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(57) Abstract: According to aspects of the present disclosure, communication apparatus and methods are provided. According to one
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generation circuitry which, in operation, receives the resource allocation information from the controller and generates a Physical Layer
Protocol Data Unit (PPDU) therefrom; and a transmitter which, in operation, transmits the PPDU. The generated PPDU includes a plu-
rality of signaling fields that are associated with a Multi-User Multiple [nput Multiple Output (MU-MIMO) allocation, each comprising
a signaling subfield, based on the resource allocation information determined by the controller, containing spatial configuration and

modulation and coding scheme (MCS) information.
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COMMUNICATION APPARATUS AND COMMUNICATION
METHOD FOR CONTROL SIGNALING

TECHNICAL FIELD

The present disclosure is generally related to a communication apparatus and a
communication method. In particular, the disclosure relates, but is not limited, to a
communication apparatus and a communication method for wireless transmission control

signaling.

BACKGROUND ART

Reference to background art herein is not to be construed as an admission that such art

constitutes common general knowledge.

In the standardization of next-generation Wireless Local Area Network (WLAN)
technologies, a new radio access technology having backward compatibility with earlier

standards, such as IEEE 802.11a/b/g/n/ac/ax technologies, has been discussed.

In order to increase peak throughput and capacity over 802.11ax HE (High Efficiency)
WLAN, it has been considered to increase the maximum number of spatial streams, e.g.
increasing the maximum number of spatial streams from 8 to 16, especially for Multi-User

Multiple Input Multiple Output (MU-MIMO) transmissions.

However, the spatial configuration information required for an MU-MIMO
transmission in a Physical Layer Protocol Data Unit (PPDU) need to be extended to handle
an increased maximum number of spatial streams, which has the effect of increasing the size
of the signaling field. This is exacerbated where support for a large number of users in a

PPDU is mandated.
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SUMMARY OF INVENTION

One non-limiting and exemplary embodiment facilitates providing resource allocation
information for a wireless communication system using a Physical Layer Protocol Data Unit
containing a plurality of signaling fields including a signaling subfield that contains both

spatial configuration and modulation and coding scheme (MCS) information.

In one general aspect, the techniques disclosed here feature a communication apparatus
comprising:

a controller which, in operation, determines resource allocation information;

a signal generation circuitry which, in operation, receives the resource allocation
information from the controller and generates a Physical Layer Protocol Data Unit (PPDU)
therefrom; and

a transmitter which, in operation, transmits the PPDU;

wherein the generated PPDU includes a plurality of signaling fields that are associated
with a Multi-User Multiple Input Multiple Output (MU-MIMO) allocation, each comprising a
signaling subfield, based on the resource allocation information determined by the controller,

containing spatial configuration and modulation and coding scheme (MCS) information.

In another general aspect, the techniques described here feature a communication

apparatus comprising:

a receiver which, in operation, receives a Physical Layer Protocol Data Unit (PPDU);

a signal processing circuitry which, in operation, receives the PPDU from the receiver
and obtains a plurality of signaling fields that contains per-user allocation information; and

a controller which, in operation, determines one of the plurality of signaling fields
specific to the communication apparatus and determines spatial configuration and modulation
and coding scheme (MCS) information from a signaling subfield of the determined one of the
plurality of signaling fields if the determined one of the plurality of signaling fields is
associated with a Multi-User Multiple Input Multiple Output (MU-MIMO) allocation;

wherein the signal processing circuitry demodulates and decodes data contained in the
PPDU according to the spatial configuration and MCS information received from the

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

In another general aspect, the techniques disclosed here feature a communication
method for transmitting data, the communication method comprising:

determining resource allocation information; and

generating a Physical Layer Protocol Data Unit (PPDU) that includes a plurality of
signaling fields that are associated with a Multi-user Multiple Input Multiple Output (MU-
MIMO) allocation, each comprising a signaling subfield, based on the determined resource
allocation information, containing spatial configuration and modulation and coding scheme
(MCS) information; and

transmitting the PPDU.

In another general aspect, the techniques disclosed here feature a communication

method for receiving data, the communication method comprising:

receiving a Physical Layer Protocol Data Unit (PPDU);

obtaining a plurality of signaling fields that contains per-user allocation information;

determining one of the plurality of signaling fields specific to the communication
apparatus and spatial configuration and modulation and coding scheme (MCS) information
from a signaling subfield of the determined one of the plurality of signaling fields if the
determined one of the plurality of signaling fields is associated with a Multi-user Multiple
Input Multiple Output (MU-MIMO) allocation; and

demodulating and decoding data contained in the PPDU according to the spatial

configuration and MCS information.

