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Our Ref. No.: WILP-180004-US

[DESCRIPTION]
[Invention Title]

WIRELESS COMMUNICATION METHOD AND  WIRELESS
COMMUNICATION TERMINAL FOR SIGNALING MULTI-USER PACKET
[Technical Field]

The present invention relates to a wireless communication method and a
wireless communication terminal for signaling a multi-user packet.

[Background Art]

In recent years, with supply expansion of mobile apparatuses, a wireless LAN
technology that can provide a rapid wireless Internet service to the mobile apparatuses
has been significantly spotlighted. The wireless LAN technology allows mobile
apparatuses including a smart phone, a smart pad, a laptop computer, a portable
multimedia player, an embedded apparatus, and the like to wirelessly access the Internet
in home or a company or a specific service providing area based on a wireless
communication technology in a short range.

Institute of Flectrical and Electronics Engineers (IEEE) 802.11 has
commercialized or developed various technological standards since an initial wireless
LAN technology is supported using frequencies of 2.4 GHz. First, the IEEE 802.11b
supports a communication speed of a maximum of 11 Mbps while using frequencies of
a 2.4 GHz band. IEEE 802.11a which is commercialized after the IEEE 802.11b uses
frequencies of not the 2.4 GHz band but a 5 GHz band to reduce an influence by
interference as compared with the frequencies of the 2.4 GHz band which are
significantly congested and improves the communication speed up to a maximum of 54
Mbps by using an OFDM technology. However, the IEEE 802.11a has a disadvantage

in that a communication distance is shorter than the IEEE 802.11b. In addition, IEEE

o1 -
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802.11g uses the frequencies of the 2.4 GHz band similarly to the IEEE 802.11b to
implement the communication speed of a maximum of 54 Mbps and satisfies backward
compatibility to significantly come into the spotlight and further, is superior to the IEEE
802.11a in terms of the communication distance.

Moreover, as a technology standard established to overcome a limitation of
the communication speed which is pointed out as a weak point in a wireless LAN, [EEE
802.11n has been provided. The IEEE 802.11n aims at increasing the speed and
reliability of a network and extending an operating distance of a wireless network. In
more detail, the IEEE 802.11n supports a high throughput (HT) in which a data
processing speed is a maximum of 540 Mbps or more and further, is based on a multiple
inputs and multiple outputs (MIMO) technology in which multiple antennas are used at
both sides of a transmitting unit and a receiving unit in order to minimize a transmission
error and optimize a data speed. Further, the standard can use a coding scheme that
transmits multiple copies which overlap with each other in order to increase data
reliability.

As the supply of the wireless LAN is activated and further, applications using
the wireless LAN are diversified, the need for new wireless LAN systems for supporting
a higher throughput (very high throughput (VHT)) than the data processing speed
supported by the IEEE 802.11n has come into the spotlight. Among them, IEEE
802.11ac supports a wide bandwidth (80 to 160 MHz) in the 5 GHz frequencies. The
IEEE 802.11ac standard is defined only in the 5 GHz band, but initial 11ac chipsets will
support even operations in the 2.4 GHz band for the backward compatibility with the
existing 2.4 GHz band products. Theoretically, according to the standard, wireless LAN
speeds of multiple stations are enabled up to a minimum of 1 Gbps and a maximum

single link speed is enabled up to a minimum of 500 Mbps. This is achieved by

.
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extending concepts of a wireless interface accepted by 802.11n, such as a wider wireless
frequency bandwidth (a maximum of 160 MHz), more MIMO spatial streams (a
maximum of 8), multi-user MIMO, and high-density modulation (a maximum of 256
QAM). Further, as a scheme that transmits data by using a 60 GHz band instead of the
existing 2.4 GHz/5 GHz, IEEE 802.11ad has been provided. The IEEE 802.11ad is a
transmission standard that provides a speed of a maximum of 7 Gbps by using a
beamforming technology and is suitable for high bit rate moving picture streaming such
as massive data or non-compression HD video. However, since it is difficult for the 60
GHz frequency band to pass through an obstacle, it is disadvantageous in that the 60
GHz frequency band can be used only among devices in a short-distance space.

Meanwhile, in recent years, as next-generation wireless LAN standards after
the 802.11ac and 802.11ad, discussion for providing a high-efficiency and high-
performance wireless LAN communication technology in a high-density environment is
continuously performed. That is, in a next-generation wireless LAN environment,
communication having high frequency efficiency needs to be provided indoors/outdoors
under the presence of high-density stations and access points (APs) and various
technologies for implementing the communication are required.

[Disclosure]
[Technical Problem]

The present invention has an object to provide high-efficiency/high-
performance wireless LAN communication in a high-density environment as described
above.

[Technical Solution]
In order to achieve the objects, the present invention provides a wireless

communication method and a wireless communication terminal as below.
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First, an exemplary embodiment of the present invention provides a wireless
communication terminal, the terminal including a communication unit; and a processor
configured to process signals transmitted and received through the communication unit,
wherein the processor receives, through the communication unit, a high efficiency
multi-user PHY protocol data unit (HE MU PPDU), wherein a preamble of the HE MU
PPDU includes high efficiency signal A field (HE-SIG-A) and high efficiency signal B
field (HE-SIG-B), and decodes the received HE MU PPDU based on information
obtained from the HE-SIG-A, wherein a configuration of the HE-SIG-B is identified
based on information obtained from at least one subfield of the HE-SIG-A.

In addition, an exemplary embodiment of the present invention provides a
wireless communication method of a wireless communication terminal, the method
including: receiving a high efficiency multi-user PHY protocol data unit (HE MU
PPDU), wherein a preamble of the HE MU PPDU includes high efficiency signal A
field (HE-SIG-A) and high efficiency signal B field (HE-SIG-B); and decoding the
received HE MU PPDU based on information obtained from the HE-SIG-A, wherein a
configuration of the HE-SIG-B is identified based on information obtained from at least
one subfield of the HE-SIG-A.

When a SIG-B compression field of the HE-SIG-A indicates full bandwidth
MU-MIMO transmission so that a common field is not present in the HE-SIG-B, a
configuration of a user specific field of the HE-SIG-B may be identified based on
information obtained from at least one subfield of the HE-SIG-A.

When the SIG-B compression field of the HE-SIG-A indicates full bandwidth
MU-MIMO transmission, the configuration of the user specific field of the HE-SIG-B
may be identified based on information on the number of MU-MIMO users indicated by

the HE-SIG-A.
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A type of a user field constituting the user specific field of the HE-SIG-B may
include a user field for MU-MIMO allocation and a user field for non-MU-MIMO
allocation. The user specific field of the HE-SIG-B may include user fields for MU-
MIMO allocation when the information on the number of MU-MIMO users indicates
two or more users. The user specific field of the HE-SIG-B may include one user field
for non-MU-MIMO allocation when the information on the number of MU-MIMO
users indicates a single user.

The user field for MU-MIMO allocation may include a spatial configuration
field indicating the total number of spatial streams in an MU-MIMO allocation and the
number of spatial streams for each terminal in the MU-MIMO allocation, and the user
field for non-MU-MIMO allocation may include a number of space time streams (NSTS)
field.

The user field for non-MU-MIMO allocation may be a user field based on
orthogonal frequency division multiple access (OFDMA) allocation.

When the SIG-B compression field of the HE-SIG-A indicates full bandwidth
MU-MIMO transmission, the information on the number of MU-MIMO users may be
indicated by a number of HE-SIG-B symbols field in the HE-SIG-A.

The HE-SIG-A may include a UL/DL field indicating whether the PPDU is
transmitted on an uplink or transmitted on a downlink. At least one subfield of the HE-
SIG-A of the PPDU may indicate different information or may be set differently based
on a value indicated by the UL/DL field.

A specific value of a bandwidth field of the HE-SIG-A may indicate a
predetermined non-contiguous band when the UL/DL field indicates a downlink
transmission. The specific value of the bandwidth field of the HE-SIG-A may indicate a

predetermined narrow band when the UL/DL field indicates an uplink transmission.

-5
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The predetermined narrow band may include at least one of a left-106-tone
and a right-106-tone.

A SIG-B compression field of the HE-SIG-A may indicate whether to
perform a full bandwidth MU-MIMO transmission in which a common field is not
present in an HE-SIG-B field when the UL/DL field indicates a downlink transmission.
The SIG-B compression field of the HE-SIG-A may always indicate that the common
field is not present in the HE-SIG-B field when the UL/DL field indicates an uplink
transmission.

When a SIG-B compression field of the HE-SIG-A indicates a compression
mode of an HE-SIG-B field, a number of HE-SIG-B symbols field in the HE-SIG-A
may indicate information on the number of MU-MIMO users if the UL/DL field
indicates a downlink transmission, and the number of HE-SIG-B symbols field in the
HE-SIG-A may indicate information on the number of OFDM symbols in the HE-SIG-
B field.

[Advantageous Effects]

According to an embodiment of the present invention, a header field of a
physical layer of a wireless LAN packet supporting simultaneous multi-user
transmission in an indoor/outdoor environment can be efficiently configured.

According to an embodiment of the present invention, it is possible to
increase the total resource utilization rate in the contention-based channel access system
and improve the performance of the wireless LAN system.

[Description of Drawings]

FIG. 1 illustrates a wireless LAN system according to an embodiment of the

present invention.

FIG. 2 illustrates a wireless LAN system according to another embodiment of

-6 -
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the present invention.

FIG. 3 illustrates a configuration of a station according to an embodiment of
the present invention.

FIG. 4 illustrates a configuration of an access point according to an
embodiment of the present invention.

FIG. 5 schematically illustrates a process in which a STA and an AP set a link.

FIG. 6 illustrates a carrier sense multiple access (CSMA)/collision avoidance
(CA) method used in wireless LAN communication.

FIG. 7 illustrates a method for performing a distributed coordination function
(DCF) using a request to send (RTS) frame and a clear to send (CTS) frame.

FIGS. 8 and 9 illustrate multi-user transmission methods according to an
embodiment of the present invention.

FIG. 10 illustrates an embodiment of a legacy PPDU format and a non-legacy
PPDU format.

FIG. 11 illustrates various HE PPDU formats and an indication method
thereof according to an embodiment of the present invention.

FIG. 12 illustrates an embodiment of a configuration of an HE-SIG-A field
according to the HE PPDU format.

FIG. 13 illustrates a configuration of an HE-SIG-B field according to an
embodiment of the present invention.

FIGS. 14 to 15 illustrate specific embodiments in which a single STA
transmits an UL MU PPDU to an AP.

FIG. 16 illustrates an encoding structure and a transmission method of the
HE-SIG-B according to an embodiment of the present invention.

FIG. 17 illustrates a non-contiguous channel allocation method according to
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an embodiment of the present invention.

FIG. 18 illustrates a wideband access method according an embodiment of the
present invention.

FIG. 19 illustrates an embodiment of a method of exchanging and signaling
BQRP and BQR for transmitting a non-contiguous PPDU.

FIG. 20 illustrates another embodiment of a method of transmitting and
signaling BQR for transmitting a non-contiguous PPDU.

FIG. 21 illustrates a configuration of a BQR according to an embodiment of
the present invention.

[Detailed Description of the Invention]

Terms used in the specification adopt general terms which are currently
widely used by considering functions in the present invention, but the terms may be
changed depending on an intention of those skilled in the art, customs, and emergence
of new technology. Further, in a specific case, there is a term arbitrarily selected by an
applicant and in this case, a meaning thereof will be described in a corresponding
description part of the invention. Accordingly, it should be revealed that a term used in
the specification should be analyzed based on not just a name of the term but a
substantial meaning of the term and contents throughout the specification.

Throughout this specification and the claims that follow, when it is described
that an element is “coupled” to another element, the element may be “directly coupled”
to the other element or “electrically coupled” to the other element through a third
element. Further, unless explicitly described to the contrary, the word “comprise” and
variations such as “comprises” or “comprising”, will be understood to imply the
inclusion of stated elements but not the exclusion of any other elements. Moreover,

limitations such as "or more” or “or less” based on a specific threshold may be
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appropriately substituted with “more than” or “less than”, respectively.

This application claims priority to and the benefit of Korean Patent
Application Nos. 10-2017-0003147 and 10-2017-0008927 filed in the Korean
Intellectual Property Office and the embodiments and mentioned items described in the
respective application, which forms the basis of the priority, shall be included in the
Detailed Description of the present application.

