13 illustrates exemplary RU configuration information, RU assignment
information, and RU assignment results according to Method 1.

[0054] In FIG. 13, as an example, the RU configuration information may assume a
definition of an RU Allocation subfield for DL in IEEE 802 11ax. The RU configuration
information illustrated in FIG. 13 corresponds to, for example, RU Allocation subfield = 6
(binary digits: 00000110) for DL in IEEE 802 11ax. That is, in the example of FIG. 13, the
RU configuration indicated by the RU configuration information has a pattern in which, in a
20 MHz bandwidth, frequency mappings of RUs #1, 2, 4, 6, and 7 are each composed of 26
tones whereas frequency mappings of RUs #3 and 5 are each composed of 52 tones.

[0055] Note that, the RU configuration illustrated in the RU configuration information is
not limited to the example illustrated in FIG. 13 and may be, for example, an RU
configuration corresponding to another value different from RU Allocation subfield = 6 for
DL in IEEE 802 11ax or another RU configuration different from the RU configuration in
DL in IEEE 802 11ax.

[0056] Further, in the RU Allocation subfield for DL in IEEE 802 11ax, RU is numbered
12
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in units of 26 tones (e.g., in FIG. 2, RU #1 to RU #9), but in this case, one RU number may
be assigned to 52-tone RU. In one example, in FIG. 13, for 52-tone RUs, RU #3 and RU
#5 are assigned, respectively. For this reason, in the example illustrated in FIG. 13, the
range of RU numbers that can be assigned in a 20 MHz bandwidth is RU #1 to #7.
Incidentally, the range of RU numbers (i.e., number of RU candidates) may differ by the RU
configuration information (e.g., value of RU Allocation subfield (6 in FIG. 13)).

[0057] Further, the RU assignment information illustrated in FIG. 13 may include, for
example, information indicating the RU number to be assigned to STA 200 among RUs #1
to #7 indicated by the RU configuration information (e.g., information in bit map format).
For example, as illustrated in FIG. 13, in a case where RU #[2, 3] (e.g., bitmap:0110000) as
in Case 1 is designated for a certain STA 200 by the RU assignment information, frequency
resources of RU #2 and RU #3 may be assigned to the STA200. Similarly, in a case where
RU #[5,6] (e.g., bitmap:0000110), RU #[2,5] (e.g., bitmap:0100100), or RU #[3,6] (e.g.,
bitmap:0010010) as in Cases 2 to 3 is designated for STAs 200 by the RU assignment
information, it is indicated that each STA is assigned to the designated frequency mapping
of RU.

[0058] Thus, according to Method 1, AP 100 indicates, to STA 200, the assignment RU
number in bitmap format by using the RU assignment information in the User field. The
RU assignment in bitmap format can improve the flexibility of RU assignment, for example.
By way of example, as illustrated in FIG. 13, the RU assignment information included in one
User field allows one or more RUs to be assigned to one STA 200. Further, this RU
assignment information enables configuration of RU assignment in the contiguous frequency
allocation as in Cases 1 and 2 illustrated in FIG. 13 and configuration of RU assignment in
the non-contiguous frequency allocation as in Cases 3 and 4.

[0059] Further, according to Method 1, it is possible to suppress an increase in the signaling

amount in the RU assignment, thereby improving throughput. For example, in the example
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illustrated in FIG. 13, the number of signaling bits of the RU assignment information
included in a User field is seven bits (e.g., bits respectively corresponding to RU #1 to RU
#7). Thus, an increase in the number of signaling bits of the RU assignment information
according to Method 1 is 24 bits fewer than the increase in the number of signaling bits (e.g.,
increase by 31 bits) in the above-mentioned method (e.g., FIG. 6).

[0060] [Method 2]

In Method 2, for example, a combination of RUs that can be allocated to one STA 200
may be configured (e.g., limited) among all combinations of RUs. Further, AP 100 may
indicate, for example, among the combinations of RUs, information on a combination of
RUs to be assigned to STA 200, by the RU assignment information included in a User field.
That is, the RU assignment information includes, for example, information on any one of a
plurality of combinations of RU candidates (e.g., resource assignment candidates) indicated
by the RU configuration information.

[0061] For example, the RU assignment information may include information for
identifying a combination of RUs to be assigned to STA 200 (e.g., RU combination number)
and information indicating mapping of RU (e.g., either contiguous allocation and non-
contiguous allocation) in the frequency domain that is corresponding to the combination of
RUs assigned to STA 200.

[0062] FIG. 14 illustrates exemplary RU configuration information, RU assignment
information, and RU assignment results according to Method 2.

[0063] In FIG. 14, as an example, the RU configuration information may assume a
definition of an RU Allocation subfield for DL in IEEE 802 11ax, as in Method 1 (FIG. 13).
The RU configuration information illustrated in FIG. 14 corresponds to, for example, RU
Allocation subfield = 6 (binary digits: 00000110) for DL in IEEE 802 11ax. That is, in the
example of FIG. 14, the RU configuration indicated by the RU configuration information

has a pattern in which, in a 20 MHz bandwidth, frequency mappings of RUs #1, 2, 4, 6, and
14
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7 are each composed of 26 tones whereas frequency mappings of RUs #3 and 5 are each
composed of 52 tones.

[0064] Note that, the RU configuration illustrated in the RU configuration information is
not limited to the example illustrated in FIG. 14 and may be, for example, an RU
configuration corresponding to another value different from RU Allocation subfield = 6 for
DL in IEEE 802 1lax or another RU configuration different from the RU configuration in
DL in IEEE 802 11ax.

[0065] Further, the RU assignment information illustrated in FIG. 14 may include, for
example, information on the RU combination number and on a frequency mapping method
(contiguous or non-contiguous). Inone example, in FIG. 14, regarding the RU combination,
four combinations (e.g., Cases 1 to 4) are configured in which two kinds of contiguous
allocation of and two kinds of non-contiguous allocation are included. For example, the
RU assignment information enables configuration of RU assignment in the contiguous
frequency allocation as in Cases 1 and 2 illustrated in FIG. 14 and configuration of RU
assignment in the non-contiguous frequency allocation as in Cases 3 and 4.

[0066] An association between the RU combination numbers #1 and #2 indicated by the
RU assignment information and the RU number (RUs #1 to #7 in FIG. 14) in the RU
configuration indicated by the RU configuration information may be indicated from AP 100
to STA 200 or may be specified by standards, for example.