It should be noted that general or specific embodiments may be implemented as a
system, a method, an integrated circuit, a computer program, a storage medium, or any

selective combination thereof.

The communication apparatus and communication method described in the present
disclosure may be utilized to facilitate communication devices and methods using signaling
subfields that contain both spatial configuration and modulation and coding scheme (MCS)

information in an efficient manner.

Additional benefits and advantages of the disclosed embodiments will become apparent

from the specification and drawings. The benefits and/or advantages may be individually
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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 THE DRAWINGS

By way of example only, embodiments of the disclosure will be described more fully

hereinafter with reference to the accompanying figures, wherein:
Figure 1 illustrates an example wireless transmitting apparatus in the form of an access
point;
Figure 2 illustrates an example wireless receiving apparatus in the form of a terminal;
Figure 3 illustrates an example Physical Layer Protocol Data Unit (PPDU) format;
Figure 4 illustrates subfields of an example EHT-SIG-B field of figure 3;

Figure 5 illustrates an example non-structural encoding for the Spatial
Configuration/MCS subfield of a User field associated with a Multi-user Multiple Input
Multiple Output (MU-MIMO) allocation;

Figure 6 is a table showing the size of a combined spatial configuration and MCS look-

up table for the example signaling subfield encoding of figure 5;

Figure 7 is a table showing the size of a spatial configuration look-up table for the

example signaling subfield encoding of figure 17;

Figure 8 illustrates an example structural encoding for the Spatial Configuration/MCS
subfield of a User field associated with an MU-MIMO allocation where two bits indicate the

configuration of the subfield;

Figure 9 illustrates another example structural encoding for the Spatial
Configuration/MCS subfield of a User field associated with an MU-MIMO allocation where

four bits indicate the configuration of the subfield;

Figure 10 is a table showing the size of a spatial configuration look-up table for the

example signaling subfield encodings of figure 8 or figure 9;

Figure 11 illustrates an example wireless transmitting apparatus, such as the one

illustrated in figure 1 but in greater detail, implementing an encoding system;

Figure 12 illustrates an example wireless receiving apparatus, such as the one illustrated

in figure 2 but in greater detail, implementing a decoding system;
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Figure 13 illustrates a flow chart for an example processing of User fields at a station

using the example signaling subfield encoding of figure 5;

Figure 14 illustrates a flow chart for another example processing of User fields at a

station using the example signaling subfield encoding of figure 17, 8 or 9;

Figure 15 illustrates steps for deriving an MCS index and a spatial configuration index

according to the example signaling subfield encoding of figure 8;

Figure 16 illustrates steps for deriving an MCS index and a spatial configuration index

according to the example signaling subfield encoding of figure 9;

Figure 17 is another example non-structural encoding for the Spatial

Configuration/MCS subfield of a User field associated with an MU-MIMO allocation;

Figure 18 is a spatial configuration table where the number of users in an MU-MIMO

allocation equals 2 or 3;

Figure 19 is a spatial configuration table where the number of users in an MU-MIMO

allocation equals 4;

Figure 20 is a spatial configuration table where the number of users in an MU-MIMO

allocation equals 5;

Figure 21 is a spatial configuration table where the number of users in an MU-MIMO

allocation equals 6;

Figure 22 is a spatial configuration table where the number of users in an MU-MIMO

allocation equals 7; and

Figure 23 is a spatial configuration table where the number of users in an MU-MIMO

allocation equals 8.

DETAILED DESCRIPTION

The present disclosure can be better understood with the aid of following figures and
embodiments. The embodiments described here are merely exemplary in nature and are used
to describe some of the possible applications and uses of the present disclosure and should
not be taken as limiting the present disclosure with regard to alternative embodiments that are

not explicitly described herein.
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Figure 1 illustrates an example wireless transmitting apparatus in the form of an access
point (AP) 100, in which the present disclosure may be applied. The AP 100 of figure 1 has a
controller 110 and signal generation circuitry in the form of a transmission signal generator
120 that operates under control of the controller 110. A radio transmitter 130 thereby

transmits generated transmission signals via a transmit antenna 140.

Figure 2 illustrates an example wireless receiving apparatus in the form of a terminal
150, in which the present disclosure may be applied. The terminal 150 of figure 2 has a
receive antenna 160 coupled to a radio receiver 170. Signal processing circuitry in the form
of areceive signal processor 180 receives signals from the radio receiver 170 and processes

them under control of a controller 190.

Transmitted and received signals may take any suitable form, but in the present
disclosure the signal typically includes a Physical Layer Protocol Data Unit (PPDU) and the
AP 100 and terminal 150 may therefore be configured to, in operation, transmit and receive a

PPDU, respectively.