FIG. 1 is a diagram illustrating a wireless LAN system according to an
embodiment of the present invention. The wireless LAN system includes one or more
basic service sets (BSS) and the BSS represents a set of apparatuses which are
successfully synchronized with each other to communicate with each other. In general,
the BSS may be classified into an infrastructure BSS and an independent BSS (IBSS)
and FIG. 1 illustrates the infrastructure BSS between them.

As illustrated in FIG. 1, the infrastructure BSS (BSS1 and BSS2) includes one
or more stations STA1, STA2, STA3, STA4, and STAS, access points PCP/AP-1 and
PCP/AP-2 which are stations providing a distribution service, and a distribution system
(DS) connecting the multiple access points PCP/AP-1 and PCP/AP-2.

The station (STA) is a predetermined device including medium access control
(MAC) following a regulation of an IEEE 802.11 standard and a physical layer interface
for a wireless medium, and includes both a non-access point (non-AP) station and an
access point (AP) in a broad sense. Further, in the present specification, a term ‘terminal’
may be used to refer to a non-AP STA, or an AP, or to both terms. A station for wireless
communication includes a processor and a communication unit and according to the
embodiment, may further include a user interface unit and a display unit. The processor
may generate a frame to be transmitted through a wireless network or process a frame

received through the wireless network and besides, perform various processing for
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controlling the station. In addition, the communication unit is functionally connected
with the processor and transmits and receives frames through the wireless network for
the station. According to the present invention, a terminal may be used as a term which
includes user equipment (UE).

The access point (AP) is an entity that provides access to the distribution
system (DS) via wireless medium for the station associated therewith. In the
infrastructure BSS, communication among non-AP stations is, in principle, performed
via the AP, but when a direct link is configured, direct communication is enabled even
among the non-AP stations. Meanwhile, in the present invention, the AP is used as a
concept including a personal BSS coordination point (PCP) and may include concepts
including a centralized controller, a base station (BS), a node-B, a base transceiver
system (BTS), and a site controller in a broad sense. In the present invention, an AP
may also be referred to as a base wireless communication terminal. The base wireless
communication terminal may be used as a term which includes an AP, a base station, an
eNB (i.e. eNodeB) and a transmission point (TP) in a broad sense. In addition, the base
wireless communication terminal may include various types of wireless communication
terminals that allocate medium resources and perform scheduling in communication
with a plurality of wireless communication terminals.

A plurality of infrastructure BSSs may be connected with each other through
the distribution system (DS). In this case, a plurality of BSSs connected through the
distribution system is referred to as an extended service set (ESS).

FIG. 2 illustrates an independent BSS which is a wireless LAN system
according to another embodiment of the present invention. In the embodiment of FIG. 2,
duplicative description of parts, which are the same as or correspond to the embodiment

of FIG. 1, will be omitted.
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Since a BSS3 illustrated in FIG. 2 is the independent BSS and does not
include the AP, all stations STA6 and STA7 are not connected with the AP. The
independent BSS is not permitted to access the distribution system and forms a self-
contained network. In the independent BSS, the respective stations STA6 and STA7
may be directly connected with each other.

FIG. 3 is a block diagram illustrating a configuration of a station 100
according to an embodiment of the present invention. As illustrated in FIG. 3, the
station 100 according to the embodiment of the present invention may include a
processor 110, a communication unit 120, a user interface unit 140, a display unit 150,
and a memory 160.

First, the communication unit 120 transmits and receives a wireless signal
such as a wireless LAN packet, or the like and may be embedded in the station 100 or
provided as an exterior. According to the embodiment, the communication unit 120 may
include at least one communication module using different frequency bands. For
example, the communication unit 120 may include communication modules having
different frequency bands such as 2.4 GHz, 5 GHz, and 60 GHz. According to an
embodiment, the station 100 may include a communication module using a frequency
band of 6 GHz or more and a communication module using a frequency band of 6 GHz
or less. The respective communication modules may perform wireless communication
with the AP or an external station according to a wireless LAN standard of a frequency
band supported by the corresponding communication module. The communication unit
120 may operate only one communication module at a time or simultaneously operate
multiple communication modules together according to the performance and
requirements of the station 100. When the station 100 includes a plurality of

communication modules, each communication module may be implemented by
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independent elements or a plurality of modules may be integrated into one chip. In an
embodiment of the present invention, the communication unit 120 may represent a radio
frequency (RF) communication module for processing an RF signal.

Next, the user interface unit 140 includes various types of input/output means
provided in the station 100. That is, the user interface unit 140 may receive a user input
by using various input means and the processor 110 may control the station 100 based
on the received user input. Further, the user interface unit 140 may perform output
based on a command of the processor 110 by using various output means.

Next, the display unit 150 outputs an image on a display screen. The display
unit 150 may output various display objects such as contents executed by the processor
110 or a user interface based on a control command of the processor 110, and the like.
Further, the memory 160 stores a control program used in the station 100 and various
resulting data. The control program may include an access program required for the
station 100 to access the AP or the external station.

The processor 110 of the present invention may execute various commands or
programs and process data in the station 100. Further, the processor 110 may control the
respective units of the station 100 and control data transmission/reception among the
units. According to the embodiment of the present invention, the processor 110 may
execute the program for accessing the AP stored in the memory 160 and receive a
communication configuration message transmitted by the AP. Further, the processor
110 may read information on a priority condition of the station 100 included in the
communication configuration message and request the access to the AP based on the
information on the priority condition of the station 100. The processor 110 of the
present invention may represent a main control unit of the station 100 and according to

the embodiment, the processor 110 may represent a control unit for individually
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controlling some component of the station 100, for example, the communication unit
120, and the like. That is, the processor 110 may be a modem or a
modulator/demodulator for modulating and demodulating wireless signals transmitted to
and received from the communication unit 120. The processor 110 controls various
operations of wireless signal transmission/reception of the station 100 according to the
embodiment of the present invention. A detailed embodiment thereof will be described
below.

The station 100 illustrated in FIG. 3 is a block diagram according to an
embodiment of the present invention, where separate blocks are illustrated as logically
distinguished elements of the device. Accordingly, the elements of the device may be
mounted in a single chip or multiple chips depending on design of the device. For
example, the processor 110 and the communication unit 120 may be implemented while
being integrated into a single chip or implemented as a separate chip. Further, in the
embodiment of the present invention, some components of the station 100, for example,
the user interface unit 140 and the display unit 150 may be optionally provided in the
station 100.

FIG. 4 is a block diagram illustrating a configuration of an AP 200 according
to an embodiment of the present invention. As illustrated in FIG. 4, the AP 200
according to the embodiment of the present invention may include a processor 210, a
communication unit 220, and a memory 260. In FIG. 4, among the components of the
AP 200, duplicative description of parts which are the same as or correspond to the
components of the station 100 of FIG. 2 will be omitted.

Referring to FIG. 4, the AP 200 according to the present invention includes
the communication unit 220 for operating the BSS in at least one frequency band. As

described in the embodiment of FIG. 3, the communication unit 220 of the AP 200 may
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also include a plurality of communication modules using different frequency bands.
That is, the AP 200 according to the embodiment of the present invention may include
two or more communication modules among different frequency bands, for example,
24 GHz, 5 GHz, and 60 GHz together. Preferably, the AP 200 may include a
communication module using a frequency band of 6 GHz or more and a communication
module using a frequency band of 6 GHz or less. The respective communication
modules may perform wireless communication with the station according to a wireless
LAN standard of a frequency band supported by the corresponding communication
module. The communication unit 220 may operate only one communication module at a
time or simultaneously operate multiple communication modules together according to
the performance and requirements of the AP 200. In an embodiment of the present
invention, the communication unit 220 may represent a radio frequency (RF)
communication module for processing an RF signal.

Next, the memory 260 stores a control program used in the AP 200 and
various resulting data. The control program may include an access program for
managing the access of the station. Further, the processor 210 may control the
respective units of the AP 200 and control data transmission/reception among the units.
According to the embodiment of the present invention, the processor 210 may execute
the program for accessing the station stored in the memory 260 and transmit
communication configuration messages for one or more stations. In this case, the
communication configuration messages may include information about access priority
conditions of the respective stations. Further, the processor 210 performs an access
configuration according to an access request of the station. According to an embodiment,
the processor 210 may be a modem or a modulator/demodulator for modulating and

demodulating wireless signals transmitted to and received from the communication unit
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220. The processor 210 controls various operations such as wireless signal
transmission/reception of the AP 200 according to the embodiment of the present
invention. A detailed embodiment thereof will be described below.

FIG. 5 is a diagram schematically illustrating a process in which a STA sets a
link with an AP.

Referring to FIG. 5, the link between the STA 100 and the AP 200 is set
through three steps of scanning, authentication, and association in a broad way. First,
the scanning step is a step in which the STA 100 obtains access information of BSS
operated by the AP 200. A method for performing the scanning includes a passive
scanning method in which the AP 200 obtains information by using a beacon message
(S101) which is periodically transmitted and an active scanning method in which the
STA 100 transmits a probe request to the AP (S103) and obtains access information by
receiving a probe response from the AP (S105).

The STA 100 that successfully receives wireless access information in the
scanning step performs the authentication step by transmitting an authentication request
(S107a) and receiving an authentication response from the AP 200 (S107b). After the
authentication step is performed, the STA 100 performs the association step by
transmitting an association request (S109a) and receiving an association response from
the AP 200 (S109b). In this specification, an association basically means a wireless
association, but the present invention is not limited thereto, and the association may
include both the wireless association and a wired association in a broad sense.

Meanwhile, an 802.1X based authentication step (S111) and an IP address
obtaining step (S113) through DHCP may be additionally performed. In FIG. 5, the
authentication server 300 is a server that processes 802.1X based authentication with the

STA 100 and may be present in physical association with the AP 200 or present as a
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separate server.

FIG. 6 is a diagram illustrating a carrier sense multiple access
(CSMA)/collision avoidance (CA) method used in wireless LAN communication.

A terminal that performs a wireless LAN communication checks whether a
channel is busy by performing carrier sensing before transmitting data. When a wireless
signal having a predetermined strength or more is sensed, it is determined that the
corresponding channel is busy and the terminal delays the access to the corresponding
channel. Such a process is referred to as clear channel assessment (CCA) and a level to
decide whether the corresponding signal is sensed is referred to as a CCA threshold.
When a wireless signal having the CCA threshold or more, which is received by the
terminal, indicates the corresponding terminal as a receiver, the terminal processes the
received wireless signal. Meanwhile, when a wireless signal is not sensed in the
corresponding channel or a wireless signal having a strength smaller than the CCA
threshold is sensed, it is determined that the channel is idle.

When it is determined that the channel is idle, each terminal having data to be
transmitted performs a backoff procedure after an inter frame space (IFS) time
depending on a situation of each terminal, for instance, an arbitration IFS (AIFS), a PCF
IFS (PIFS), or the like elapses. According to the embodiment, the AIFS may be used as
a component which substitutes for the existing DCF IFS (DIFS). Each terminal stands
by while decreasing slot time(s) as long as a random number determined by the
corresponding terminal during an interval of an idle state of the channel and a terminal
that completely exhausts the slot time(s) attempts to access the corresponding channel.
As such, an interval in which each terminal performs the backoff procedure is referred
to as a contention window interval.

When a specific terminal successfully accesses the channel, the corresponding
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terminal may transmit data through the channel. However, when the terminal which
attempts the access collides with another terminal, the terminals which collide with each
other are assigned with new random numbers, respectively to perform the backoff
procedure again. According to an embodiment, a random number newly assigned to
each terminal may be decided within a range (2*CW) which is twice larger than a range
(a contention window, CW) of a random number which the corresponding terminal is
previously assigned. Meanwhile, each terminal attempts the access by performing the
backoff procedure again in a next contention window interval and in this case, each
terminal performs the backoff procedure from slot time(s) which remained in the
previous contention window interval. By such a method, the respective terminals that
perform the wireless LAN communication may avoid a mutual collision for a specific
channel.

FIG. 7 is a diagram illustrating a method for performing a distributed
coordination function using a request to send (RTS) frame and a clear to send (CTS)
frame.

The AP and STAs in the BSS contend in order to obtain an authority for
transmitting data. When data transmission at the previous step is completed, each
terminal having data to be transmitted performs a backoff procedure while decreasing a
backoff counter (alternatively, a backoff timer) of a random number assigned to each
terminal after an AFIS time. A transmitting terminal in which the backoff counter
expires transmits the request to send (RTS) frame to notify that corresponding terminal
has data to transmit. According to an exemplary embodiment of FIG. 7, STA1 which
holds a lead in contention with minimum backoff may transmit the RTS frame after the
backoff counter expires. The RTS frame includes information on a receiver address, a

transmitter address, and duration. A receiving terminal (i.e., the AP in FIG. 7) that
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receives the RTS frame transmits the clear to send (CTS) frame after waiting for a short
IFS (SIFS) time to notify that the data transmission is available to the transmitting
terminal STA1l. The CTS frame includes the information on a receiver address and
duration. In this case, the receiver address of the CTS frame may be set identically to a
transmitter address of the RTS frame corresponding thereto, that is, an address of the
transmitting terminal STAT.