[0067] Thus, according to Method 2, among all combinations of RUs, a combination of
RUs that can be assigned to one STA 200 is configured. AP 100 then indicates, for example,
by the RU assignment information in a User field, the RU combination number and the
frequency mapping to be assigned to STA 200. With this RU assignment, for example, an
increase in the signaling amount in the RU assignment can be suppressed, and throughput
can be thus improved. For example, in the example illustrated in FIG. 14, the number of

signaling bits of the RU assignment information included in the User field is two bits (e.g.,
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four ways of Cases 1 to 4). Thus, an increase in the number of signaling bits of the RU
assignment information according to Method 2 is 29 bits fewer than an increase in the
number of signaling bits (e.g., increase by 31 bits) in the above-mentioned method (e.g., FIG.
6).

[0068] In FIG. 14, a case has been described where the RU combination number and the
frequency mapping (contiguous allocation or non-contiguous allocation) are indicated to
STA 200 by the RU assignment information, but it is not limited to this case. For example,
some of combinations of RUs indicated by the RU configuration information (e.g., RU#1 to
RU#7 in FIG. 14) may be indicated by the RU assignment information. For example, a
combination of RUs corresponding to either contiguous allocation and non-contiguous
allocation may be included.

[0069] Additionally, in FIG. 14, for example, a case has been described where the number
of RUs allocated to STA 200 by the RU assignment information is two, but it is not limited
to this case. One RU or three or more RUs may be indicated by the RU assignment
information. ~ Moreover, for example, the number of RUs associated may be differ
depending on the RU combination number.

[0070] Furthermore, the combinations of RUs that can be assigned to STA 200 by the RU
assignment information are not limited to four ways and may be two, three, or five or more
ways.

[0071] [Method 3]

In Method 3, for example, AP 100 may indicate, to STA 200, whether a combination
of a plurality of RUs is assigned to STA 200 by the RU assignment information included in
a User field (i.e., the presence or absence of RU combination). That is, the RU assignment
information includes, for example, information indicating whether a combination of a
plurality of RU candidates (e.g., resource assignment candidates) indicated by the RU

configuration information is used for assignment to STA 200 (e.g., user).

16



10

15

20

25

[0072] Here, a combination pattern of the plurality of RUs may be classified into, for
example, a category of small RU size (Small-size RUs) less than 20 MHz bandwidth {e.g.,
26,52, and 106 tones} and a category of large RU size (Large-size RUs) greater than or equal
to 20 MHz bandwidth {e.g., 242, 484, and 996 tones}, while the combination of RUs may
be configured for a combination of RUs within each category.

[0073] In Method 3, as an example, the RU combination is assumed in which the RU size
is a large RU size (Large-size RU) greater than or equal to 20 MHz bandwidth (e.g., 242
tones).

[0074] FIG. 15 illustrates exemplary RU configuration information, RU assignment
information, and RU assignment results according to Method 3.

[0075] In FIG. 15, as an example, the RU configuration information may assume a
definition of an RU Allocation subfield for DL in IEEE 802 11ax. The RU configuration
information illustrated in FIG. 15 corresponds to, for example, RU Allocation subfield = 192
to 199 (binary digits: 11000y2y1y0) [242 tones] and RU Allocation subfield = 200 to 207
(binary digits: 11001y2yly0) [484 tones]. That is, in the example of FIG. 15, the RU
configuration indicated by the RU configuration information has a pattern in which 242 tones
equivalent to a 20 MHz bandwidth and 484 tones equivalent to a 40 MHz bandwidth are
defined one each within an 80 MHz bandwidth.

[0076] Note that, the configuration of RU illustrated in the RU configuration information
is not limited to the example illustrated in FIG. 15 and may be, for example, an RU
configuration corresponding to another value different from 192 to 199 and 200 to 207 of
the RU Allocation subfield for DL in IEEE 802 11ax or another RU configuration different
from the RU configuration in DL in IEEE 802 11ax.

[0077] Inaddition, for example, frequency mappings of two RUs of 242-tone RU and 484-
tone RU indicated by the RU configuration information (e.g., RU #1 and RU #2) may be

four patterns illustrated in FIG. 15.
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[0078] Further, the RU assignment information illustrated in FIG. 15 may include, for
example, information indicating whether the combination of RU #1 and RU #2 indicated by
the RU configuration information is assigned to STA 200 (i.e., the presence or absence of
RU combination). For example, in FIG. 15, one kind of RU combination of 242-tone RU
and 484-tone RU within an 80 MHz bandwidth is present. Hence, STA 200 can recognize
RU allocated to STA 200 (e.g., the presence or absence of RU combination) by the RU
assignment information indicating the presence or absence of the RU combination.

[0079] For example, as illustrated in FIG. 15, when the RU assignment information
indicates that an RU combination is present, STA 200 may determine that the combination
of RUs (e.g., RU #1 and RU #2) indicated by the RU configuration information is assigned
to STA 200. On the other hand, when the RU assignment information indicates that an RU
combination is absent, STA 200 may determine that RUs (e.g., RU #1 and RU #2) indicated
by the RU configuration information are allocated to different STAs, respectively.

[0080] Thus, according to Method 3, in a case of one kind of RU combination, AP 100
indicates information indicating the presence or absence of the RU combination to be
allocated to STA 200 according to the RU assignment information in the User field. With
this RU assignment, for example, an increase in the signaling amount in the RU assignment
can be suppressed, and throughput can be thus improved. For example, in the example
illustrated in FIG. 15, the number of signaling bits of the RU assignment information
included in the User field is one bit (e.g., present or absent). Thus, an increase in the
number of signaling bits of the RU assignment information according to Method 3 is 30 bits
fewer than an increase in the number of signaling bits (e.g., increase by 31 bits) in the above-
mentioned method (e.g., FIG. 6).

[0081] Incidentally, in FIG. 15, a case has been described where the information on the
presence or absence of the RU combination is included in the User field, but the information

on the presence or absence of the RU combination may be indicated by the RU configuration
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information in the Common field. For example, the information on the presence or absence
of the RU combination in the Common field or information on OFDMA and non-OFDMA
may be added to an RU Allocation subfield as in Method 6 to be described later, or may be
added to a different field from the RU Allocation subfield.

[0082] Further, in FIG. 15, as an example, a case has been described where the combination
pattern of RUs (i.e., kind of RU combination) is one, but the number of combination patterns
of RU may be two or more.

[0083] Further, the present embodiment has described the combination of RUs in the
category of Large-size RU, but the combination of RUs is not limited to this. In one
example, the combination of RUs may be a combination of RUs in the category of Small-
size RU or a combination of RUs in both categories of Large-size RU and Small-size RU.
[0084] [Method 4]

In Method 4, for example, additional control information may be included in a
Common field or a User field for switching an assignment method of RU according to the
RU assignment information included in the User field. That is, for example, STA 200 may
receive information indicating a configuration of the RU assignment information (i.e.,
allocation type) and perform the communication control according to the configuration of
the RU assignment information indicated by the information.

[0085] FIG. 16 illustrates an exemplary signaling format for DL according to Method 4.