Figure 3 illustrates an example PPDU format 200 suited to multiuser transmission such
as Orthogonal Frequency Division Multiple Access (OFDMA) transmission including Mullti-
User Multiple Input Multiple Output (MU-MIMO) transmission in a single Resource Unit
(RU) or full bandwidth MU-MIMO transmission. The PPDU format of figure 3 comprises a
designated Extremely High Throughput Signal B field (EHT-SIG-B) 210. The EHT-SIG-B
field 210 provides OFDMA and MU-MIMO resource allocation information to allow
apparatus, such as terminals or wireless stations (STAs), to obtain resources to be used in the

Data field 220.

Figure 4 illustrates subfields of an example EHT-SIG-B field format, comprising a
Common field 230 followed by a User Specific field 240. The Common field may contain
information regarding RU allocation such as, for example, a RU assignment to be used in the
Data field 220 in the frequency domain, the RUs allocated for MU-MIMO transmissions, and
the number of users (Nyser) per MU-MIMO allocation. It should be appreciated that the
Common field 230 may not be present in the case of full-bandwidth MU-MIMO
transmission, in which case the number of MU-MIMO users is signaled in an Extremely High
Throughput Signal A (EHT-SI1G-A) field 208 (refer figure 3). The User Specific field 240
can consist of one or more User fields, containing per-user allocation information, for non-

MU-MIMO allocation(s) and/or MU-MIMO allocation(s). For example, User field O is
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associated with a non-MU-MIMO allocation 242 while User fields 1, 2 and 3 are associated
with an MU-MIMO allocation 244 having Nyse = 3.

For the purpose of example for the present disclosure, an MU-MIMO transmission with
up to 16 spatial streams, up to 8 users, and up to 4 spatial streams per user will be discussed.
Previously considered systems with the same characteristics but only allowing for up to 8
spatial streams had a 21 bit User field 244 for an MU-MIMO allocation having an 11 bit
Station Identifier (STA-ID) subfield, a 4 bit Spatial Configuration subfield indicating the
Number of Space-Time Streams (NSTS) and a Starting Stream Index (SSI), a 4 bit
Modulation and Coding Scheme (MCS) subfield indicating a modulation and coding scheme
(setto ‘n’ for MCSn, wheren=0, 1, 2, ..., 11; with values 12 to 15 being reserved), a 1 bit
Coding subfield indicating whether Binary Convolutional Coding (BCC) or Low Density
Parity Check (LDPC) coding is used, and a 1 bit Reserved subfield.

While increasing the spatial configuration subfield from 4 bits to 6 bits to allow for up
to 16 spatial streams could be a solution, since the number of spatial configurations is up to
38 for a given Ny, in an MU-MIMO allocation as illustrated in Figures 18 to 23, this
significantly increases EHT-SIG-B field overhead considering low MCS is typically used for
EHT-SIG-B transmission and a large number of users is supported in the PPDU. The present
disclosure therefore contemplates constructing a User field having a 9 bit combined signaling
subfield called Spatial Configuration/MCS subfield with the requisite spatial configuration
and MCS information jointly encoded. Various schemes are discussed herein that would
allow for, in the present example, up to 16 spatial streams without compromising other
subfields or increasing the number of bits of the User field. Notice that the 9 bit Spatial
Configuration/MCS subfield has the same size of the 4 bit Spatial Configuration subfield, the

4 bit MCS subfield and the 1 bit Reserved subfield in the previously considered systems.

Figure 5 illustrates an example non-structural encoding 250 for the 9 bit Spatial
Configuration/MCS subfield of a User field associated with an MU-MIMO allocation. For
the MU-MIMO allocation in the described example there are 2 to 8 users (Nyser = 2-8). In
conjunction with a determined number of users 252 in the MU-MIMO allocation, the Spatial
Configuration/MCS subfield indicates a combination of MCS index 256 and spatial
configuration 258, whereby the spatial configuration 258 defines that the NSTS for each user
associated with the MU-MIMO allocation.
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For example, in case of Nyg: = 2, the subfield value is set to O to indicate the MCS
index for the intended recipient of the User field is 0, the NSTS for the first user associated
with the MU-MIMO allocation is 1, and the NSTS for the second user associated with the
MU-MIMO allocation is 1; the subfield value is set to 1 to indicate the MCS index for the
intended recipient of the User field is 1, the NSTS for the first user associated with the MU-
MIMO allocation is 1, and the NSTS for the second user associated with the MU-MIMO
allocation is 1, and so on. Based on Ny, in the MU-MIMO allocation and the User field
position in the User Specific field, the intended recipient of the User field is able to derive the
NSTS and SSI based on the subfield value. For example, in case of Nysr = 2 in the MU-
MIMO allocation and the intended recipient of the User field is the second user associated
with the MU-MIMO allocation, if the subfield value is 2, then the MCS index, NSTS and SSI

for the intended recipient of the User field is 2, 1, and 1, respectively.