The transmitting terminal STA1 that receives the CTS frame transmits the
data after a SIFS time. When the data transmission is completed, the receiving terminal
AP transmits an acknowledgment (ACK) frame after a SIFS time to notify that the data
transmission is completed. When the transmitting terminal receives the ACK frame
within a predetermined time, the transmitting terminal regards that the data transmission
is successful. However, when the transmitting terminal does not receive the ACK frame
within the predetermined time, the transmitting terminal regards that the data
transmission is failed. Meanwhile, adjacent terminals that receive at least one of the
RTS frame and the CTS frame in the course of the transmission procedure set a network
allocation vector (NAV) and do not perform data transmission until the set NAV is
terminated. In this case, the NAV of each terminal may be set based on a duration field
of the received RTS frame or CTS frame.

In the course of the aforementioned data transmission procedure, when the
RTS frame or CTS frame of the terminals is not normally transferred to a target terminal
(i.e., a terminal of the receiver address) due to a situation such as interference or a
collision, a subsequent process is suspended. The transmitting terminal STA1 that
transmitted the RTS frame regards that the data transmission is unavailable and
participates in a next contention by being assigned with a new random number. In this

case, the newly assigned random number may be determined within a range (2*CW)
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twice larger than a previous predetermined random number range (a contention window,
Cw).

Basic sequence of UL-MU/DL-MU transmission

FIGS. 8 and 9 illustrate multi-user transmission methods according to an
embodiment of the present invention. When using orthogonal frequency division
multiple access (OFDMA) or multi-input multi-output (MIMO), one wireless
communication terminal can simultaneously transmit data to a plurality of wireless
communication terminals. Further, one wireless communication terminal can
simultaneously receive data from a plurality of wireless communication terminals. For
example, a downlink multi-user (DL-MU) transmission in which an AP simultaneously
transmits data to a plurality of STAs, and an uplink multi-user (UL-MU) transmission in
which a plurality of STAs simultaneously transmit data to the AP may be performed.

FIG. 8 illustrates a UL-MU transmission process according to an embodiment
of the present invention. In order to perform the UL-MU transmission, the channel to be
used and the transmission start time of each STA that performs uplink transmission
should be adjusted. In order to efficiently schedule the UL-MU transmission, state
information of each STA needs to be transmitted to the AP. According to an
embodiment of the present invention, information for scheduling of a UL-MU
transmission may be indicated through a predetermined field of a preamble of a packet
and/or a predetermined field of a MAC header. For example, a STA may indicate
information for UL-MU transmission scheduling through a predetermined field of a
preamble or a MAC header of an uplink transmission packet, and may transmit the
information to an AP. In this case, the information for UL-MU transmission scheduling
includes at least one of buffer status information of each STA, and channel state

information measured by each STA. The buffer status information of the STA may
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indicate at least one of whether the STA has uplink data to be transmitted, the access
category (AC) of the uplink data and the size (or the transmission time) of the uplink
data.

According to an embodiment of the present invention, the UL-MU
transmission process may be managed by the AP. The UL-MU transmission may be
performed in response to a trigger frame transmitted by the AP. The STAs
simultaneously transmit uplink data a predetermined IFS (e.g., SIFS) time after
receiving the trigger frame. The trigger frame solicits UL-MU transmission of STAs
and may inform channel (or subchannel) information allocated to the uplink STAs.
Upon receiving the trigger frame from the AP, a plurality of STAs transmit uplink data
through each allocated channel (or, subchannel) in response thereto. After the uplink
data transmission is completed, the AP transmits an ACK to the STAs that have
successfully transmitted the uplink data. In this case, the AP may transmit a
predetermined multi-STA block ACK (M-BA) as an ACK for a plurality of STAs.

In the non-legacy wireless LAN system, subcarriers of a specific number, for
example, 26, 52, or 106 tones may be used as a resource unit (RU) for a subchannel-
based access in a channel of 20 MHz band. Accordingly, the trigger frame may indicate
identification information of each STA participating in the UL-MU transmission and
information of the allocated resource unit. The identification information of the STA
includes at least one of an association ID (AID), a partial AID, and a MAC address of
the STA. Further, the information of the resource unit includes the size and placement
information of the resource unit.

On the other hand, in the non-legacy wireless LAN system, a UL-MU
transmission may be performed based on a contention of a plurality of STAs for a

specific resource unit. For example, if an AID field value for a specific resource unit is
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set to a specific value (e.g., 0) that is not assigned to STAs, a plurality of STAs may
attempt random access (RA) for the corresponding resource unit.

FIG. 9 illustrates a DL-MU transmission process according to an embodiment
of the present invention. According to an embodiment of the present invention, RTS
and/or CTS frames of a predetermined format may be used for NAV setting in the DL-
MU transmission process. First, the AP transmits a multi-user RTS (MU-RTS) frame
for NAV setting in the DL-MU transmission process. The duration field of the MU-RTS
frame is set to a time until the end of the DL-MU transmission session. That is, the
duration field of the MU-RTS frame is set based on a period until the downlink data
transmission of the AP and ACK frame transmissions of the STAs are completed. The
neighboring terminals of the AP set a NAV until the end of the DL-MU transmission
session based on the duration field of the MU-RTS frame transmitted by the AP.
According to an embodiment, the MU-RTS frame may be configured in the format of a
trigger frame and requests simultaneous CTS (sCTS) frame transmissions of the STAs.

STAs (e.g., STA1 and STA2) receiving the MU-RTS frame from the AP
transmit the sCTS frame. The sCTS frames transmitted by a plurality of STAs have the
same waveform. That is, the sCTS frame transmitted by the STA1 on the first channel
has the same waveform as the sCTS frame transmitted by the STA?2 on the first channel.
According to an embodiment, the sCTS frame is transmitted on the channel indicated by
the MU-RTS frame. The duration field of the sCTS frame is set to a time until the DL-
MU transmission session is terminated based on the information of the duration field of
the MU-RTS frame. That is, the duration field of the sCTS frame is set based on the
period until the downlink data transmission of the AP and the ACK frame transmissions
of the STAs are completed. In FIG. 9, neighboring terminals of STA1 and STA2 set a

NAYV until the end of the DL-MU transmission session based on the duration field of the
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sCTS frame.

According to an embodiment of the present invention, the MU-RTS frame and
the sCTS frame may be transmitted on a 20 MHz channel basis. Accordingly, the
neighboring terminals including legacy terminals can set the NAV by receiving the MU-
RTS frame and/or the sCTS frame. When the transmission of the MU-RTS frame and
the sCTS frame is completed, the AP performs a downlink transmission. FIG. 9
illustrates an embodiment in which the AP transmits DL-MU data to STA1 and STA2,
respectively. The STAs receive the downlink data transmitted by the AP and transmit an
uplink ACK in response thereto.

PPDU format

FIG. 10 illustrates an embodiment of a legacy PHY Protocol Data Unit
(PPDU) format and a non-legacy PPDU format. More specifically, FIG. 10(a) illustrates
an embodiment of a legacy PPDU format based on 802.11a/g, and FIG. 10(b) illustrates
an embodiment of a non-legacy PPDU based on 802.11ax. In addition, FIG. 10(c)
illustrates the detailed field configuration of L-SIG and RL-SIG commonly used in the
PPDU formats.

Referring to FIG. 10(a), the preamble of the legacy PPDU includes a legacy
short training field (L-STF), a legacy long training field (L-LTF), and a legacy signal
field (L-SIG). In an embodiment of the present invention, the L-STF, L-LTF and L-SIG
may be referred to as a legacy preamble. Referring to FIG. 10(b), the preamble of the
HE PPDU includes a repeated legacy short training field (RL-SIG), a high efficiency
signal A field (HE-SIG-A), a high efficiency signal B field, a high efficiency short
training field (HE-STF), and a high efficiency long training field (HE-LTF) in addition
to the legacy preamble. In an embodiment of the present invention, the RL-SIG, HE-

SIG-A, HE-SIG-B, HE-STF and HE-LTF may be referred to as a non-legacy preamble.
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The detailed configuration of the non-legacy preamble may be modified according to
the HE PPDU format. For example, HE-SIG-B may only be used in some formats
among the HE PPDU formats.

A 64 FFT OFDM is applied to the L-SIG included in the preamble of the
PPDU and the L-SIG consists of 64 subcarriers in total. Among these, 48 subcarriers
excluding guard subcarriers, a DC subcarrier and pilot subcarriers are used for data
transmission of the L-SIG. If a modulation and coding scheme (MCS) of BPSK, Rate =
172 is applied, the L-SIG may include information of a total of 24 bits. FIG. 10(c)
illustrates a configuration of 24-bit information of the L-SIG.

Referring to FIG. 10(c), the L-SIG includes an L. RATE field and an
L_LENGTH field. The L_RATE field consists of 4 bits and represents the MCS used
for data transmission. More specifically, the L_RATE field represents one of the
transmission rates of 6/9/12/18/24/24/36/48/54Mbps by combining the modulation
scheme such as BPSK/QPSK/16-QAM/64-QAM with the code rate such as 1/2, 2/3, 3/4.
When combining the information of the L_RATE field and the L_LENGTH field, the
total length of the corresponding PPDU can be represented. The non-legacy PPDU sets
the L_RATE field to a 6 Mbps which is the minimum rate.

The L_LENGTH field consists of 12 bits, and may represent the length of the
corresponding PPDU by a combination with the L_RATE field. In this case, the legacy
terminal and the non-legacy terminal may interpret the ._LENGTH field in different
ways.

First, a method of interpreting the length of a PPDU using a L LENGTH field
by a legacy terminal or a non-legacy terminal is as follows. When the L. RATE field is
set to 6 Mbps, 3 bytes (i.e., 24 bits) can be transmitted for 4 us, which is one symbol

duration of 64 FFT. Therefore, by adding 3 bytes corresponding to the SVC field and
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the Tail field to the value of the L LENGTH field and dividing it by 3 bytes, which is
the transmission amount of one symbol, the number of symbols after the L-SIG is
obtained on the 64FFT basis. The length of the corresponding PPDU, that is, the
reception time (i.e., RXTIME) is obtained by multiplying the obtained number of
symbols by 4us, which is one symbol duration, and then adding a 20us which is for
transmitting L-STF, L-LTF and L-SIG. This can be expressed by the following
Equation 1.

[Equation 1]

L_LENGTH+3

RXTIME(us) = ([ 3 D x 4+ 20

In this case, [ %1 denotes the smallest natural number greater than or equal

to x. Since the maximum value of the I, LENGTH field is 4095, the length of the PPDU
can be set up to 5.464ms. The non-legacy terminal transmitting the PPDU should set the
L_LENGTH field as shown in Equation 2 below.

[Equation 2]

TXTIME—20
L LENGTH(byte) = ( [~ || x3 -3

Herein, TXTIME is the total transmission time constituting the corresponding
PPDU, and is expressed by Equation 3 below. In this case, TX represents the
transmission time of X.

[Equation 3]

TXTIME(us) = Ty —g1F + TL—LTF + TL—s1G + TRL-S1G + THE-SIG—A
+(THE-S1G—B) + THE—STF * NHE—LTF ' THE-LTF tTData

With reference to the above equations, the length of the PPDU is calculated

based on the round-up value of L LENGTH/3. Therefore, for any value of k, three
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different values of L_LENGTH = {3k+1, 3k+2, 3(k+1)} indicate the same PPDU length.
According to an embodiment of the present invention, the non-legacy terminal may
perform additional signaling using three different L LENGTH values indicating the
same PPDU length information. More specifically, values corresponding to 3k+1 and
3k+2 among the three different L LENGTH values may be used to indicate the HE
PPDU format.

FIG. 11 illustrates various HE PPDU formats and an indication method
thereof according to an embodiment of the present invention. According to an
embodiment of the present invention, the HE PPDU format may be indicated based on
the L_LENGTH field and HE-SIG-A of the corresponding PPDU. More specifically,
the HE PPDU format is indicated based on at least one of the value of the L_LENGTH
field and the modulation scheme applied to the HE-SIG-A symbol.