[0086] As illustrated in FIG. 16, for example, in the RU assignment information field (e.g.,
RU assignment information subfield) in a User field, an allocation type (Allocation type) for
switching an RU assignment method may be provided. STA 200 may switch, based on the
Allocation type, a definition of an RU assignment value (RU assignment value), for example.
[0087] For example, any of Methods 1 to 3 may be configured as the assignment method
of RU. In the example of FIG. 16, Method 2 and Method 3 are switched according to the

Allocation type. By way of example, in FIG. 16, when allocation type = 0, the RU
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assignment method according to Method 2 may be configured, and when allocation type =
1, the RU assignment method according to Method 3 may be configured.
[0088] Further, for example, regardless of the Allocation type (i.e., RU assignment
method), when a size of RU assignment information is fixed, the size may be set constant by
adding a padding bit as illustrated in FIG. 16. Meanwhile, in the example of FIG. 16, a
case has been described where the allocation type is placed in the RU assignment information
in the User field, but the allocation type may be included in a field different from the RU
assignment information in the User field, the RU configuration information in the Common
field, or a field different from the RU configuration information in the Common field.
[0089] According to Method 4, for example, switching the RU assignment methods such
as Methods 1 to 3 can improve the scheduling flexibility while suppressing an increase in
signaling bits.
[0090] Incidentally, in Method 4, a case has been described where the allocation type is
indicated by being included in the Common field or the User field, but the allocation type
may be implicitly indicated to STA 200 based on, for example, other information. For
example, STA 200 may determine that Method 2 (or Method 1) is configured in a case where
the frequency bandwidth assigned to STA 200 is less than 20 MHz, while STA 200 may
determine that Method 3 is configured, and thus switch the RU assignment methods indicated
by the RU assignment information in a case where the frequency bandwidth is 20 MHz or
more.
[0091] [Method 5]

In Method 5, for STA 200, the RU configuration information need not be included in
a packet including the RU allocation information, for example.
[0092] In one example, the RU configuration information may be indicated to STA 200
prior to an indication of the RU allocation information. For example, AP 100 may transmit

a beacon including the RU configuration information to STA 200.
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[0093] Alternatively, the RU configuration information may be previously configured for
STA 200 or be defined (i.e., specified) by specifications (or standards), for example.

[0094] By way of example, Method 5 may be applied to RU allocation for a Trigger frame
in UL OFDMA. FIG. 17 illustrates a configuration example of the Trigger frame in UL
OFDMA according to Method 5.

[0095] The Common Info field illustrated in FIG. 17 need not include, for example, the
RU configuration information. The RU configuration information may be indicated to STA
200 by a beacon or may be defined by specifications as mentioned above.

[0096] In addition, as illustrated in FIG. 17, a Per User Info field may include, for example,
RU allocation information corresponding to any of Methods 1 to 4 described above. In FIG.
17, as an example, the Per User Info field may include information on an allocation type
(e.g., Allocation Type subfield) and RU allocation information (e.g., RU Allocation subfield)
corresponding to the allocation type. In FIG. 17, as an example, the RU allocation
information according to Method 4 (e.g., including allocation type and RU allocation value)
has been described, but the RU allocation method is not limited to Method 4 and may be any
of Method 1 to Method 3 or Method 6 to Method 8 to be described later. In the case of
Method 1 to Method 3, for example, the allocation type illustrated in FIG. 17 may not be
included.

[0097] For example, STA 200 may identify RU to be allocated to STA 200 based on the
holding RU configuration information and the allocation information indicated in the Trigger
frame. Thatis, even in UL, as in DL in Method 1 to Method 4 described above or Method
6 to Method 8, the allocation of a plurality of RUs such as contiguous allocation or non-
contiguous allocation is possible by the RU allocation information indicated in one Per User
Info field (e.g., user specific information) corresponding to STA 200.

[0098] Thus, according to Method 5, for example, even in the Trigger frame in UL

OFDMA, it is possible to suppress an increase in the signaling amount related to the RU
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allocation, thereby improving throughput.
[0099] [Method 6]

In Method 6, AP 100, for example, may indicate RU configuration information
indicating the RU configuration (e.g., RU candidate or resource assignment candidate) and
a combination of the RU candidates (e.g., list of RU combinations) in a Common field and
may indicate information (e.g., RU combination number) for identifying the combination to
be assigned to STA 200 by using RU assignment information included in a User field.
[0100] FIG. 18 illustrates exemplary RU configuration information, RU assignment
information, and RU assignment results according to Method 6.

[0101] In FIG. 18, as an example, the RU configuration information may assume a
definition of an RU Allocation subfield for DL in IEEE 802 11ax. The RU configuration
information illustrated in FIG. 18 corresponds to, for example, RU Allocation subfield = 6
(binary digits: 00000110) for DL in IEEE 802 11ax.

[0102] Further, the RU configuration information illustrated in FIG. 18 may include, for
example, RU combination information on a combination of a plurality of RU candidates.
The RU combination information may be defined in, for example, an undefined region of
the RU Allocation subfield for DL in IEEE 802 11ax.

[0103] FIG. 19 illustrates an example of RU configuration information according to
Method 6. In FIG. 19, the RU configuration information assumes, for example, a definition
of an RU Allocation subfield, and the RU Allocation subfield may be included, as the RU
configuration information, in an EHT-SIG-common field. For example, the RU Allocation
subfield for DL in IEEE 802 11ax includes an undefined region (in other words, an undefined
entry) of 52 entries (e.g., RU Allocation subfield = 116 to 127, and 216 to 255). For
example, the RU combination information may be added to the undefined entry. That is,
some of values of the RU Allocation subfield indicate, as in the case of IEEE 802 11ax, an

RU configuration not including an assignment of the combination of a plurality of RUs, and
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a particular value, which is different from the value indicating the RU configuration not
including the assignment of the combination of the plurality of RUs, indicates a particular
RU configuration including the assignment of the combination of the plurality of RUs.
[0104] In the example illustrated in FIG. 19, RU combination information indicating RU
combinations according to Methods 1 to 3 may be included. For example, in FIG. 19, the
RU combination information indicating combinations of 26-tone RUs and 52-tone RUs,
which have a small RU size less than a 20 MHz bandwidth (Small-size RUs), may be defined
in RU Allocation subfields =116 and 117. On the other hand, for example, in FIG. 19, the
RU combination information indicating combinations of 242-tone RUs and 484-tone RUs,
which have a large RU size greater than or equal to a 20 MHz bandwidth (Large-size RUs),
may be defined in RU Allocation subfields =216 and 217.

[0105] Incidentally, in FIG. 19, "-A" and "-B" indicate that they form a pair of the same
combination. For example, "-A" illustrated in FIG. 19 may correspond to the combination
of RU combination number = 1 illustrated in FIG. 18, and "-B" illustrated in FIG. 19 may
correspond to the combination of RU combination number = 2 illustrated in FIG. 18.