For decoding the Spatial Configuration/MCS subfield with the encoding of figure 5,
STAs can search one or more look-up tables to ascertain the requisite spatial configuration
and MCS information. For example, a combined Spatial Configuration/MCS look-up table
may be used to retrieve an MCS index and NSTS and to derive a SSI according to a value of
the Spatial Configuration/MCS subfield. The table of figure 6 illustrates the size of a
combined Spatial Configuration/MCS look-up table for decoding the Spatial
Configuration/MCS subfield with the encoding of figure 5 having a total memory
requirement of 37,896 bits.

Figure 17 illustrates another example non-structural encoding for the 9 bit Spatial
Configuration/MCS subfield of a User field associated with an MU-MIMO allocation. The 9
bit Spatial Configuration/MCS subfield indicates a combination of spatial configuration index
and MCS index. Then, for a given number of users in the MU-MIMO allocation, the spatial

configuration index indicates a spatial configuration, as illustrated in Figures 18-23.

For decoding the Spatial Configuration/MCS subfield with the encoding of figure 17,
STAs can search an index look-up table to retrieve an MCS index and a spatial configuration
index according to a value of the Spatial Configuration/MCS subfield. The size of this index
look-up table would be 4,560 bits (38*12 entries in index look-up table with 10 bits per entry
(4 for MCS index and 6 for spatial configuration index)). The STA can then search a
separate spatial configuration look-up table to retrieve NSTS and derive a SST according to
the spatial configuration index. The table of figure 7 illustrates the size of the spatial

configuration look-up table, totaling 2,318 bits. The total memory requirement for decoding
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the Spatial Configuration/MCS subfield with the encoding of figure 17 is therefore 6,878
(4,560 + 2,318) which is significantly less than the memory requirement for decoding the

Spatial Configuration/MCS subfield with the encoding of figure 5.

A structural encoding can also be utilized. For example, a predetermined portion of the
Spatial Configuration/MCS subfield can indicate a configuration of the signaling subfield.
The location of the MCS index and the bit length of the spatial configuration index can vary
according to the subfield configuration. Figure 8 illustrates an example structural encoding
for the 9 bit Spatial Configuration/MCS subfield of a User field associated with an MU-
MIMO allocation where two bits indicate the configuration of the subfield. With such a
structural encoding for the 9 bit Spatial Configuration/MCS subfield of a User field
associated with an MU-MIMO allocation the two Most Significant Bits (MSBs) of the 9 bit
Spatial Configuration/MCS subfield (i.e. B§B7) indicate either a first subfield configuration

262 or a second subfield configuration 264.

The two MSBs (i.e. B§B7) are set to 00, 01, or 10 to indicate the first subfield
configuration 262. In the first subfield configuration 262, the four MSBs (i.e. BEB7B6B5)
indicate an MCS index (partially designated with the letter x) and the five Least Significant
Bits (LSBs) (i.e. B4AB3B2B1B0) indicate a spatial configuration index (designated with the
letter y). The two MSBs (i.e. B§B7) are set to 11 to indicate the second subfield
configuration 264, which should not be applied to the User field associated with an MU-
MIMO allocation having only 2 or 3 users. In the second subfield configuration 264, the four
bits following the two MSBs (i.e. B6BSB4B3) indicate an MCS index (designated with the
letter x) and the remaining three LSBs indicate a spatial configuration index (designated with
the letter y) adjusted by a predetermined offset. For example, in the second subfield
configuration 264, the three LSBs indicate a spatial configuration index minus an offset of
32. In this example, the first subfield configuration 262 is used if a spatial configuration
index is within the range O to 31, the second subfield configuration 264 is used if a spatial
configuration index is within the range 32 to 39, and there are two reserved spatial

configuration indexes.