First, referring to FIG. 11(a), when the value of the L LENGTH field is 3k+1
(i.e., when mod3 = 1), the corresponding PPDU is an HE SU PPDU or an HE Trigger-
based PPDU. The HE SU PPDU is a PPDU used for a single-user transmission between
an AP and a single STA. Furthermore, the HE Trigger-based PPDU is an uplink PPDU
used for a transmission that is a response to a trigger frame. HE SU PPDU and HE
Trigger-based PPDU have the same preamble format. In the cases of the HE SU PPDU
and the HE Trigger-based PPDU, two symbols of HE-SIG-A are modulated with BPSK
and BPSK, respectively.

According to a further embodiment of the present invention illustrated in FIG.
11(b), when the value of the L_LENGTH field is 3k+1 and the two symbols of HE-SIG-
A are modulated with BPSK and QBPSK, respectively, the corresponding PPDU is an
extended PPDU. The extended PPDU is used as a new PPDU format other than the

PPDU formats supported by 802.11ax.
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Next, when the value of the L_LENGTH field is 3k+2 (i.e., when mod3 = 2),
the corresponding PPDU is an HE MU PPDU or an HE Extended Range (ER) SU
PPDU. The HE MU PPDU is a PPDU used for a transmission to one or more terminals.
The HE MU PPDU format is illustrate in FIG. 11(c) and additionally includes HE-SIG-
B in the non-legacy preamble. In the case of the HE MU PPDU, the two symbols of
HE-SIG-A are modulated with BPSK and BPSK, respectively. On the other hand, HE
ER SU PPDU is used for a single-user transmission with a terminal in an extended
range. The HE ER SU PPDU format is illustrated in FIG. 11(d), where HE-SIG-A of the
non-legacy preamble is repeated on the time axis. In the case of the HE ER SU PPDU,
the first two symbols of HE-SIG-A are modulated with BPSK and QBPSK, respectively.
Thus, the non-legacy terminal can signal the PPDU format through the modulation
scheme used for the two symbols of HE-SIG-A in addition to the value of the
L_LENGTH field.

The HE MU PPDU illustrated in FIG. 11(c) may be used by an AP to perform
a downlink transmission to a plurality of STAs. In this case, the HE MU PPDU may
include scheduling information for a plurality of STAs to simultaneously receive the
corresponding PPDU. In addition, the HE MU PPDU may be used by a single STA to
perform an uplink transmission to the AP. In this case, the HE MU PPDU may transmit
AID information of the receiver and/or the transmitter of the corresponding PPDU
through a user specific field of the HE-SIG-B. Therefore, terminals receiving the HE
MU PPDU may perform a spatial reuse operation based on the AID information
obtained from the preamble of the corresponding PPDU. In addition, data transmission
through some narrowband may be performed using the HE MU PPDU. Here, the
narrowband may be a frequency band of less than 20 MHz. According to an

embodiment, the HE MU PPDU may indicate allocation information of resource unit(s)
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to be used for a narrowband transmission through the HE-SIG-B.

More specifically, the resource unit allocation (RA) field of HE-SIG-B
contains information on the resource unit partition type in a specific bandwidth (e.g., 20
MHz) of the frequency domain. Further, information of a STA assigned to each
partitioned resource unit may be transmitted through the user specific field of the HE-
SIG-B. The user specific field includes one or more user fields corresponding to each
partitioned resource unit.

When a narrowband transmission using a part of the partitioned resource units
is performed, the resource unit used for the transmission may be indicated through the
user specific field of the HE-SIG-B. According to an embodiment, an AID of a receiver
or a transmitter may be contained in a user field corresponding to resource unit(s) on
which data transmission is performed among a plurality of partitioned resource units. In
addition, a predetermined Null STA ID may be contained in user field(s) corresponding
to the remaining resource unit(s) in which data transmission is not performed.
According to another embodiment of the present invention, the narrowband
transmission may be signaled through a first user field corresponding to a resource unit
in which data transmission is not performed and a second user field corresponding to a
resource unit in which data transmission is performed. More specifically, a
predetermined null STA ID may be contained in the first user field, and the placement
information of the resource unit(s) on which data transmission is performed may be
indicated through the remaining subfields of the corresponding user field. Next, the AID
of the receiver or transmitter may be contained in the second user field. Thus, the
terminal may signal the narrowband transmission through the location information
contained in the first user field and the AID information contained in the second user

field. In this case, since user fields less than the number of partitioned resource units are
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used, the signaling overhead can be reduced.

Configuration of HE-SIG-A field and HE-SIG-B field in an HE PPDU

FIG. 12 illustrates an embodiment of a configuration of an HE-SIG-A field
according to the HE PPDU format. HE-SIG-A consists of two symbols of 64 FFT, and
indicates common information for reception of the HE PPDU. The first symbol of the
HE-SIG-A is modulated with BPSK, and the second symbol of the HE-SIG-A is
modulated with BPSK or QBPSK. In the HE ER SU PPDU, two symbols of the HE-
SIG-A may be repeatedly transmitted. That is, the HE-SIG-A of the HE ER SU PPDU
congsists of four symbols, the first symbol and the second symbol of which have the
same data bit, and the third symbol and the fourth symbol of which have the same data
bit.

First, FIG. 12(a) illustrates a subfield configuration of the HE-SIG-A field of
the HE SU PPDU. According to an embodiment, the HE-SIG-A field of the HE ER SU
PPDU may be configured similarly. The function of each field included in HE-SIG-A
will be described as follows.

The UL/DL field indicates a transmission direction of the corresponding
PPDU. That is, the corresponding field indicates whether the corresponding PPDU is
transmitted with uplink or is transmitted with downlink. The format field is used to
differentiate an HE SU PPDU from an HE Trigger-based PPDU. The BSS color field
consists of 6 bits and indicates an identifier of the BSS corresponding to a terminal that
transmitted the corresponding PPDU. The spatial reuse field carries information such as
signal to interference plus noise ratio (SINR), transmission power, etc., which can be
referred to by terminals to perform spatial reuse transmission during the transmission of
the corresponding PPDU.

The TXOP duration field indicates duration information for TXOP protection
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and NAV setting. The corresponding field sets the duration of the TXOP interval in
which consecutive transmission is to be performed after the corresponding PPDU, so
that the neighboring terminals set a NAV for the corresponding duration. The
bandwidth field indicates the total bandwidth in which the corresponding PPDU is
transmitted. According to an embodiment, the bandwidth field may consist of 2 bits and
indicate one of 20 MHz, 40 MHz, 80 MH and 160 MHz (including 80+80 MHz). The
MCS field indicates an MCS value applied to the data field of the corresponding PPDU.
The CP+LTF size field indicates the duration of the cyclic prefix (CP) or guard interval
(GI) and the size of the HE-LTF. More specifically, the corresponding field indicates
the combination of the HE-LTF size used among 1x, 2x, and 4x HE-LTF, and the CP
(or GI) value used in the data field among 0.8us, 1.6us, and 3.2us.

The coding field may indicate which coding scheme is used between binary
convolutional code (BCC) and low density parity check (LDPC). In addition, the
corresponding field may indicate whether an extra OFDM symbol for LDPC is present.
The number of space time streams (NSTS) field indicates the number of space-time
streams used for MIMO transmission. The space time block coding (STBC) field
indicates whether space-time block coding is used. The transmit beamforming (TxBF)
field indicates whether beamforming is applied to the transmission of the corresponding
PPDU. The dual carrier modulation (DCM) field indicates whether dual carrier
modulation is applied to the data field. The dual carrier modulation transmits the same
information through two subcarriers in order to cope with narrowband interference. The
packet extension field indicates which level of packet extension is applied to the PPDU.
The beam change field indicates whether the part before the HE-STF of the
corresponding PPDU is mapped spatially different from the HE-LTF. The CRC field

and the tail field are used to determine the authenticity of the HE-SIG-A field
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information and to initialize the BCC decoder, respectively.

Next, FIG. 12(b) illustrates a subfield configuration of the HE-SIG-A field of
the HE MU PPDU. Among the subfields shown in FIG. 12(b), the same subfields as
those shown in FIG. 12(a) will not be described.

The UL/DL field indicates the transmission direction of the corresponding
PPDU. That is, the corresponding field indicates whether the corresponding PPDU is
transmitted with uplink or is transmitted with downlink. The bandwidth field of the HE
MU PPDU may indicate extra bandwidths in addition to the bandwidths of the HE SU
PPDU. That is, the bandwidth field of the HE MU PPDU consists of 3 bits and indicates
one of 20 MHz, 40 MHz, 80 MHz, 160 MHz (including 80+80 MHz), and
predetermined non-contiguous bands. The specific embodiments of the predetermined
non-contiguous bands will be described later.

The SIG-B MCS field indicates the MCS applied to the HE-SIG-B field.
Depending on the amount of information that requires signaling, variable MCS between
MSCO and MSCS5 can be applied to the HE-SIG-B. The CP+LTF size field indicates the
duration of the CP or GI and the size of the HE-LTF. The corresponding field indicates
the combination of the HE-LTF size used among 2x and 4x HE-LTF, and the CP (or GI)
value used in the data field among 0.8us, 1.6us, and 3.2us.

The SIG-B compression field indicates whether to use a compression mode of
the HE-SIG-B field. When the HE MU PPDU is transmitted using an MU-MIMO in the
full bandwidth, the resource unit allocation information for each 20 MHz band becomes
unnecessary. Therefore, in the full bandwidth MU-MIMO transmission, the SIG-B
compression field indicates the compression mode of the HE-SIG-B field. In this case,
the common field containing the resource unit allocation field is not present in the HE-

SIG-B field. The SIG-B DCM field indicates whether the HE-SIG-B field is modulated
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with the DCM for reliable transmission of the HE-SIG-B field. The number of HE-SIG-
B symbols field indicates information on the number of OFDM symbols in the HE-SIG-
B field.

On the other hand, when the HE MU PPDU is transmitted in a band of 40
MHz or more as described later, the HE-SIG-B may consist of two kinds of content
channels in units of 20 MHz. The content channels are referred to as HE-SIG-B content
channel 1 and HE-SIG-B content channel 2, respectively. According to an embodiment
of the present invention, the number of HE-SIG-B symbols in each channel can be kept
similar by differentiating MCSs applied to the HE-SIG-B content channel 1 and the HE-
SIG-B content channel 2, respectively. The HE-SIG-A field of the HE MU PPDU may
include a SIG-B dual MCS field. In this case, it is indicated through the corresponding
field whether the MCSs applied to the HE-SIG-B content channel 1 and the HE-SIG-B
content channel 2 are different with each other.

According to the embodiment of the present invention, when the SIG-B
compression field indicates the compression mode of the HE-SIG-B field (i.e., when the
full bandwidth MU-MIMO transmission is indicated), a specific field of the HE-SIG-A
may indicate information on the number of MU-MIMO users. For example, when the
full bandwidth MU-MIMO transmission is performed, the HE-SIG-B content channel 1
and the HE-SIG-B content channel 2 do not need to distribute the amount of
information through different MCSs. Therefore, when the SIG-B compression field
indicates the compression mode of the HE-SIG-B field, the SIG-B dual MCS field of
the HE-SIG-A may indicate information on the number of MU-MIMO users. Likewise,
when the full bandwidth MU-MIMO transmission is performed, information on the
number of symbols in each HE-SIG-B content channel need not be delivered separately.

Therefore, when the SIG-B compression field indicates the compression mode of the
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HE-SIG-B field, the number of HE-SIG-B symbols field in the HE-SIG-A may indicate
the information on the number of MU-MIMO users. As described above, in the
compression mode in which the resource unit allocation field of the HE-SIG-B is
omitted, information on the number of MU-MIMO users may be indicated through a
specific subfield of the HE-SIG-A.

According to a further embodiment of the present invention, some of the
subfields of the HE-SIG-A field of the HE MU PPDU may signal information different
from the above embodiments through a combination of a plurality of subfields. As
described above, the HE MU PPDU may not only be used by the AP to perform a
downlink transmission to a plurality of STAs, but may also be used by a single STA to
perform an uplink transmission to the AP. According to an embodiment of the present
invention, information based on the value indicated by the UL/DL field, the specific
subfield of the HE-SIG-A field of the HE MU PPDU may be set differently from each
other or indicate different information.