[0106] Note that, the RU combination is not limited to the example illustrated in FIG. 19
and may include, for example, some or all of the RU combinations specified by the
specifications of IEEE 802 11be. Further, an RU Allocation subfield pattern may include
unallocation information.

[0107] For example, the RU configuration information illustrated in FIG. 18 may include
the RU configuration corresponding to RU Allocation subfield = 6 and the RU combination
corresponding to RU Allocation subfield =116 or 117.

[0108] Further, the RU assignment information illustrated in FIG. 18 may include, for
example, information indicating an RU combination number to be assigned to each STA 200
among the RU combinations in RU #1 to RU #7 indicated by the RU configuration

information.
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[0109] Forexample, in FIG. 18, when RU Allocation subfield = 116 of the RU combination
having the contiguous frequency mapping (e.g., FIG. 19) is designated by the RU
configuration information and RU combination number = 1 is indicated by the RU
assignment information, STA 200 may determine that RUs corresponding to RU combination
number 1 with the contiguous RU mapping (e.g., RU #2 and RU #3) are the assigned RUs.
Similarly, when RU Allocation subfield = 116 (e.g., FIG. 19) is designated by the RU
configuration information and RU combination number = 2 is indicated by the RU
assignment information, STA 200 may determine that RUs corresponding to RU combination
number 2 with the contiguous RU mapping (e.g., RU #5 and RU #6) are the assigned RUs
(not illustrated).

[0110] Moreover, for example, in FIG. 18, when RU Allocation subfield = 117 of the RU
combination with the non-contiguous frequency mapping (e.g., FIG. 19) is designated by the
RU configuration information and RU combination number = 2 is indicated by the RU
assignment information, STA 200 may determine that RUs corresponding to RU combination
number 2 with the non-contiguous RU mapping (e.g., RU #3 and RU #6) are the assigned
RUs. Similarly, when RU Allocation subfield = 117 (e.g., FIG. 19) is designated by the RU
configuration information and RU combination number = 1 is indicated by the RU
assignment information, STA 200 may determine that RUs corresponding to RU combination
number 1 with the non-contiguous RU mapping (e.g., RU #2 and RU #5) are the assigned
RUs (not illustrated).

[0111] Thus, according to Method 6, including the RU combination information (i.e., list
of RU combinations) in the Common field makes it possible to suppress an increase in the
signaling amount related to the RU assignment in the User field, thereby improving
throughput. For example, in the example illustrated in FIG. 18, the number of signaling
bits of the RU assignment information in the User field is one bit. Thus, an increase in the

number of signaling bits of the RU assignment information according to Method 6 is 30 bits
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fewer than an increase in the number of signaling bits (e.g., increase by 31 bits) in the above-
mentioned method (e.g., FIG. 6).

[0112] Incidentally, in FIGS. 18 and 19, a combination of one or two RUs has been
described, but the number of RUs included in an RU combination may be three or more.
[0113] [Method 7]

In method 7, AP 100, for example, may indicate information on RU assignment for a
plurality of STAs 200 (i.e., a plurality of users) in RU assignment information included in
each of User fields respectively corresponding to STAs 200.

[0114] In other words, RU assignment information for a certain STA 200 may be
configured in each of the User field (i.e., user-specific field) that is directed to and received
by the certain STA 200 and a User field that is directed to another STA.

[0115] FIG. 20 illustrates exemplary RU configuration information, RU assignment
information, and RU assignment results according to Method 7.

[0116] In FIG. 20, as an example, the RU configuration information may assume a
definition of an RU Allocation subfield for DL in IEEE 802 11ax, as in Embodiment 1. The
RU configuration information illustrated in FIG. 20 corresponds to, for example, RU
Allocation subfield = 6 (binary digits: 00000110) for DL in IEEE 802 11ax. That is, in the
example of FIG. 20, the RU configuration indicated by the RU configuration information
has a pattern in which, in a 20 MHz bandwidth, frequency mappings of RUs #1, 2, 4, 6, and
7 are each composed of 26 tones whereas frequency mappings of RUs #3 and 5 are each
composed of 52 tones.

[0117] Note that, the RU configuration illustrated in the RU configuration information is
not limited to the example illustrated in FIG. 20 and may be, for example, an RU
configuration corresponding to another value different from RU Allocation subfield = 6 for
DL in IEEE 802 11ax or another RU configuration different from the RU configuration in

DL in IEEE 802 11ax.
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[0118] Further, the RU assignment information illustrated in FIG. 20 may include, for
example, information on RU (e.g., RU number) to be allocated to each of the plurality of
STAs 200, among RUs 31 to 37 indicated by the RU configuration information.

[0119] For example, as illustrated in FIG. 20, examples of methods for indicating the RU
assignment information include (a) bitmap format and (b) RU assignment tabular format.
[0120] In (a) bitmap format, the RU assignment information may include, for example,
information indicating RU numbers (in other words, assigned RUs) to be assigned to each
of the plurality of STAs 200, among RUs indicated by the RU configuration information.
[0121] For example, bit strings (e.g., seven bits) corresponding to seven RUs #1 to #7
indicated by the RU configuration information may be included for the plurality of STAs
200. In the example of the bitmap format illustrated in FIG. 20, the RU assignment
information may composed of 14 bits (seven bits x two users) indicating whether each of
RUs #1 to #7 is allocated to STA 1 and STA 2.

[0122] In one example, in Case 1 illustrated in FIG. 20, the assigned RU numbers for STA
1 are 2 and 3 (bits corresponding to RU #2 and #3 are ON; for example, bit map: 0110000)
whereas the assigned RU numbers for STA 2 are 5 and 6 (bits corresponding to RU #5 and
#6 are ON; for example, bit map: 0000110). This allows each STA 200 to identify that, for
example, the pair of RU numbers 2 and 3 contiguous in the frequency domain are the
assigned RUs for STA 1 and the pair of RU numbers 5 and 6 contiguous in the frequency
domain are the assigned RUs for STA 2.

[0123] Further, for example, in Case 2 illustrated in FIG. 20, the assigned RU numbers for
STA 1 are 2 and 5 (bits corresponding to RU #2 and #5 are ON; for example, bit map:
0100100) whereas allocated RU numbers for STA 2 are 3 and 6 (bits corresponding to RU
#3 and #6 are ON; for example, bit map: 0010010). This allows each STA 200 to identify
that, for example, the pair of RU numbers 2 and 5 contiguous in the frequency domain are

the assigned RUs for STA 1 and the pair of RU numbers 3 and 6 contiguous in the frequency
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domain are the assigned RUs for STA 2.