Figure 9 illustrates another example structural encoding for the 9 bit Spatial
Configuration/MCS subfield of a User field associated with an MU-MIMO allocation where
four bits indicate the configuration of the subfield. With such a structural encoding for the 9
bit Spatial Configuration/MCS subfield of a User field associated with an MU-MIMO
allocation the four MSBs of the 9 bit Spatial Configuration/MCS subfield (i.e. BSB7B6B5)
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indicate one of a first subfield configuration 272, a second subfield configuration 274, or a
third subfield configuration 276. The two MSBs (i.e. B§B7) are set to 00, 01, or 10 to
indicate the first subfield configuration 272. In the first subfield configuration 272, the four
MSBs (i.e. BSB7B6B5) indicate an MCS index (partially designated with the letter x) and the
five LSBs (i.e. B4B3B2B1B0) indicate a spatial configuration index (designated with the
letter y). The two MSBs (i.e. B§B7) are set to 11 and the following two bits (i.e. B6B5) are
set to 00, 01, or 10 to indicate the second subfield configuration 274. In the second subfield
configuration 274, the four bits following the two MSBs (i.e. B6BSB4B3) indicate an MCS
index (again partially designated with the letter x) and the remaining three LSBs (i.e.
B2B1BO0) indicate a spatial configuration index (again designated with the letter y) adjusted
by a predetermined offset (e.g. minus 32). The four MSBs (i.e. BEB7B6B5) are set to 1111
to indicate the third subfield configuration 276. In the third subfield configuration 276, the
four bits following the four MSBs (i.e. BAB3B2B1) indicate an MCS index (designated with
the letter x) and the remaining LSB (i.e. BO) indicates a spatial configuration index adjusted
by a different predetermined offset (e.g. minus 40). In this example, the first subfield
configuration 272 is used if a spatial configuration index is within the range O to 31, the
second subfield configuration 274 is used if a spatial configuration index is within the range
32 to 39, the third subfield configuration 276 is used if a spatial configuration index is 40 or

41, and there are four reserved spatial configuration indexes.

For decoding of the Spatial Configuration/MCS subfield with the encoding of figures 8
or 9, STAs first derive an MCS index and a spatial configuration index directly from a value
of the Spatial Configuration/MCS subfield. STAs may then search a spatial configuration
look-up table to retrieve NSTS and derive a SSI according to the spatial configuration index.
The table of figure 10 illustrates the size of the spatial configuration look-up table, totaling
2,318 bits. The total memory requirement for decoding the Spatial Configuration/MCS

subfield with the encoding of figure 8 or 9 is therefore the least of the described options.

It should be appreciated that the four examples are non-exhaustive, and that other
structural or non-structural encoding may be implemented with differing complexity and

memory and/or processing requirements.

Figure 11 illustrates an example wireless transmitting apparatus in the form of an AP
1100, such as the one illustrated in figure 1 but in greater detail, implementing an example
encoding system. The AP 1100 of figure 11 has a controller 1110, a transmission signal

generator 1120, a radio transmitter 1130, and a transmit antenna 1140. The controller 1110

10
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has a scheduler 1112 that determines RU allocation and per-user allocation information, for
example the NSTS, SSI, and MCS index for each user associated with an MU-MIMO

allocation.

The transmission signal generator 1120 generates a signal, such as a PPDU, under the
control of the controller 1110. A signaling subfield encoder, in the form of an MCS/Spatial
configuration encoder 1122, generates the Spatial Configuration/MCS subfields for all users
associated with MU-MIMO allocations according to their respective NSTS, SSI, and MCS
index. A control signal generator, in the form of a control information generator 1124, then
generates a control portion of a PPDU, such as an EHT-SIG-B field, including User fields.
This is passed to an encoder and modulator 1126 which encodes and modulates the generated
control portion of the PPDU and passes it to a PPDU generator 1128 which generates the
PPDU which, in operation is transmitted by the radio transmitter 1130.

Figure 12 illustrates an example wireless receiving apparatus in the form of a terminal
1150, such as the one illustrated in figure 2 but in greater detail, implementing an example
decoding system. The terminal 1150 of figure 12 has a receive antenna 1160, a radio receiver
1170, areceive signal processor 1180, and a controller 1190. In operation, the radio receiver
1170 receives a signal from the receive antenna 1160 such as a PPDU. This is passed to a
control signal processor, in the form of a control demodulator and decoder 1182, which
demodulates and decodes a control portion of the received PPDU, such as the EHT-SIG-B
field including a plurality of User fields, of the received PPDU.

The control portion of the received PPDU is communicated to a parser, in the form of a
control information parser 1192, of the controller 1190. The control information parser 1192
analyses the control portion of the received PPDU (e.g. the EHT-SIG-B field including the
plurality of User fields) and determines whether the terminal 1150 is an intended recipient of
the PPDU and whether it is associated with a non-MU-MIMO allocation or a MU-MIMO
allocation, and obtains user-specific allocation information. For example, if it is determined
that the terminal 1150 is associated with an MU-MIMO allocation, a signaling subfield
decoder, in the form of an MCS/Spatial Configuration decoder 1194, decodes the Spatial
Configuration/MCS subfield of the corresponding User field to obtain spatial configuration
and MCS information such as, for example, its NSTS, SSI, and MCS index. Depending on
the encoding system chosen, this may be performed with the assistance of one of more look-

up tables 1196 such as described in the previous examples. A data demodulator and decoder

11
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1184 of the receive signal processor 1180 then demodulates and decodes transmitted data

according to the user specific allocation information determined by the controller 1190.