First, the bandwidth field may indicate different information based on the
value indicated by the UL/DL field. When the UL/DL field indicates downlink
transmission, the bandwidth field indicates any one of 20 MHz, 40 MHz, 80 MHz, 160
MHz (including 80+80 MHz), and predetermined non-contiguous bands. In a 3-bit
bandwidth field, values of O to 3 indicate 20 MHz, 40 MHz, 80 MHz, and 160 MHz
(including 80+80 MHz), respectively, and any one of values 4 to 7 indicates one of the
predetermined non-contiguous bands. However, a PPDU with non-contiguous
bandwidth may only be used for downlink transmission. Therefore, specific values of
the bandwidth field (i.e., one or more values among 4 to 7) may indicate different
information between when the UL/DL field indicates downlink transmission and when

it indicates uplink transmission.
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For example, if the UL/DL field indicates an uplink transmission, the
bandwidth field indicates any one of 20 MHz, 40 MHz, 80 MHz, 160 MHz (including
80+80 MHz), and a predetermined narrow bandwidths. That is, in the 3-bit bandwidth
field, values of O to 3 indicate 20 MHz, 40 MHz, 80 MHz, and 160 MHz (including
80+80 MHz), respectively, and any one of values 4 to 7 may indicate one of the
predetermined narrow bandwidths. According to an embodiment, the predetermined
narrow bandwidth may include a left-106-tone and a right-106-tone. In this case, among
the 242-tone constituting a 20 MHz primary channel, the left-106-tone indicates the
low-frequency 106-tone resource unit, and the right-106-tone indicates the high-
frequency 106-tone resource unit. However, the present invention is not limited thereto,
and the predetermined narrow bandwidth may include one or more of a 26-tone
resource unit, a 52-tone resource unit, a 106-tone resource unit, or a combination thereof.

As described above, data transmission through a predetermined narrowband
within the 20 MHz band may be performed when the UL MU PPDU is transmitted. The
allocation information of the resource unit to be used for the narrowband transmission
may be indicated through the resource unit allocation field and the user specific field of
the HE-SIG-B. However, in this case, the signaling overhead may be large. Thus,
according to an embodiment of the present invention, the uplink narrowband
transmission may be indicated through the bandwidth field of the HE-SIG-A of the HE
MU PPDU.

Next, the SIG-B compression field may be set differently based on the value
indicated by the UL/DL field. The SIG-B compression field indicates whether to use the
compression mode of the HE-SIG-B field. When the SIG-B compression field indicates
the compression mode of the HE-SIG-B field, the common field containing the resource

unit allocation field is not present in the HE-SIG-B field. According to the embodiment
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of the present invention, the SIG-B compression field may be set according to different
rules between when the UL/DL field indicates downlink transmission and when it
indicates uplink transmission.

More specifically, when the UL/DL field indicates downlink transmission, the
SIG-B compression field indicates whether to perform the full bandwidth MU-MIMO
transmission. That is, when the full-bandwidth MU-MIMO transmission is performed,
the value of the SIG-B compression field is set to 1. Otherwise, the value of the SIG-B
compression field is set to 0. However, the signaling of the resource unit allocation field
may be unnecessary when a UL MU PPDU is transmitted by a single STA. Therefore,
when the UL/DL field indicates uplink transmission, the value of the SIG-B
compression field may be always set to 1. That is, when the UL/DL field indicates
uplink transmission, the SIG-B compression field may always indicate that the common
field is not present in the HE-SIG-B field. Although the full bandwidth MU-MIMO
transmission is not performed, the compression mode of the HE-SIG-B field may be
used to reduce the signaling overhead of the HE-SIG-B of the uplink transmission.
Therefore, the common field may be omitted from the HE-SIG-B field of the UL MU
PPDU.

Next, the number of HE-SIG-B symbols field may indicate different
information based at least in part on the value indicated by the UL/DL field. More
specifically, the number of HE-SIG-B symbols field may indicate different information
based on the value indicated by the UL/DL field and the value of the SIG-B
compression field.

The number of HE-SIG-B symbols field basically indicates the number of
OFDM symbols in the HE-SIG-B field. However, as in the embodiments described

above, when the UL/DL field indicates downlink transmission and the SIG-B
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compression field indicates the compression mode of the HE-SIG-B field, the number
of HE-SIG-B symbols field in the HE-SIG-A may indicate the information on the
number of MU-MIMO user. In this case, the user specific field of the HE-SIG-B field
may consist of a user field for MU-MIMO allocation. Meanwhile, when the value of the
SIG-B compression field in the UL MU PPDU is set to 1, it may be intended to omit the
resource unit allocation field rather than to indicate the full bandwidth MU-MIMO
transmission. Therefore, when the UL/DL field indicates uplink transmission and the
SIG-B compression field indicates the compression mode of the HE-SIG-B field, the
number of HE-SIG-B symbols field in the HE-SIG-A may indicate the number of
OFDM symbols in the HE-SIG-B field as in the basic definition. In this case, the user
specific field of the HE-SIG-B field may consist of a user field for non-MU-MIMO
allocation. According to an embodiment, since the UL MU PPDU is transmitted to a
single AP, the user specific field of the HE-SIG-B field may include only one user field
for the non-MU-MIMO allocation.

Next, FIG. 12(c) illustrates a subfield configuration of the HE-SIG-A field of
the HE trigger-based PPDU. Among the subfields shown in FIG. 12(c), the same
subfields as those shown in FIG. 12(a) or 12(b) will not be described.

The format field is used to differentiate an HE SU PPDU from an HE Trigger-
based PPDU. Also, the HE Trigger-based PPDU includes the above-described BSS
color field and TXOP duration field. The spatial reuse field of the HE Trigger-based
PPDU consists of 16 bits and carries information for spatial reuse operation in units of
20 MHz or 40 MHz according to the total bandwidth. The bandwidth field consists of 2
bits and may indicate one of 20 MHz, 40 MHz, 80 MHz and 160 MHz (including 80+80
MHz).

FIG. 13 illustrates a configuration of an HE-SIG-B field according to an
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embodiment of the present invention. The HE-SIG-B field is present in the HE MU
PPDU and is transmitted in units of 20 MHz. In addition, the HE-SIG-B field indicates
information necessary for receiving the HE MU PPDU. As illustrated in FIG. 13(a), the
HE-SIG-B consists of a common field and a user specific field.

FIG. 13(b) illustrates an embodiment of a subfield configuration of the
common field of the HE-SIG-B. First, the common field includes a resource unit
allocation (RA) field. FIG. 13(c) illustrates an embodiment of the RA field.

Referring to FIG. 13(c), the RA field contains information on resource unit
allocation of a specific bandwidth (e.g., 20 MHz) in the frequency domain. More
specifically, the RA field consists in units of 8 bits, and indexes the size of the resource
units constituting the specific bandwidth and their placement in the frequency domain.
Further, the RA field may indicate the number of users in each resource unit. When the
total bandwidth through which the PPDU is transmitted is greater than a predetermined
bandwidth (e.g., 40 MHz), the RA field may be set to a multiple of 8 bits to carry
information in units of the specific bandwidth.

Each partitioned resource unit is generally assigned to one user. However,
resource units of a certain bandwidth (e.g., 106-tones) or more can be assigned to a
plurality of users using MU-MIMO. In this case, the RA field may indicate the number
of users in the corresponding resource unit. In addition, the RA field may indicate,
through a predetermined index, a specific resource unit in which a user specific field is
not transmitted, i.e., a specific resource unit (i.e., an empty RU) that is not assigned to
the user. According to an embodiment, the specific resource unit includes a resource
unit (RU) having a bandwidth of a multiple of 20 MHz channels, i.e., 242-tone RU,
484-tone RU, 996-tone RU, and the like. In an empty RU indicated by the index value,

data transmission is not performed. In this manner, the terminal may signal non-
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contiguous channel allocation information in units of 20 MHz through a predetermined
index of the RA field of the HE-SIG-B.

According to an embodiment of the present invention, when a PPDU is
transmitted through a total bandwidth of 80 MHz or more, the common field further
includes a field (hereinafter, referred to as C26 field) indicating whether a user is
allocated to a center 26-tone RU of 80 MHz. The C26 field may consist of a 1-bit
indicator before or after the RA field in the common field.

On the other hand, the user specific field consists of a plurality of user fields,
and carries information for a designated STA to each allocated resource unit. The total
number of user fields to be included in the user specific field may be determined based
on the RA field and the C26 field. A plurality of user fields are transmitted in units of a
user block field. The user block field is made up of an aggregation of two user fields, a
CRC field and a tail field. Depending on the total number of user fields, the last user
block field may contain information for one or two STAs. For example, if a total of
three users (i.e., STA1, STA2, and STA3) are designated, information for STA1 and
STA2 may be coded and transmitted along with the CRC/tail field in the first user block
field, and information for STA3 may be coded and transmitted along with the CRC/tail
field in the last user block field.

FIGS. 13(d)-1 and 13(d)-2 illustrate embodiments of the subfield
configuration of the user field of the HE-SIG-B, respectively. FIG. 13(d)-1 illustrates a
user field for an OFDMA transmission, and FIG. 13(d)-2 illustrates a user field for a
MU-MIMO transmission. Each user field indicates a receiver AID of the corresponding
resource unit. Exceptionally, when the HE MU PPDU is used for an uplink transmission,
the user field may indicate a transmitter AID. When one user is allocated to one

resource unit (i.e., non-MU-MIMO allocation), the user field includes a number of
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space time streams (NSTS) field, a TxBF field, an MCS field, a DCM field and a coding
field as illustrated in FIG. 13(d)-1. On the other hand, when a plurality of users are
allocated to one resource unit (i.e., MU-MIMO allocation), the user field includes a
spatial configuration field (SCF), an MCS field, a DCM field, and a coding field as
illustrated in FIG. 13(d)-2. Each STA that receives a PPDU through an MU-MIMO
allocation should identify the location and number of spatial streams for it in the
corresponding resource unit. To this end, the user field for the MU-MIMO transmission
includes a spatial configuration field (SCF).

FIG. 13(e) illustrates an embodiment of the SCF of the HE-SIG-B. The SCF
indicates the number of spatial streams for each STA and the total number of spatial
streams in the MU-MIMO allocation. Each STA identifies the OFDMA and/or MIMO
allocation of the corresponding PPDU through the RA field and identifies whether the
STA receives data through the MU-MIMO allocation according to the order indicated in
the user specific field. When the STA receives data through the non-MU-MIMO
allocation, the user field is interpreted according to the format of FIG. 13(d)-1. However,
when the STA receives data through the MU-MIMO allocation, the user field is
interpreted according to the format of FIG. 13(d)-2. On the other hand, when the SIG-B
compression field indicates the full bandwidth MU-MIMO, the RA field is not present
in the HE-SIG-B. In this case, since all the STAs signaled in the user specific field
receive data through the MU-MIMO allocation, the STAs interpret the user field
according to the format of FIG. 13(d)-2.

As described in the above embodiments, when the SIG-B compression field
indicates the full bandwidth MU-MIMO, the specific subfield of the HE-SIG-A may
indicate the information on the number of MU-MIMO users. That is, when the SIG-B

compression field indicates the compression mode of the HE-SIG-B field, the number
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of HE-SIG-B symbols field of the HE-SIG-A may indicate the information on the
number of MU-MIMO users. According to a further embodiment of the present
invention, when the SIG-B compression field indicates the full bandwidth MU-MIMO,
the configuration of the user specific field of the HE-SIG-B may be identified based on
the information on the number of MU-MIMO users indicated by the number of HE-
SIG-B symbols field. For example, the type of the user field constituting the user
specific field may be determined to be either a user field for MU-MIMO allocation or a
user field for non-MU-MIMO allocation based on the information on the number of
MU-MIMO users.

More specifically, when the SIG-B compression field indicates the full
bandwidth MU-MIMO and the number of HE-SIG-B symbols field indicates two or
more users, the user specific field of the HE-SIG-B consists of user fields for MU-
MIMO allocation. According to an embodiment, the number of HE-SIG-B symbols
field may be set to a value of 1 or more when it indicates two or more users. In this case,
the receiving terminal of the corresponding PPDU may receive data through the MU-
MIMO allocation.

However, when the SIG-B compression field indicates the full bandwidth
MU-MIMO and the number of HE-SIG-B symbols field indicates a single user, the user
specific field of the HE-SIG-B consists of one user field for non-MU-MIMO allocation.
According to an embodiment, the number of HE-SIG-B symbols field may be set to 0
when it indicates a single user. In this case, the receiving terminal of the corresponding
PPDU may receive data through non-MU-MIMO allocation. It is because the
transmission is not interpreted as an MU-MIMO transmission when the SIG-B
compression field indicates full bandwidth MU-MIMO but a single recipient is

indicated. When only one user is allocated for MU-MIMO transmission, spatial stream
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information for the single user cannot be signaled through the SCF of the user field for
MU-MIMO allocation shown in FIGS. 13(d) and 13(e). Thus, when the full bandwidth
MU-MIMO is indicated with a single user, the user specific field of the HE-SIG-B may
congsist of a user field for non-MU-MIMO allocation. The configuration of the user
specific field of the HE-SIG-B based on the information on the number of MU-MIMO
users can be applied to both the uplink and downlink MU PPDUs.