[0124] Further, in (b) RU assignment tabular format, for example, an assignment pattern
(or also referred to as assignment state) of each STA 200 (i.e., each user) for RUs (e.g., RU#1
to #7) as illustrated in FIG. 20 may be defined. The association between RUs and users
may be indicated in a table, for example. The RU assignment information may include, for
example, a number for identifying the association between RU and a user (e.g., referred to
as RU assignment tabular number).

[0125] In the example of FIG. 20, in the RU assignment corresponding to RU assignment
tabular number = 1, an assigned RU number for user 1 (e.g., STA 1) is a pair of 2 and 3, and
an assigned RU number for user 2 (e.g., STA 2) is a pair of 5 and 6. This allows each of
STAs 200 to identify that, for example, the pair of RU numbers 2 and 3 contiguous in the
frequency domain are the assigned RUs for STA 1 and the pair of RU numbers 5 and 6
contiguous in the frequency domain are the assigned RUs for STA 2.

[0126] Moreover, in the example of FIG. 20, in the RU assignment corresponding to RU
assignment tabular number = 2, an assigned RU number for user 1 (e.g., STA 1) is a pair of
2 and 5, and an assigned RU number for user 2 (e.g., STA 2) is a pair of 3 and 6. This
allows each of STAs 200 to identify that, for example, the pair of RU numbers 2 and 5 non-
contiguous in the frequency domain are the assigned RUs for STA 1 and the pair of RU
numbers 3 and 6 non-contiguous in the frequency domain are the assigned RUs for STA 2.
[0127] Thus, according to Method 7, STA 200 can identify the RU assignment for a
plurality of STAs 200 by, for example, reading RU assignment information included in any
of User fields corresponding to the plurality of STAs 200.

[0128] Additionally, Method 7 makes it possible to suppress an increase in the signaling
amount related to the RU assignment, thereby improving throughput.

[0129] For example, in the exemplary bitmap format illustrated in FIG. 20, the number of

signaling bits in the RU assignment information (e.g., RU assignment for two STAs)
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included in a User fields is 14 bits. Thus, an increase in the number of signaling bits of the
RU assignment information according to the bitmap format of Method 7 is 17 bits fewer than
an increase in the number of signaling bits (e.g., increase by 31 bits) in the above-mentioned
method (e.g., FIG. 6).

[0130] Further, for example, in the exemplary RU assignment tabular format illustrated in
FIG. 20, the number of signaling bits of the RU assignment information (e.g., four patterns
of RU assignment states) included in a User field is two bits. Thus, an increase in the
number of signaling bits of the RU assignment information according to the RU assignment
tabular format of Method 7 is 29 bits fewer than an increase in the number of signaling bits
(e.g., increase by 31 bits) in the above-mentioned method (e.g., FIG. 6).

[0131] Further, for example, in DL in IEEE 802 11ax, the number of User fields included
in a User Specific field is equal to the number of RUs indicated by RU Allocation, and the
order of User fields corresponding to STAs indicates the positions of RUs allocated to STAs.
Thus, in DL in IEEE 802 11ax, the RU assignment for STAs is identified based on the order
of User fields included in the User Specific field; thus, for example, each of the STAs has a
possibility of failing to identify the RU assignment for subject-STA or other STAs in a case
where decoding of a certain User field is incorrectly performed. In other words, each of
the STAs has a possibility of failing to identify RU based on the information on one User
field (e.g., a User field corresponding to each STA).

[0132] On the other hand, according to Method 7, even when failing to decode a certain
User field, STAs 200 can identify RU assignment for each of the plurality of STAs 200 as
long as decoding of other User fields is successfully performed. In other words, according
to Method 7, STAs 200 can identify the assigned RUs for STAs 200 without depending on
the order of User fields included in a User Specific field.

[0133] Incidentally, the RU assignment information in bitmap format and the association

between RUs and STAs (or Users) in the RU assignment information in RU assignment
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tabular format illustrated in FIG. 20 are exemplary and are not limited to these examples.
For example, in the RU assignment information in bitmap format or in RU assignment
tabular format, an STA to which contiguous RUs are allocated and an STA to which non-
contiguous RUs are allocated may coexist. Moreover, the number of RUs allocated to each
STA may vary in RU assignment information in bitmap format or in RU assignment
information in RU assignment tabular format. Furthermore, in the RU assignment
information in RU assignment tabular format, all combinations of RU assignments that can
be taken for a plurality of STAs (i.e., association of RUs and STAs) may be defined, or some
of all combinations of RU assignments may be defined.
[0134] [Method 8]

In Method 8, AP 100, for example, may indicate a start position of RU allocated to
STA 200 (e.g., may be also referred to as starting RU) and an end position of RU (e.g., may
be also referred to as ending RU), according to RU assignment information included in a
User field. Further, in the RU assignment information, a length of RU allocated to STA 200
(e.g., may be also referred to as RU length) may be included, instead of the ending RU.
[0135] STA 200, for example, may convert an RU number indicated by the RU assignment
information, in accordance with a prescribed rule.
[0136] Hereinafter, as an example, Determination methods 1 to 3 for RU will be described.
[0137] In the following examples, the RU configuration information may assume a
definition of an RU Allocation subfield for DL in IEEE 802 1lax. Hereinafter, as an
example, a case will be described where the RU configuration information corresponds to,
for example, RU Allocation subfield = 0 (binary digits: 00000000) for DL in IEEE 802 11ax.
In other words, in the following examples, an RU configuration indicated by the RU
configuration information has a pattern in which RUs #1 to #9 are composed of 26 tones in
a 20 MHz bandwidth.

[0138] The RU configuration indicated by the RU configuration information may be an
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RU configuration corresponding to another value different from RU Allocation subfield = 0
for DL in IEEE 802 11ax or another RU configuration different from the RU configuration
in DL in IEEE 802 11ax.
[0139] <Determination Method 1>

FIG. 21 illustrates exemplary RU configuration information, RU assignment
information, and RU assignment results according to Determination Method 1.
[0140] The RU assignment information illustrated in FIG. 21 may include, for example,
information on a starting RU (e.g., starting RU number) and information on ending RU (e.g.,
end RU number) or on the RU length of RU allocated to STA 200.
[0141] InFIG. 21, the range of the starting RU and the ending RU (or RU length) that can
be indicated by the RU assignment information may be configured to, for example, a range
of RUs (e.g., 1 to 9) indicated by the RU configuration information.
[0142] STA 200, for example, may perform communication control by using RUs having
cyclically shifted RU numbers from the starting RU number to the ending RU number.
Alternatively, STA 200, for example, may perform communication control by using RUs
having cyclically shifted RU numbers within the range of the RU length from the starting
RU number.
[0143] As a configuration example in FIG. 21, a case will be described where the starting
RU is 4 and the end RU is 9 (6 in the case of RU length). In this case, for example, the
range of RU numbers #4 to #9 (e.g., may be also referred to as virtual RU numbers) may be
configured in a virtual RU assignment range. STA 200, for example, may calculate actual
assigned RU numbers by performing, on the virtual RU numbers, a cyclic shift of a specified
number (in other words, cyclic shift amount). In FIG. 21, since the cyclic shift amount is
set to 3, three RUs at each of both ends in a 20 MHz bandwidth are allocated to STA 200.
[0144] According to Determination Method 1, the cyclic shift of the assigned RUs enables

assignment of non-contiguous RUs in the frequency domain, thereby improving the
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scheduling flexibility.
[0145] <Determination Method 2>