Figure 13 illustrates a flow chart for an example method for processing User fields in a
received PPDU at a STA using, for example, the example encoding for the Spatial
Configuration/MCS subfield of figure 5 hereinbefore described. The method starts with a
received PPDU at step 500 and then initializes a User field counter to 0 at step 510. At step
512 a determination is made as to whether a STA ID of the STA matches the value of a STA-
ID subfield. If not, the User field counter is increased at step 514 and a determination is
made as to whether the User field counter is now equal to the total number of User fields in
the User Specific field, or not, at step 516. If no, then this process (i.e. steps 512, 514, and
516) are carried out iteratively until either the STA ID matches the value of the STA-ID
subfield at step 512 or the User field counter equals the total number of User fields in the
User Specific field at step 516. If the latter determination is made at step 516 the method

completes at step 550.

Assuming that the STA ID at some point matches the value of the STA-ID subfield at
step 512, the method continues to a determination of whether the User field is associated with
a MU-MIMO allocation at step 518. If not, i.e. if the User field is associated with a non-MU-
MIMO allocation, relevant signaling information such as, for example, the NSTS, MCS
index, DCM (Dual Carrier Modulation) usage, Tx BF (Transmit Beamforming) usage, and
coding scheme information can be obtained and the method completes at step 550. If, on the
other hand, the User field is associated with a MU-MIMO allocation then the method

progresses to determine a User field position in the User Specific field at step 522.

An MCS index and spatial configuration information, such as an NSTS and SSI,
according to the value of the Spatial Configuration/MCS subfield is then derived, as well as
the number of the users and the User field position in the User Specific field, at step 524. For
example, for a given number of users (Nyg) in the MU-MIMO allocation, the STA may
utilize a spatial configuration/MCS look-up table to obtain the MCS index and NSTS
allocated to it by using the row corresponding to the value of the Spatial Configuration/MCS
subfield and the column corresponding to the User field position in the User Specific field.
The SSI allocated to the STA may then be determined by summing the NSTS in the columns
prior to the column indicated by the STA’s User field position in the User Specific field.
Finally, at step 526 the coding scheme is obtained and the method completes at step 550.

12
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Figure 14 illustrates a flow chart for an example method for processing User fields in a
received PPDU at a STA using, for example, the example encoding for the Spatial
Configuration/MCS subfield of figure 17, 8 or 9 hereinbefore described. The method of
figure 14 starts similarly to the method described with reference to figure 13, with a received
PPDU at step 600 and then initializing a User field counter to O at step 610. At step 612 a
determination is made as to whether a STA ID of the STA matches the value of a STA-ID
subfield. If not, the User field counter is increased at step 614 and a determination is made as
to whether the User field counter is now equal to the total number of User fields in the User
Specific field, or not, at step 616. If no, then this process (i.e. steps 612, 614, and 616) are
carried out iteratively until either the STA ID matches the value of the STA-ID subfield at
step 612 or the User field counter equals the total number of user fields in the User Specific
field at step 616. If the latter determination is made at step 616 the method completes at step
650.

Assuming that the STA ID at some point matches the value of the STA-ID subfield at
step 612, the method continues to a determination of whether the User field is associated with
an MU-MIMO allocation at step 618. If not, i.e. if the User field is associated with a non-
MU-MIMO allocation, relevant signaling information such as, for example, the NSTS, MCS
index, DCM usage, Tx BF usage, and coding scheme information can be obtained and the
method completes at step 650. If, on the other hand, the User field is associated with an MU-
MIMO allocation then the method progresses to determine a User field position in the User

Specific field at step 622.

Spatial configuration and MCS information are determined, for example, by first, at
step 624, deriving an MCS index and spatial configuration index according to the value of the
Spatial Configuration/MCS subfield. Figures 15 and 16 illustrate example methods
according to the structural encoding for the Spatial Configuration/MCS subfield of figure 8 or

9 hereinbefore described in further detail.

Figure 15 illustrates steps for deriving an MCS index and spatial configuration
according to the example structural encoding of figure 8 which utilizes two subfield
configurations. The method starts by considering the values of a predetermined portion of
the signaling subfield, in this case the two MSBs (i.e. B8B7). At step 700 a determination of
the values of the two MSBs is made. The location of the MCS index and the bit length of the
spatial configuration index are varied depending on the values of this predetermined portion

of the signaling subfield. If the two MSBs (i.e. BEB7) are set to 00, 01, or 10 then an MCS

13
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index is indicated by the four MSBs (i.e. BSB7B6BS5) at step 702 and a spatial configuration
index is indicated by the remaining five bits (i.e. BAB3B2B1B0) at step 704. If the two
MSBs (i.e. BEB7) are set to 11 then an MCS index is indicated by the following four bits (i.e.
B6B5B4B3) at step 706 and a spatial configuration index is indicated by the remaining three
bits (i.e. B2B1B0) at step 708.