According to a further embodiment of the present invention, in the UL MU
PPDU, the common field may not always be present in the HE-SIG-B field. Signaling
of the C26 field and the RA field in the common field may be unnecessary when a
single STA transmits a UL MU PPDU. Therefore, when the UL/DL field indicates
uplink transmission, the common field is not present in the HE-SIG-B field. According
to an embodiment, the value of the SIG-B compression field of the HE-SIG-A in the UL
MU PPDU may be set to 1 to explicitly signal that the common field is not included in
the HE-SIG-B. However, in this case, the full bandwidth MU-MIMO transmission is
not performed, but the compression mode of the HE-SIG-B field may be used to reduce
the signaling overhead of the HE-SIG-B in the uplink transmission. According to
another embodiment of the present invention, in the UL MU PPDU, the compression
mode of the HE-SIG-B field may be implicitly indicated regardless of the value of the
SIG-B compression field, so that the common field is not present in the HE-SIG-B field.

Also, according to the embodiment of the present invention, the user specific
field of the HE-SIG-B in the UL MU PPDU may consist of one user field for non-MU-
MIMO allocation. That is, even if the value of the SIG-B compression field of the UL
MU PPDU is set to 1 so that the compression mode of the HE-SIG-B field (or the full
bandwidth MU-MIMO) is indicated, the user specific field of the HE-SIG-B may

consist of a user field for non-MU-MIMO allocation. In this way, when a single STA
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performs uplink transmission to a single AP, a non-MU-MIMO-based (or OFDMA-
based) user field is transmitted instead of a MU-MIMO-based user field so that
information on the number of space-time streams to be received by the receiving
terminal can be accurately transmitted.

A terminal according to an embodiment of the present invention may generate
an HE MU PPDU including an HE-SIG-A field and an HE-SIG-B field configured
according to the above-described methods, and transmit the generated HE MU PPDU.
The terminal receiving the HE MU PPDU may decode the corresponding PPDU based
on information obtained from the HE-SIG-A field of the received PPDU. In addition,
the terminal may decode the HE-SIG-B field based on the information obtained from
the HE-SIG-A field of the received HE MU PPDU. As described in the above
embodiments, the configuration of the HE-SIG-B may be identified based on
information obtained from at least one subfield of the HE-SIG-A. For example, the
configuration of the HE-SIG-B may be identified based on at least one of the number of
HE-SIG-B symbols field, the SIG-B compression field, and a combination thereof.

FIGS. 14 to 15 illustrate specific embodiments in which a single STA
transmits an UL MU PPDU to an AP.

First, FIG. 14 illustrates an embodiment in which the STA performs a UL MU
PPDU transmission through a narrowband. Here, the narrowband may be a resource unit
less than a 20 MHz bandwidth. As shown in FIG. 14(a), the STA can increase the
transmission distance of data by concentrating the transmission power on a specific
resource unit of a narrowband. FIGS. 14(b) to 14(d) illustrate various embodiments for
signaling such narrowband transmission.

First, the narrowband transmission may be signaled through at least one

subfield of the HE-SIG-A as shown in FIG. 14(b). When the HE MU PPDU is used for
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uplink transmission, the bandwidth field of the HE-SIG-A may indicate either 20 MHz,
40 MHz, 80 MHz, 160 MHz (including 80+80 MHz) or a predetermined narrow
bandwidth. That is, in the 3-bit bandwidth field, values of O to 3 indicate 20 MHz, 40
MHz, 80 MHz, and 160 MHz (including 80+80 MHz), respectively, and any one of
values 4 to 7 indicates one of the predetermined narrow bandwidths. According to an
embodiment, the predetermined narrow bandwidth may include a left-106-tone and a
right-106-tone. In this case, among the 242-tone constituting a 20 MHz primary channel,
the left-106-tone indicates the low-frequency 106-tone resource unit, and the right-106-
tone indicates the high-frequency 106-tone resource unit. However, the present
invention is not limited thereto, and the predetermined narrow bandwidth may include
one or more of a 26-tone resource unit, a 52-tone resource unit, a 106-tone resource unit,
or a combination thereof.

Next, the narrowband transmission may be signaled through a null STA ID
contained in the user field of the HE-SIG-B as shown in FIG. 14(c). More specifically,
the RA field of the HE-SIG-A may indicate information on the resource unit partition
type in a particular channel. For example, if the bandwidth of 20 MHz is partitioned into
two 106-tone resource units based on the OFDMA and the center 26-tone resource unit
is not used, then the RA field may signal “0110zzzz” as shown in FIG. 14(c). In this
case, an AID of the receiver or the transmitter may be inserted into the user field
corresponding to the resource unit used for uplink data transmission between the
partitioned two 106-tone resource units. On the other hand, a null STA ID may be
inserted into the user fields corresponding to the remaining resource units through
which data transmission is not performed. For example, if data is transmitted only
through the second RU between two 106-tone resource units, a null STA ID may be

inserted into the first user field.
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According to another embodiment of the present invention, as shown in FIG.
14(d), index values of the uplink resource unit allocation may be newly defined in the
RA field of the HE-SIG-B for the narrowband transmission. More specifically, the RA
field of the HE-SIG-B may index a specific 106-tone RU on which uplink transmission
is performed. In this case, since only one user field corresponding to the resource unit
indicated in the RA field is carried, the signaling overhead can be greatly reduced.
According to an embodiment, the index values of the uplink resource unit allocation
may be used among the unassigned (i.e., TBD) indices of the RA field configuration for
DL-MU transmission. According to another embodiment, the index values of the uplink
resource unit allocation may be newly defined in the RA field.

FIG. 15 illustrates an embodiment in which the STA performs UL MU PPDU
transmission through a bandwidth of 20 MHz or more. As shown in FIG. 15(a), the
uplink transmission using the HE MU PPDU may be performed not only through the
narrowband but also through the full bandwidth of 20 MHz, 40 MHz, 80 MHz or 160
MHz (including 80+80 MHz). In this case, the bandwidth field of the HE-SIG-A
indicates the total bandwidth of the PPDU. In addition, the SIG-B compression field
may be always set to 1 as shown in FIG. 15(b) so that the common field is omitted from
the HE-SIG-B field.

As described in the above embodiments, when the UL/DL field indicates
downlink transmission and the SIG-B compression field indicates the compression
mode of the HE-SIG-B field, the number of HE-SIG-B symbols field of the HE-SIG-A
may indicate the information on the number of MU-MIMO users. In this case, the user
specific field of the HE-SIG-B field may consist of user fields for MU-MIMO
allocation. However, when the UL/DL field indicates uplink transmission and the SIG-

B compression field indicates the compression mode of the HE-SIG-B field as in the
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embodiment of FIG. 15, the number of HE-SIG-B symbols field may indicate the
number of OFDM symbols in the HE-SIG-B field as in the basic definition. In this case,
the user specific field of the HE-SIG-B field may consist of a user field for non-MU-
MIMO allocation.

FIG. 16 illustrates an encoding structure and a transmission method of the
HE-SIG-B according to an embodiment of the present invention. FIG. 16(a) illustrates
the encoding structure of the HE-SIG-B, and FIG. 16(b) illustrates the transmission
method of the HE-SIG-B in a bandwidth of 40 MHz or more.

Referring to FIG. 16(a), the HE-SIG-B consists of a common field and a user
specific field. The detailed configuration of the common field and the user specific field
is as described in the embodiment of FIG. 13. Each user field of the user specific field is
arranged in order of allocated users in the resource unit arrangement indicated by the
RA field of the common field.

The user specific field consists of a plurality of user fields, and a plurality of
user fields are transmitted in units of a user block field. As described above, the user
block field is made up of an aggregation of two user fields, a CRC field, and a tail field.
If the total number of user fields is odd, the last user block field may contain one user
field. At the end of the HE-SIG-B, padding may be added along the OFDM symbol
boundary.

Referring to FIG. 16(b), HE-SIG-B is separately encoded on each 20 MHz
band. In this case, the HE-SIG-B may consist of a maximum of two contents in units of
20 MHz, that is, an HE-SIG-B content channel 1 and an HE-SIG-B content channel 2.
In the embodiment of FIG. 16(b), each box represents a 20 MHz band, and "1" and "2"
in the boxes represent the HE-SIG-B content channel 1 and the HE-SIG-B content

channel 2, respectively. Each HE-SIG-B content channel in the total band is arranged in
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order of the physical frequency band. That is, the HE-SIG-B content channel 1 is
transmitted in the lowest frequency band, and the HE-SIG-B content channel 2 is
transmitted in the next higher frequency band. Such a content channel configuration is
then duplicated through content duplication in the next higher frequency bands. For
example, for the first to fourth channels with an increasing order of the frequency
constituting the entire 80 MHz band, the HE-SIG-B content channel 1 is transmitted on
the first channel and the third channel, and the HE-SIG-B content channel 2 is
transmitted on the second channel and the fourth channel. Likewise, for the first to
eighth channels with an increasing order of the frequency constituting the entire 160
MHz band, the HE-SIG-B content channel 1 is transmitted on the first channel, the third
channel, the fifth channel and the seventh channel, and the HE-SIG-B content channel 2
is transmitted on the second channel, the fourth channel, the sixth channel and the
eighth channel. When the terminal can decode the HE-SIG-B content channel 1 through
at least one channel and decode the HE-SIG-B content channel 2 through the other at
least one channel, information on the MU PPDU configuration of the total bandwidth
can be obtained. On the other hand, when the total bandwidth is 20 MHz, only one SIG-
B content channel is transmitted.

Non-contiguous channel allocation

Hereinafter, a non-contiguous channel allocation method and a signaling
method thereof according to an embodiment of the present invention will be described
with reference to FIGS. 17 to 21. In the embodiment of the present invention, non-
contiguous channel allocation refers to channel allocation in which a band occupied by
the transmitted packet (i.e., PPDU) includes at least one non-contiguous channel (or
non-contiguous resource unit). However, a full bandwidth 80+80 MHz channel is

regarded as a contiguous channel like a full bandwidth 160 MHz channel. Thus, a non-
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contiguous channel (or non-contiguous PPDU) in the embodiments of the present
invention may refer to non-contiguous channels except for the full bandwidth 80+80
MHz channel.

In the following embodiments and drawings, the P20 channel indicates a 20
MHz primary channel, the S20 channel indicates a 20 MHz secondary channel, the S40
channel indicates a 40 MHz secondary channel, and the S80 channel indicates an 80
MHz secondary channel, respectively. Also, the S40A channel indicates the first
20MHz channel constituting the S40 channel, and the S40B channel indicates the
second 20MHz channel constituting the S40 channel. Similarly, the S80A channel, the
S80B channel, the S80C channel, and the S80D channel indicate the first 20MHz
channel, the second 20MHz channel, the third 20MHz channel, and the fourth 20MHz
channel constituting the S80 channel, respectively.

In the embodiment of the present invention, a transmitter (e.g., an AP) signals
non-contiguous channel allocation information through embodiments illustrated in each
figure or combinations thereof. The transmitter may perform a CCA of multiple
channels for a wideband packet transmission. In this case, the wideband may refer to a
band having a total bandwidth of 40 MHz or more, but the present invention is not
limited thereto. The transmitter transmits a packet through at least one channel which is
idle based on the result of performing the CCA of multiple channels. In this case, when
the packet is transmitted through a non-contiguous channel, the transmitter signals non-
contiguous channel allocation information via a non-legacy preamble of the packet. As
such, the transmitter transmits a wireless packet in which non-contiguous channel
allocation information is signaled. A receiver (e.g., a STA) receives the wireless packet
and obtains the non-contiguous channel allocation information from the received packet.

The receiver decodes the received packet based on the obtained non-contiguous channel
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allocation information. In this case, the received packet may be an HE MU PPDU, but
the present invention is not limited thereto.