In Determination Method 2, a case will be described where a "wrap around" method
is applied.
[0146] FIG. 22 illustrates exemplary RU configuration information, RU assignment
information, and RU assignment results according to Determination Method 2.
[0147] The RU assignment information illustrated in FIG. 22 may include, for example,
information on a starting RU (e.g., starting RU number) and information on ending RU (e.g.,
end RU number) or on the RU length of RU allocated to STA 200.
[0148] InFIG. 22, the range of the starting RU and the ending RU (or RU length) that can
be indicated by the RU assignment information may be configured to, for example, a range
of RUs (e.g., 1 to 9) indicated by the RU configuration information.
[0149] For example, in a case where the ending RU number is smaller than the starting RU
number, STA 200 may perform communication control by using RUs from the starting RU
number to the final RU number and RUs from the first RU number to the ending RU number.
In contrast, for example, in a case where the RU length from the starting RU number to the
final RU number (e.g., referred to as first RU length) is shorter than the RU length indicated
by the RU assignment information (e.g., referred to as second RU length), STA 200 may
perform the communication control by using RUs from the starting RU number to the final
RU number and RUs from the first RU number to the RU number of the range of (second
RU length - first RU length).
[0150] As a configuration example in FIG. 22, a case will be described where the starting
RU is 7 and the ending RU is 3 (6 in the case of RU length). In this case, a position of the
ending RU is smaller than a position of the starting RU. Therefore, STA 200, for example,
may configure, as an RU assignment range, the range from the starting RU (RU #7) to the

final RU (RU #9 in FIG. 22) and the range from the head (in other words, first) RU (RU #1
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in FIG. 22) to the ending RU (RU #3).
[0151] Meanwhile, when the RU length is indicated by the RU assignment information,
for example, STA 200 may calculate the ending RU as follows:

Ending RU = mod (starting RU + RU length - 1, number of all RUs).
[0152] In the example of FIG. 22, ending RU = mod (7 + 6 - 1, 9) = 3, for example. In
other words, in the example of FIG. 22, six RUs are allocated to STA 200, the six RUs being
a sum of three RUs from starting RU #7 to final RU #9 and three RUs from first RU #1 to
RU #3 which corresponds to the range of the remaining three RUs among the indicated RU
lengths 6.
[0153] According to Determination Method 2, the wrap around method enables assignment
of non-contiguous RUs in the frequency domain, thereby improving the scheduling
flexibility.
[0154] <Determination Method 3>

FIG. 23 illustrates exemplary RU configuration information, RU assignment
information, and RU assignment results according to Determination Method 3.
[0155] The RU assignment information illustrated in FIG. 23 may include, for example, a
plurality of combinations (two pairs in FIG. 23) of a starting RU and an ending RU (or RU
length) of RUs to be allocated to STA 200. In other words, a plurality of contiguous regions
(e.g., may be also referred to as cluster) in the frequency domain may be indicated by the
RU assignment information.
[0156] Among the plurality of RUs for STA 200, a length of the contiguous regions in the
frequency domain (e.g., number of RUs, RU length, or RU size) may be configured to, for
example, a specified value (e.g., two RUs) or less.
[0157] For example, in FIG. 23, the range of the starting RU and the ending RU (or RU
length) may be configured to the range of RUs (e.g., 1 to 9) indicated by the RU configuration

information.

32



10

15

20

25

[0158] As a configuration example in FIG. 23, a case will be described where the starting
RU 1is 2, the ending RU 1 is 3 (2 in the case of RU length), the starting RU 2 is 7, and the
ending RU 2 is 7 (1 in the case of RU length).

[0159] As illustrated in FIG. 23, non-contiguous RUs of RUs #2, #3, and #7 can be
allocated to one STA 200. In addition, an RU length of the region composed of RU #2 and
RU #3 is two RUs and an RU length of the region composed of RU #7 is one RU, both of
which are equal to or less than the specified value two RUs.

[0160] According to Determination Method 3, RUs can be allocated to non-contiguous
regions in the frequency domain, thereby improving the scheduling flexibility. Further, for
example, in Determination Method 3, configuring an RU length to a specified value or less
makes it possible to suppress an increase in the number of signaling bits.

[0161] Determination Methods 1 to 3 have been each described, thus far.

[0162] Thus, according to Method 8, AP 100 indicates the starting RU and the ending RU
(or RU length) of the RUs allocated to STA 200 by the RU assignment information of the
User field. Further, STA 200 (e.g., user) determines the actual assigned RUs according to
the specified rule for the RU numbers indicated by the RU assignment information.
According to Method 8, it 1s possible to suppress an increase in the signaling amount related
to the RU assignment, thereby improving throughput.

[0163] For example, in FIG. 21 (Determination Method 1) and FIG. 22 (Determination
Method 2), since the range of the starting RU and the ending RU (or RU length) is 1 to 9,
the number of bits of each of the starting RU and the ending RU (or RU length) is four bits,
and the number of signaling bits of the RU assignment information in each User field is eight
bits. Thus, an increase in the number of signaling bits of the RU assignment information
illustrated in FIG. 21 and FIG. 22 is 23 bits fewer than an increase in the number of signaling
bits (e.g., increase by 31 bits) in the above-mentioned method (e.g., FIG. 6).

[0164] Further, for example, in FIG. 23 (Determination Method 3), since the range of the

33



10

15

20

25

starting RU and the ending RU (or RU length) is 1 to 9, and the length of the contiguous
domains (RU length) is set to 2 or less, the number of bits of the starting RU is four bits, and
the number of bits of the RU length is one bit. Hence, the number of signaling bits in the
RU assignment information of each User field illustrated in FIG. 23 is 5 x2=10bits. Thus,
an increase in the number of signaling bits of the RU assignment information illustrated in
FIG. 23 is 21 bits fewer than an increase in the number of signaling bits (e.g., increase by 31
bits) in the above-mentioned method (e.g., FIG. 6).

[0165] Methods 1 to 8 have been each described, thus far.