Figure 16 illustrates steps for deriving an MCS index and spatial configuration
according to the example structural encoding of figure 9 which utilizes three subfield
configurations. The method also starts by considering the values of a predetermined portion
of the signaling subfield, in this case the four MSBs (i.e. BEB7B6B5). At step 750 a
determination of the values of the four MSBs is made. The location of the MCS index and
the bit length of the spatial configuration index are varied depending on the values of this
predetermined portion of the signaling subfield. If the four MSBs (i.e. BSB7B6BS) are set to
anything other than 1111, then a further determination is made, at step 752, as to the value of
the two MSBs (i.e. BEB7). If the two MSBs (i.e. B§B7) are 00, 01, or 10 then an MCS index
is indicated by the four MSBs (i.e. BSB7B6B5) at step 754 and a spatial configuration index
is indicated by the remaining five bits (i.e. B4AB3B2B1B0) at step 756. If the two MSBs (i.e.
B8B7) are set to 11 then an MCS index is indicated by the following four bits (i.e.
B6B5B4B3) at step 758 and a spatial configuration index is indicated by the remaining three
bits (i.e. B2B1BO0) at step 760. If the four MSBs (i.e. BSB7B6BS5) are set to 1111 then an
MCS index is indicated by the following four bits (i.e. B4AB3B2B1) at step 762 and a spatial

configuration index is indicated by the final remaining bit (i.e. BO).

Turning back to figure 14, once the MCS index and spatial configuration index have
been derived at step 624, spatial configuration information, such as an NSTS and SSI, may be
determined at step 626. For example, for a given user number (Nyser), an STA may utilize a
spatial configuration look-up table to derive the NSTS allocated to it using the row
corresponding to the spatial configuration index and the column corresponding to the User
field position in the User Specific field. The SSI for the STA may then be determined by
summing the NSTS in the columns prior to the column indicated by the STA’s User field
position. Finally, at step 628 the coding scheme is obtained and the method completes at step

650.

Apparatus of the present disclosure may comprise many other components that are not
illustrated for the sake of clarity. Only those components that are most pertinent to the

present disclosure are illustrated.
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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 (IC), and each process described in 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. 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 be used. The present disclosure can be realized as digital processing
or analogue processing. 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.

In addition, the present disclosure can be realized by any kind of apparatus, device or
system having a function of communication, which is referred to as a communication
apparatus. 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.

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)”.

The communication may include exchanging data through, for example, a cellular

system, a wireless LAN system, a satellite system, etc., and various combinations thereof.
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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.

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 with or

controls apparatuses such as those in the above non-limiting examples.
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CLAIMS

1. A communication apparatus comprising:

circuitry which, in operation, determines the resource allocation information and
generates a Physical Layer Protocol Data Unit (PPDU) therefrom; and

a transmitter which, in operation, transmits the PPDU;

wherein the generated PPDU includes a plurality of signaling fields that are associated
with a Multi-User Multiple Input Multiple Output (MU-MIMO) allocation, each comprising a
signaling subfield, based on the determined resource allocation information, containing

spatial configuration and modulation and coding scheme (MCS) information.

2. A communication apparatus comprising:

a receiver which, in operation, receives a Physical Layer Protocol Data Unit (PPDU);
and

circuitry which, in operation, obtains a plurality of signaling fields that contains per-
user allocation information, determines one of the plurality of signaling fields specific to the
communication apparatus, and determines spatial configuration and modulation and coding
scheme (MCS) information from a signaling subfield of the determined one of the plurality of
signaling fields if the determined one of the plurality of signaling fields is associated with a
Multi-User Multiple Input Multiple Output (MU-MIMO) allocation;

wherein the circuitry demodulates and decodes data contained in the PPDU according

to the spatial configuration and MCS information received from the controller.
3. The communication apparatus of claim 1 or claim 2, wherein the spatial configuration
information contains a Number of Space-Time Streams (NSTS) and a Starting Stream Index

(SSD.

4. The communication apparatus of claim 1 or claim 2, further comprising memory

storing at least a spatial configuration look up table.

5. The communication apparatus of claim 1 or claim 2, wherein the signaling subfield

indicates an MCS index and a spatial configuration index.
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6. The communication apparatus of claim 5, wherein the spatial configuration index

corresponds to entries in the spatial configuration look up table.