FIG. 17 illustrates a non-contiguous channel allocation method according to
an embodiment of the present invention. According to the embodiment of FIG. 17, the
location where at least one of the HE-SIG-B content channels is transmitted may be
variable. In this case, the receiver should be able to variably set the decoding channel
for receiving the HE-SIG-B content channel. In the embodiment of FIG. 17, it is
assumed that the HE-SIG-B content channel 1 is transmitted through the P20 channel
and the channel through which the HE-SIG-B content channel 2 is transmitted may vary.
However, depending on the physical frequency order of the P20 channel within the P40
channel, the HE-SIG-B content channel 2 may be transmitted through the P20 channel.
In this case, the channel through which the HE-SIG-B content channel 1 is transmitted
may vary depending on the channel configuration. The non-contiguous channel
allocation information according to the embodiment of the present invention may
support at least some configurations among the channel configurations listed in FIG. 17.

FIG. 17(a) illustrates a channel configuration in which only the P20 channel is
allocated among the P80 (i.e., primary 80 MHz) band. In this case, the HE-SIG-B
content channel 2 is not transmitted in the P80 band. FIG. 17(b) illustrates a channel
configuration in which the P40 channel is basically allocated among the P80 band. In
this case, both the HE-SIG-B content channel 1 and the HE-SIG-B content channel 2
may be transmitted through at least the P40 channel. According to the embodiment, a
non-contiguous channel in which any one among the two 20 MHz channels, that is, the
S40A channel and the S40B channel of the S40 channel is allocated may be used. When
both the S40A channel and the S40B channel are allocated, a contiguous channel of 80

MHz or 160 MHz bandwidth is configured.
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FIG. 17(c) illustrates a channel configuration in which only the P20 channel
and the S40 channel are allocated among the P80 band. In this case, the HE-SIG-B
content channel 1 may be transmitted through the P20 channel and the S40A channel,
and the HE-SIG-B content channel 2 may be transmitted through the S40B channel. In
the embodiments of FIG. 17(c), the HE-SIG-B content channel 1 and the HE-SIG-B
content channel 2 may be transmitted based on the HE-SIG-B content channel
transmission rule according to the embodiment of the present invention

Meanwhile, due to the limitation of the number of bits in the bandwidth field
of the HE-SIG-A, the bandwidth field may indicate some configurations among the
above channel configurations. When the bandwidth field consists of 3 bits, the
bandwidth field may index four additional non-contiguous channel allocation
information. According to the embodiment of the present invention, the bandwidth field
may indicate the total bandwidth information through which the PPDU is transmitted
and some channel information to be punctured within the total bandwidth. In this case,
the total bandwidth may be either 80 MHz bandwidth or 160 MHz (or 80+80 MHz)
bandwidth. According to an embodiment of the present invention, the bandwidth field
may index puncturing of the S20 channel shown in FIG. 17(c), and puncturing of at
least one of two 20 MHz channels in the S40 channel shown in FIG. 17(b), respectively.

According to the embodiment of the present invention, in the channel
configuration indicated by the bandwidth field of the HE-SIG-A, additional puncturing
information may be indicated via the RA field of the HE-SIG-B. For example, when the
bandwidth field indicates puncturing of one of two 20 MHz channels in the S40 channel
at the total bandwidth of 80 MHz (e.g., the third and fifth channel configuration in FIG.
17(b)), the resource unit allocation field may indicate which 20 MHz channel in the S40

channel is punctured. Also, when the bandwidth field indicates puncturing of at least
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one of two 20 MHz channels in the S40 channel at the total bandwidth of 160 MHz or
80+80 MHz (e.g., the second, fourth and sixth channel configurations in FIG. 17(b)),
the resource unit allocation field may indicate which 20 MHz channel in the S40
channel is punctured. In addition, when the bandwidth field indicates puncturing of at
least one of two 20 MHz channels in the S40 channel in a total bandwidth of 160 MHz
or 80+80 MHz (e.g., the second, fourth and sixth channel configurations in FIG. 17(b)),
the resource unit allocation field may indicate additional puncturing in the S80 channel.
Further, when the bandwidth field indicates puncturing of the S20 channel in the total
bandwidth of 160 MHz or 80+80 MHz (e.g., the second channel configuration in FIG.
17(c)), the resource unit allocation field may indicate additional puncturing in the S80
channel.

Channels in which puncturing is indicated as described above are not assigned
to the user. A terminal receiving the non-contiguous PPDU may obtain the total
bandwidth information through which the PPDU is transmitted and the channel
information to be punctured within the total bandwidth via the bandwidth field of the
HE-SIG-A of the corresponding PPDU. Further, the terminal may obtain additional
channel puncturing information via the RA field of the HE-SIG-B of the corresponding
PPDU. The terminal decodes the PPDU based on the obtained non-contiguous channel
allocation information.

FIG. 18 illustrates a wideband access method according to an embodiment of
the present invention. After the transmission of the previous PPDU is completed, the
terminal having data to be transmitted performs a backoff procedure on the P20 channel.
The backoff procedure may be started when the P20 channel is idle for an AIFS time.
The terminal obtains a backoff counter within a range of a contention window (CW) for

the backoff procedure. The terminal performs a CCA and decreases the backoff counter
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by one when the channel is idle. If the channel is busy, the terminal suspends the
backoff procedure and resumes the backoff procedure an AIFS time after when the
channel is idle again. When the backoff counter expires through the backoff procedure,
the terminal may transmit data. In this case, the terminal performs a CCA for the
secondary channels to transmit data for a PIFS time before the backoff counter expires.

The embodiment of FIG. 18 shows a situation in which the S40A channel and
the S80B channel are busy in the 160 MHz band in which the CCA is performed. If at
least a part of the secondary channels on which the CCA is performed is busy, the
PPDU transmission band of the terminal may be determined based on the physical layer
CCA indication information. The physical layer CCA indication information may be
represented by a PHY-CCA.indication primitive defined in the wireless LAN standard.

More specifically, the PHY-CCA.indication is a primitive for the PHY to
represent the current state of a channel (or medium) to the local MAC entity, and
includes a state indicator and a channel indicator. The state indicator indicates a busy
state or an idle state. If it is determined that the channel cannot be used as a result of the
channel assessment by the physical layer, the value of the state indicator is set to the
busy state. Otherwise, the value of the state indicator is the idle state. The channel
indicator indicates a channel set including channel(s) in the busy state. If the value of
the state indicator for a particular channel set is idle, the corresponding channel
indicator is not present in the PHY-CCA.indication primitive.

FIG. 18(a) illustrates a wideband access method according to the first
embodiment of the present invention. According to the first embodiment of the present
invention, the physical layer CCA indication information may be represented by the
PHY-CCA.indication primitive defined in the legacy wireless LAN system. That is, the

channel indicator of the PHY-CCA.indication primitive may indicate only one of the
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four values of primary, secondary, secondary40, and secondary80. Thus, the channel
indicator of the PHY-CCA.indication primitive indicates the first channel set including
channel(s) in the busy state along the channel set order of P20 channel, S20 channel,
S40 channel and S80 channel. According to the embodiment of FIG. 18(a), the channel
indicator of the PHY-CCA.indication primitive indicates the S40 channel including the
S40A channel in the busy state. That is, the physical layer may report the PHY-
CCA.indication (BUSY, {secondary40}) to the MAC layer. The terminal may transmit
the PPDU through the 40MHz band (i.e., P40 channel) combining the P20 channel and
the S20 channel determined to be idle.

However, in order to transmit the MU PPDU through the non-contiguous
channel allocation as described in FIG. 17, it is necessary to transmit more detailed
physical layer CCA indication information. In order to solve the problem, FIG. 18(b)
illustrates a wideband access method according to the second embodiment of the present
invention. According to the second embodiment of the present invention, the physical
layer CCA indication information may be represented by the newly defined PHY-
CCA.indication primitive. According to the second embodiment of the invention, the
units of the channel set for which the CCA result is reported may be subdivided into
each 20 MHz channel. That is, the channel indicator of the PHY-CCA.indication
primitive may indicate at least one of primary, secondary, secondary40A, secondary40B,
secondary80A, secondary80B, secondary80C, secondary80D, or similar types of 20
MHz channels.

According to the embodiment of the present invention, the channel indicator
of the PHY-CCA.indication primitive reports all of the 20 MHz channel(s) determined
to be busy, among eight 20 MHz channels constituting the 160 MHz band. According to

the embodiment of FIG. 18(b), the channel indicator of the PHY-CCA.indication
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primitive indicates S40A channel and S80B channel which are in busy state. That is, the
physical layer may report the PHY-CCA.indication (BUSY, {secondary40A,
secondary80B}) to the MAC layer. The terminal transmits a PPDU using channels that
are not busy. Referring to FIG. 18(b), the terminal may transmit a non-contiguous
PPDU through channels (i.e., P20, S20, S40B, S80A, S80C, and S80D) other than the
S40A channel and the S80B channel which are determined to be busy.

According to another embodiment of the present invention, the CCA result
per 20 MHz channel may be reported in a bitmap representation. That is, the channel
indicator of the PHY-CCA.indication primitive may indicate the busy/idle state for each
20 MHz channel in a bitmap form. For example, the channel indicator of the PHY-
CCA.indication primitive may consist of a bitmap having a length of 8 bits. Herein,
each bit is set to 1 if the corresponding 20 MHz channel is busy and each bit is set to 0
if the corresponding 20 MHz channel is idle. In this case, the first to eighth bits of the
bitmap indicate the busy/idle state of each of the eight 20 MHz channels in the order of
the lowest frequency to the highest frequency within the 160 MHz (80+80 MHz)
bandwidth.

According to a further embodiment of the present invention, the physical layer
may report the CCA results per 20 MHz channel only if the P20 channel is idle. That is,
the channel indicator of the PHY-CCA.indication primitive indicates all of the 20 MHz
secondary channel(s) determined to be busy among the eight 20 MHz channels
constituting the 160 MHz band only when the P20 channel is idle. Also, if the CCA
result per 20 MHz channel is reported in a bitmap representation, the bit corresponding
to the P20 channel in the bitmap may be set to 0. If the P20 channel is busy, the channel
indicator of the PHY-CCA.indication primitive does not indicate secondary channel

information in units of 20 MHz. That is, the channel indicator of the PHY-
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CCA.indication primitive indicates only the first channel set including the busy
channel(s) as in the legacy wireless LAN system.

FIG. 19 illustrates an embodiment of a method of exchanging and signaling
BQRP and BQR for transmitting a non-contiguous PPDU. Referring to FIG. 19, an AP
that intends to transmit a DL MU PPDU may perform a CCA in a physical layer and
transmit the DL MU PPDU using channels determined to be idle based on the CCA
result. According to an embodiment, an MU-RTS frame may be transmitted to one or
more STAs before transmission of the DL MU PPDU, and sCTS frames may be
transmitted from STAs that have received the MU-RTS frame. However, the MU-RTS
may only be transmitted in the form of PPDUs based on contiguous channel allocation
such as non-HT, non-HT duplicate or HE SU PPDU. Therefore, when the S40A channel
and the S80B channel are busy as in the embodiment of FIG. 19, the MU-RTS may be
transmitted only through the 40 MHz band (i.e., the P40 channel) including the P20
channel and the S20 channel. The AP can receive sCTS frames transmitted in response
to the MU-RTS frame from the STAs, but cannot identify the available channel of each
STA only by exchanging the MU-RTS frame and the sCTS frame.

Therefore, according to the embodiment of the present invention, the AP may
transmit a bandwidth query report poll (BQRP) to help efficient resource allocation for
MU PPDU transmission, and STAs may transmit a bandwidth query report (BQR) in
response thereto . The BQR may include an available channel bitmap field representing
available channel information of the corresponding STA. According to an embodiment,
the BQR may be carried via the control field of the MAC header. The STA may
implicitly carry the BQR through the BQR control field of a frame transmitted to the AP,
or may explicitly carry the BQR through a frame transmitted in response to the BQRP

trigger frame of the AP. According to the embodiment of the present invention, the
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BQR transmitted in response to a BQRP trigger frame may be referred to as a solicited
BQR, and the BQR transmitted regardless of the reception of the BQRP trigger frame
may be referred to as an unsolicited BQR.

According to an embodiment, the AP may transmit a BQRP frame using an
MU PPDU format capable of non-contiguous channel allocation-based transmission.
The AP may determine whether each channel is available to the STA based on the BQR
received from each STA. Through the BQRP/BQR transmission sequence, the AP may
perform a non-contiguous channel allocation-based DL MU PPDU transmission by
checking the available channel information of the STAs. Referring to the embodiment
of FIG. 19, among the channels determined to be idle, the AP transmits the BQRP
respectively to STA1 through the P40 channel, to STA2 through the S40B channel, to
STA3 through the S80A channel, to STA4 through the S80C channel, and to STA 5
through the S80D channel. The BQRP transmitted to STA1, STA2, STA3, STA4 and
STAS can be carried via a non-contiguous MU PPDU. The AP receives BQR from
STA1, STA3 and STAS in response to BQRP. Thus, the AP can identify that the P40
channel is available to STA1, the S80A channel is available to STA3, and the S80D
channel is available to STAS, respectively. However, the AP does not receive the BQR
in response to BQRP from STA2 and STA4. Thus, the AP can identify that the S40B
channel is not available to STA2, and the S80C channel is not available to STA4,
respectively. The AP can perform DL MU PPDU transmission based on the collected
available channel information of each STA.