[0166] As described above, according to the present embodiment, AP 100, for example,
transmits RU assignment information on a plurality of RUs for one STA 200 in RU
candidates (i.e., resource assignment candidates) and controls the communication using RU
based on the RU assignment information. On the other hand, STA 200, for example,
receives the RU assignment information on the plurality of RUs in the RU candidates (i.e.,
resource assingnment candidates) and controls the communication using RU based on the
RU assignment information.

[0167] Inthe manner described above, AP 100 can allocate, for example, a plurality of RUs
(e.g., contiguous RUs or non-contiguous RUs) to one STA 200 in the RU assignment
information in one User field corresponding to subject-STA 200. Hence, according to the
present embodiment, for example, as compared to the above-mentioned method (e.g., FIG.
6), it is possible to suppress an increase in the number of signaling bits of a User field, thereby
improving throughput. Thus, according to the present embodiment, it is possible to allocate
a plurality of RUs to one STA 200 while suppressing an increase in the signaling amount,
thereby improving the assignment efficiency for a frequency resource.

[0168] The embodiment of the present disclosure has been described, thus far.

[0169] (Other Embodiments)

In the above-mentioned embodiment, a case has been described where the RU
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configuration information is included in a Common field and the RU assignment information
is included in a User field, but the present disclosure is not limited to this case. For example,
the RU configuration information may be included in a User field for DL. In other words,
a Common field may not include the RU configuration information.

[0170] Further, in the above-mentioned embodiment, the same RU assignment method (i.e.,
RU designation method) may be applied to both DL and UL.

[0171] By way of example, a Trigger frame in UL OFDMA may be extended in order to
include plural pieces of RU combination information in a Per User Info field. Further, a
format similar to the extended Trigger frame in UL OFDMA may be applied to DL OFDMA.
[0172] As another example, with respect to UL OFDMA, as in the format of DL OFDMA
illustrated in FIG. 12, the RU configuration information (e.g., RU configuration information:
size and position of each RU) within a channel band may be indicated in the common
information for STA (e.g., Common field), and the RU assignment information (e.g., RU
assignment information) composed of a plurality of RU numbers included the RU
configuration may be indicated in a single piece of user-specific information (e.g., User field).
Further, for example, a Common Info of a Trigger frame may include the RU configuration
information similar to that in DL. This reduces the size of User Info information, thereby
reducing an overhead of the entire signaling.

[0173]  Further, parameters such as a frequency bandwidth and an RU combination
described in the above-mentioned embodiment is exemplary, and similar methods as in the
above-mentioned embodiment can be applied to a frequency bandwidth and an RU
combination different from the exemplary frequency bandwidth and RU combination. For
example, for the frequency bandwidth, any of 20 MHz, 40 MHz, 80 MHz, 160 MHz, 240
MHz, and 320 MHz may be configured, or another frequency bandwidth may be configured.
For the RU combination, in one example, a plurality of RUs of at least one of 26-tone RU,

52-tone RU, 106-tone RU, 242-tone RU, 484-tone RU, and 996-tone RU may be combined.
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Note that, the RU size is not limited to these and may be another size.

[0174] Although the descriptions in the above embodiment are based on the format of
IEEE 802.11be as an example, an exemplary embodiment of the present disclosure is not
limited to being applied to the format of IEEE 802.11be. An exemplary embodiment of the
present disclosure can be applied to, for example, IEEE 802.11bd (Next Generation V2X
(NGV)), which is a next generation standard of the 802.11p standard for a vehicular
environment.

[0175] The present disclosure can be realized by software, hardware, or software in
cooperation with hardware. Each functional block used in the description of each
embodiment described above can be partly or entirely realized by an LSI such as an
integrated circuit, and each process described in the each embodiment may be controlled
partly or entirely by the same LSI or a combination of LSIs. The LSI may be individually
formed as chips, or one chip may be formed so as to include a part or all of the functional
blocks. The LSI may include a data input and output coupled thereto. The LSI here may
be referred to as an IC, a system LSI, a super LSI, or an ultra LSI depending on a difference
in the degree of integration.

[0176] However, the technique of implementing an integrated circuit is not limited to the
LSI and may be realized by using a dedicated circuit, a general-purpose processor, or a
special-purpose processor. In addition, a FPGA (Field Programmable Gate Array) that can
be programmed after the manufacture of the LSI or a reconfigurable processor in which the
connections and the settings of circuit cells disposed inside the LSI can be reconfigured may
beused. The present disclosure can be realized as digital processing or analogue processing.
[0177] If future integrated circuit technology replaces LSIs as a result of the advancement
of semiconductor technology or other derivative technology, the functional blocks could be
integrated using the future integrated circuit technology. Biotechnology can also be applied.

[0178] The present disclosure can be realized by any kind of apparatus, device or system
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having a function of communication, which is referred to as a communication apparatus.
The communication apparatus may comprise a transceiver and processing/control circuitry.
The transceiver may comprise and/or function as a receiver and a transmitter. The
transceiver, as the transmitter and receiver, may include an RF (radio frequency) module
including amplifiers, RF modulators/demodulators and the like, and one or more antennas.
Some non-limiting examples of such a communication apparatus include a phone (e.g.,
cellular (cell) phone, smart phone), a tablet, a personal computer (PC) (e.g., laptop, desktop,
netbook), a camera (e.g., digital still/video camera), a digital player (digital audio/video
player), a wearable device (e.g., wearable camera, smart watch, tracking device), a game
console, a digital book reader, a telehealth/telemedicine (remote health and medicine) device,
and a vehicle providing communication functionality (e.g., automotive, airplane, ship), and
various combinations thereof.

[0179] The communication apparatus is not limited to be portable or movable, and may
also include any kind of apparatus, device or system being non-portable or stationary, such
as a smart home device (e.g., an appliance, lighting, smart meter, control panel), a vending
machine, and any other "things" in a network of an "Internet of Things (IoT)."

[0180] The communication may include exchanging data through, for example, a cellular
system, a wireless LAN system, a satellite system, etc., and various combinations thereof.
[0181] The communication apparatus may comprise a device such as a controller or a
sensor which is coupled to a communication device performing a function of communication
described in the present disclosure. For example, the communication apparatus may
comprise a controller or a sensor that generates control signals or data signals which are used
by a communication device performing a communication function of the communication
apparatus.

[0182] The communication apparatus also may include an infrastructure facility, such as a

base station, an access point, and any other apparatus, device or system that communicates
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with or controls apparatuses such as those in the above non-limiting examples.

[0183] A terminal according to an exemplary embodiment of the present disclosure
includes: reception circuitry, which, in operation, receives first information on a plurality of
resource units in resource assignment candidates; and control circuitry, which, in operation,
controls communication using at least one of the plurality of resource units, based on the first
information.