7. The communication apparatus of claim 5, wherein a bit length of the spatial
configuration index is variable and two or more bits of the signaling subfield are used to

indicate the bit length of the spatial configuration index.

8. The communication apparatus of claim 5, wherein a location of the MCS index in the
signaling subfield is variable and two or more bits of the signaling subfield are used to

indicate the location of the MCS index in the signaling subfield.

9. The communication apparatus of claim 7 or claim 8, wherein the two or more bits that
are used to indicate a bit length of the spatial configuration index are the same two or more

bits that are used to indicate the location of the MCS index.

10. The communication apparatus of claim 5, wherein the MCS index and spatial
configuration index are directly derivable from the signaling subfield and the spatial
configuration information is derivable using the spatial configuration index in conjunction

with the spatial configuration look up table.

11. The communication apparatus of claim 5, wherein there are two to four reserved

spatial configuration indexes.

12. The communication apparatus of claim 1 or claim 2, wherein resource allocation
information is used to enable one or more of Orthogonal Frequency Division Multiple Access

(OFDMA) and MU-MIMO transmission in a data field of the PPDU .
13. The communication apparatus of claim 1 or claim 2, wherein a configuration of the
signaling subfield is determined according to a value of a predetermined portion of the

signaling subfield.

14. The communication apparatus of claim 13, wherein the configuration of the signaling

subfield indicates a bit position of the MCS index in the signaling subfield.
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15. The communication apparatus of claim 13, wherein the configuration of the signaling
subfield indicates whether a first encoding method or a second encoding method for the
spatial configuration index is used in the signaling subfield, the first encoding method
directly indicating the spatial configuration index and the second encoding method indicating

the spatial configuration index minus a predetermined offset.

16. The communication apparatus of claim 1 or claim 2, wherein the signaling subfield
contains spatial configuration and Modulation and Coding Scheme (MCS) information for up
to eight users, up to sixteen spatial streams and up to four spatial streams per user in an MU-

MIMO allocation.

17. A communication method for transmitting data, the communication method
comprising:

determining resource allocation information; and

generating a Physical Layer Protocol Data Unit (PPDU) that includes a plurality of
signaling fields that are associated with a Multi-User Multiple Input Multiple Output (MU-
MIMO) allocation, each comprising a signaling subfield, based on the determined resource
allocation information, containing spatial configuration and Modulation and Coding Scheme
(MCS) information; and

transmitting the PPDU.

18. A communication method for receiving data, the communication method comprising:
receiving a Physical Layer Protocol Data Unit (PPDU);
obtaining a plurality of signaling fields that contains per-user allocation information;
determining one of the plurality of signaling fields specific to the communication
apparatus and spatial configuration and modulation and coding scheme (MCS) information
from a signaling subfield of the determined one of the plurality of signaling fields if the
determined one of the plurality of signaling fields is associated with a Multi-user Multiple
Input Multiple Output (MU-MIMO) allocation; and
demodulating and decoding data contained in the PPDU according to the spatial

configuration and MCS information.
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19 4 4 4 1 1 1 i i6
20-22 2-4 2 2 2 1 1 i 11-13
23-24 34 3 3 2 1 1 H 14-15
25-25 3-4 3 3 3 i i 1 15-16
27-2% 2-4 2 2 2 2 1 i 12-14
30 3 3 3 3 2 1 H 16
31-33 2-4 2 2 2 2 2 1 13-15
34-36 2-4 2 2 2 2 2 2 14-16
FIGURE 22
Spatial
Noser Canlilg(‘llgg tien Niral1] | Nopsl2] | Norsl3T | Nops{4] | Nops[S] | Narsl6] | Nopsl7] | NaxsS] | Total Ngg
0-3 1-4 1 1 i i 1 1 1 8-11
4-6 2-4 2 1 i 1 1 1 1 10-12
7-8 3-4 3 i i 1 1 1 1 12-13
B 4 4 H H 1 1 1 1 14
i0-12 2-4 2 2 H 1 1 1 1 11-13
i3-14 3-4 3 2 H 1 1 1 1 13-14
i5 4 4 2 i i 1 1 1 15
3 16-17 3-4 3 3 i i 1 1 1 14-15
iR 4 4 3 i i 1 i 1 16
19-21 2-4 2 2 2 i 1 1 1 12-14
22.23 3-4 3 3 2 1 1 1 1 15-16
24 3 3 3 3 i 1 1 1 i6
25-27 2-4 2 2 2 2 1 1 1 13-15
28-30 2-4 2 2 2 2 2 1 1 i4-16
31-32 2-3 2 2 2 2 2 2 1 15-16
i3 2 2 2 2 2 2 2 2 16

FIGURE 23
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