[0184] In an exemplary embodiment of the present disclosure, the reception circuitry
receives second information on the resource assignment candidates in a user common field
of signaling and receives the first information in a user-specific field of the signaling.
[0185] In an exemplary embodiment of the present disclosure, the first information
includes bitmap information indicating the presence or absence of assignment in the resource
assignment candidates.

[0186] In an exemplary embodiment of the present disclosure, the first information
includes information on any one of a plurality of combinations of the resource assignment
candidates.

[0187] In an exemplary embodiment of the present disclosure, the first information
includes information for identifying at least one of the plurality of combinations and a
mapping of a resource unit corresponding to the at least one of the plurality of combinations
in a frequency domain.

[0188] In an exemplary embodiment of the present disclosure, the reception circuitry
receives second information indicating the resource assignment candidates and the plurality
of combinations in a user common field of signaling; and the first information includes
information for identifying the at least one of the plurality of combinations.

[0189] In an exemplary embodiment of the present disclosure, the first information
includes information indicating whether a combination of the resource assignment

candidates is used for assignment.
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[0190] In an exemplary embodiment of the present disclosure, the reception circuitry
receives third information indicating a configuration of the first information; and the control
circuitry controls the communication, according to the configuration indicated by the third
information.

[0191] In an exemplary embodiment of the present disclosure, the reception circuitry
receives a beacon including second information on the resource assignment candidates.
[0192] In an exemplary embodiment of the present disclosure, the resource assignment
candidates are previously configured for the terminal or are defined by standards.

[0193] In an exemplary embodiment of the present disclosure, the first information is
configured in each of a first user-specific field and a second user-specific field, the first user-
specific field being directed to the terminal and received by the reception circuitry, the second
user-specific field being directed to another terminal.

[0194] In an exemplary embodiment of the present disclosure, the first information
includes information indicating a starting resource unit number and an ending resource unit
number in a frequency domain; and the control circuitry controls the communication by
using resource units having cyclically shifted resource unit numbers from the starting
resource unit number to the ending resource unit number.

[0195] In an exemplary embodiment of the present disclosure, the first information
includes information indicating a starting resource unit number and an ending resource unit
number in a frequency domain; and the control circuitry controls the communication by
using resource units from the starting resource unit number to a final resource unit number
and resource units from a first resource unit number to the ending resource unit number, in a
case where the ending resource unit number is smaller than the starting resource unit number.
[0196] In an exemplary embodiment of the present disclosure, among the plurality of
resource units, a number of resource units contiguous in a frequency domain is equal to or

less than a specified value.
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[0197] A base station according to an exemplary embodiment of the present disclosure
includes: transmission circuitry, which, in operation, transmits first information on a plurality
of resource units in resource assignment candidates; and control circuitry, which, in operation,
controls communication using at least one of the plurality of resource units, based on the first
information.

[0198] A communication method according to an exemplary embodiment of the present
disclosure includes: receiving, by a terminal, first information on a plurality of resource units
in resource assignment candidates; and controlling, by the terminal, communication using at
least one of the plurality of resource units, based on the first information.

[0199] A communication method according to an exemplary embodiment of the present
disclosure includes: transmitting, by a base station, first information on a plurality of
resource units for one terminal among resource assignment candidates; and controlling, by
the base station, communication using at least one of the plurality of resource units, based
on the first information.

[0200] The disclosure of Japanese Patent Application No. 2020-044072, filed on March 13,
2020, including the specification, drawings and abstract, is incorporated herein by reference

in its entirety.

Industrial Applicability
[0201] An exemplary embodiment of the present disclosure is useful for radio

communication systems.

Reference Signs List
[0202]
100 AP

101, 204 controller
40



102, 206 Data transmission processor
103, 207 Assigner

104, 202 Radio transceiver

105, 201 Antenna

106, 203 Extractor

107, 205 Data reception processor

200 STA
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CLAIMS
Claim 1 A terminal, comprising:
reception circuitry, which, in operation, receives first information on a plurality of
resource units in resource assignment candidates; and
control circuitry, which, in operation, controls communication using at least one of the

plurality of resource units, based on the first information.

Claim 2 The terminal according to claim 1, wherein the reception circuitry receives
second information on the resource assignment candidates in a user common field of

signaling and receives the first information in a user-specific field of the signaling.

Claim 3 The terminal according to claim 1, wherein the first information includes
bitmap information indicating the presence or absence of assignment in the resource

assignment candidates.

Claim 4 The terminal according to claim 1, wherein the first information includes

information on any one of a plurality of combinations of the resource assignment candidates.

Claim 5 The terminal according to claim 4, wherein the first information includes
information for identifying at least one of the plurality of combinations and a mapping of a
resource unit corresponding to the at least one of the plurality of combinations in a frequency

domain.

Claim 6 The terminal according to claim 4, wherein:
the reception circuitry receives second information indicating the resource assignment

candidates and the plurality of combinations in a user common field of signaling; and
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the first information includes information for identifying the at least one of the

plurality of combinations.

Claim 7 The terminal according to claim 1, wherein the first information includes
information indicating whether a combination of the resource assignment candidates is used

for assignment.

Claim 8 The terminal according to claim 1, wherein:

the reception circuitry receives third information indicating a configuration of the first
information; and

the control circuitry controls the communication, according to the configuration

indicated by the third information.

Claim 9 The terminal according to claim 1, wherein the reception circuitry receives a

beacon including second information on the resource assignment candidates.

Claim 10  The terminal according to claim 1, wherein the resource assignment candidates

are previously configured for the terminal or are defined by standards.

Claim 11 The terminal according to claim 1, wherein the first information is configured
in each of a first user-specific field and a second user-specific field, the first user-specific
field being directed to the terminal and received by the reception circuitry, the second user-

specific field being directed to another terminal.

Claim 12 The terminal according to claim 1, wherein:

the first information includes information indicating a starting resource unit number
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and an ending resource unit number in a frequency domain; and
the control circuitry controls the communication by using resource units having
cyclically shifted resource unit numbers from the starting resource unit number to the ending

resource unit number.

Claim 13 The terminal according to claim 1, wherein:

the first information includes information indicating a starting resource unit number
and an ending resource unit number in a frequency domain; and

the control circuitry controls the communication by using resource units from the
starting resource unit number to a final resource unit number and resource units from a first
resource unit number to the ending resource unit number, in a case where the ending resource

unit number is smaller than the starting resource unit number.

Claim 14  The terminal according to claim 1, wherein, among the plurality of resource
units, a number of resource units contiguous in a frequency domain is equal to or less than a

specified value.

Claim 15 A communication method, comprising:

receiving, by a terminal, first information on a plurality of resource units in resource
assignment candidates; and

controlling, by the terminal, communication using at least one of the plurality of

resource units, based on the first information.
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