FIG. 20 illustrates another embodiment of a method of transmitting and
signaling BQR for transmitting a non-contiguous PPDU. As described above, the STA
may implicitly carry the BQR through the BQR control field of the frame transmitted to

the AP. The AP can perform a non-contiguous channel allocation-based DL. MU PPDU
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transmission by checking the available channel information of each STA through the
unsolicited BQR received from the STAs at any time.

First, referring to FIG. 20(a), the BQR may be transmitted through a UL SU
PPDU. The STA that intends to transmit a UL SU PPDU may perform a CCA in the
physical layer and transmit the UL SU PPDU using channels determined to be idle
based on the CCA result. However, the HE SU PPDU may only be transmitted on a
contiguous channel allocation basis. Therefore, when the S40A channel and the SS80B
channel are busy as in the embodiment of FIG. 20(a), the UL SU PPDU may be
transmitted through the 40 MHz band including the P20 channel and the S20 channel. In
this case, the BQR may be carried via the BQR control field of the frame transmitted
through the UL SU PPDU. The BQR may contain available channel information based
on the CCA result detected by the corresponding STA.

Next, referring to FIG. 20(b), the BQR may be transmitted through an HE
trigger-based (TB) PPDU. The STA that intends to transmit an HE-TB PPDU may
perform a CCA in the physical layer and transmit the HE TB PPDU using channels
determined to be idle based on the CCA result. In this case, the BQR may be carried via
the BQR control field of the frame transmitted through the HE TB PPDU. The BQR
may contain available channel information based on the CCA result detected by the
corresponding STA.

As described above, the AP receiving the UL SU PPDU or the HE TB PPDU
containing the BQR may check the available channel information of the corresponding
STA and perform a DL PPDU transmission. Meanwhile, the BQR may indicate the
available channel information according to various embodiments. A specific
embodiment thereof will be described with reference to FIG. 21.

FIG. 21 illustrates a configuration of a BQR according to an embodiment of
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the present invention. According to an embodiment of the present invention, the
available channel information in the BQR may be represented by an available channel
bitmap field. According to an embodiment, the BQR includes a bandwidth indication
field and an available channel bitmap field (or a bandwidth bitmap field). However, the
bandwidth indication field may be omitted from the BQR according to an embodiment.
The bandwidth indication field may represent the total bandwidth through
which the available channel information is carried. According to an embodiment, the
bandwidth indication field may consist of 2 bits and may indicate either 20 MHz, 40
MHz, 80 MHz or 160 MHz (including 80+80 MHz). In addition, the available channel
bitmap field may consist of 8 bits and may indicate availability (or busy/idle state) of
each 20 MHz channel. When the BQR reports available channel information in a total
bandwidth of 20 MHz, the bandwidth indication field indicates 20 MHz (or P20
channel). In addition, when the BQR reports available channel information in a total
bandwidth of 40 MHz, the bandwidth indication field indicates 40 MHz (or P40
channel). In this case, the first bit and the second bit of the available channel bitmap
field indicate availability of each of the two 20 MHz channels in the order of the low
frequency to the high frequency within the 40 MHz bandwidth. Next, when the BQR
reports available channel information in a total bandwidth of 80 MHz, the bandwidth
indication field indicates 80 MHz (or P80 channel). In this case, the first to fourth bits of
the available channel bitmap field indicate availability of each of the four 20MHz
channels in the order from the lowest frequency to the highest frequency within the
80MHz bandwidth. Next, when the BQR reports available channel information in a total
bandwidth of 160 MHz (80+80 MHz), the bandwidth indication field indicates 160
MHz (80+80 MHz) (or P160 channel). In this case, the first to eighth bits of the

available channel bitmap field indicate availability of each of the eight 20MHz channels

- 56 -

408



Our Ref. No.: WILP-180004-US

in the order of the lowest frequency to the highest frequency within the 160MHz
(80+80MHz) bandwidth.

Meanwhile, the BQR may include only the available channel bitmap field
without the bandwidth indication field. In this case, the available channel bitmap field
may consist of 8 bits, and may indicate availability (or busy/idle state) of each 20 MHz
channel. When a 20 MHz channel in which the CCA is not performed according to the
CCA performance capability of the STA is present, the value of the bit of the available
channel bitmap field corresponding to the channel may be set to 1 (i.e., busy state).

According to the embodiment of the present invention, the BQR may indicate
the available channel information in various ways. According to the first embodiment of
the present invention, the STA may explicitly signal, through the bandwidth indication
field, bandwidth information through which the STA can perform the CCA before
transmitting a PPDU including the BQR, and may indicate availability of each channel
within the corresponding bandwidth through the available channel bitmap. For example,
if the STA performed a CCA only for the corresponding 40 MHz bandwidth before
transmitting the 40 MHz PPDU, the bandwidth indication field may indicate 40 MHz
and the available channel bitmap field may carry only the CCA results of two 20 MHz
channels. However, if the STA performs a CCA for a 160 MHz bandwidth that is wider
than the bandwidth of the corresponding PPDU before transmitting the 40 MHz PPDU,
the bandwidth indication field may indicate 160 MHz and the available channel bitmap
field may carry the CCA result of eight 20 MHz channels. In such an embodiment, the
STA may autonomously set the indicated bandwidth of the available channel bitmap
field of the BQR based on its CCA performance capability.

Next, according to the second embodiment of the present invention, the STA

may perform a CCA for the entire band through which the BQRP trigger frame is
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received or the entire band through which the PPDU including the BQR is transmitted,
and may indicate the availability of each channel within the corresponding bandwidth
through the available channel bitmap. In this case, since the bandwidth information for
which the available channel information is transmitted is obvious to the transmitter and
the receiver, the bandwidth indication field may be omitted from the BQR. If there is a
20 MHz channel in which the CCA is not performed according to the CCA performance
capability of the STA among the entire bandwidth in which the PPDU is transmitted,
the STA may not perform the transmission of the unsolicited BQR. According to
another embodiment, if there is a 20 MHz channel in which the CCA is not performed
according to the CCA performance capability of the STA among the entire bands in
which the PPDU is transmitted, the value of the bit of the available channel bitmap field
corresponding to the channel may be set to 1 (i.e., busy state).

Next, according to the third embodiment of the present invention, the STA
may perform a CCA for the total band operated by the BSS to which the corresponding
STA is associated, and may indicate the availability of each channel within the
corresponding bandwidth through the available channel bitmap. If the bandwidth that
the STA can perform the CCA is smaller than the total bandwidth operated by the BSS
according to the CCA performance capability of the STA, the availability of each
channel within the bandwidth in which the STA can perform the CCA may be indicated
through the available channel bitmap. That is, the STA may indicate the availability of
each channel through the available channel bitmap based on a smaller value between the
total bandwidth operated by the BSS and the bandwidth that the STA can perform the
CCA, regardless of the entire band in which the BQRP trigger frame is received or the
entire band in which the PPDU including the BQR is transmitted. In this case, since the

bandwidth information for which the available channel information is transmitted is
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obvious to the transmitter and the receiver, the bandwidth indication field may be
omitted from the BQR. Therefore, the AP may transmit the DL MU PPDU based on the
available channel information of the STA within the entire bandwidth regardless of the
transmission bandwidth of the PPDU carrying the BQRP or BQR.

Although the present invention is described by using the wireless LAN
communication as an example, the present invention is not limited thereto and the
present invention may be similarly applied even to other communication systems such
as cellular communication, and the like. Further, the method, the apparatus, and the
system of the present invention are described in association with the specific
embodiments, but some or all of the components and operations of the present invention
may be implemented by using a computer system having universal hardware
architecture.

The detailed described embodiments of the present invention may be
implemented by various means. For example, the embodiments of the present invention
may be implemented by a hardware, a firmware, a software, or a combination thereof.

In case of the hardware implementation, the method according to the
embodiments of the present invention may be implemented by one or more of
Application Specific Integrated Circuits (ASICSs), Digital Signal Processors (DSPs),
Digital Signal Processing Devices (DSPDs), Programmable Logic Devices (PLDs),
Field Programmable Gate Arrays (FPGAs), processors, controllers, micro-controllers,
micro-processors, and the like.

In case of the firmware implementation or the software implementation, the
method according to the embodiments of the present invention may be implemented by
a module, a procedure, a function, or the like which performs the operations described

above. Software codes may be stored in a memory and operated by a processor. The
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processor may be equipped with the memory internally or externally and the memory
may exchange data with the processor by various publicly known means.

The description of the present invention is used for exemplification and those
skilled in the art will be able to understand that the present invention can be easily
modified to other detailed forms without changing the technical idea or an essential
feature thereof. Thus, it is to be appreciated that the embodiments described above are
intended to be illustrative in every sense, and not restrictive. For example, each
component described as a single type may be implemented to be distributed and
similarly, components described to be distributed may also be implemented in an
associated form.

The scope of the present invention is represented by the claims to be
described below rather than the detailed description, and it is to be interpreted that the
meaning and scope of the claims and all the changes or modified forms derived from the
equivalents thereof come within the scope of the present invention.

[Industrial Applicability]

Various exemplary embodiments of the present invention have been described
with reference to an IEEE 802.11 system, but the present invention is not limited thereto
and the present invention can be applied to various types of mobile communication

apparatus, mobile communication system, and the like.
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[CLAIMS]

1. A wireless communication terminal, the terminal comprising:

a communication unit; and

a processor configured to process signals transmitted and received through the
communication unit,

wherein the processor is configured to:

receive, through the communication unit, a high efficiency multi-user PHY
protocol data unit (HE MU PPDU), wherein a preamble of the HE MU PPDU includes
high efficiency signal A field (HE-SIG-A) and high efficiency signal B field (HE-SIG-
B), and

decode the received HE MU PPDU based on information obtained from the
HE-SIG-A,

wherein a configuration of the HE-SIG-B is identified based on information

obtained from at least one subfield of the HE-SIG-A.

2. The wireless communication terminal of claim 1, wherein when a SIG-B
compression field of the HE-SIG-A indicates full bandwidth MU-MIMO transmission
so that a common field is not present in the HE-SIG-B, a configuration of a user specific
field of the HE-SIG-B is identified based on information obtained from at least one

subfield of the HE-SIG-A.

3. The wireless communication terminal of claim 2, wherein when the SIG-B
compression field of the HE-SIG-A indicates full bandwidth MU-MIMO transmission,
the configuration of the user specific field of the HE-SIG-B is identified based on

information on the number of MU-MIMO users indicated by the HE-SIG-A.
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4. The wireless communication terminal of claim 3,

wherein when the information on the number of MU-MIMO users indicates
two or more users, the user specific field of the HE-SIG-B includes user fields for MU-
MIMO allocation, and

wherein when the information on the number of MU-MIMO users indicates a
single user, the user specific field of the HE-SIG-B includes one user field for non-MU-

MIMO allocation.

5. The wireless communication terminal of claim 4,

wherein the user field for MU-MIMO allocation includes a spatial
configuration field indicating the total number of spatial streams in an MU-MIMO
allocation and the number of spatial streams for each terminal in the MU-MIMO
allocation, and

wherein the user field for non-MU-MIMO allocation includes a number of

space time streams (NSTS) field.

6. The wireless communication terminal of claim 4, wherein the user field for
non-MU-MIMO allocation is a user field based on orthogonal frequency division

multiple access (OFDMA) allocation.

7. The wireless communication terminal of claim 3, wherein when the SIG-B
compression field of the HE-SIG-A indicates full bandwidth MU-MIMO transmission,
the information on the number of MU-MIMO users is indicated by a number of HE-

SIG-B symbols field in the HE-SIG-A.
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8. The wireless communication terminal of claim 1,

wherein the HE-SIG-A includes a UL/DL field indicating whether the PPDU
is transmitted on an uplink or transmitted on a downlink, and

wherein at least one subfield of the HE-SIG-A of the PPDU indicates different

information or is set differently based on a value indicated by the UL/DL field.

9. The wireless communication terminal of claim 8,

wherein when the UL/DL field indicates a downlink transmission, a specific
value of a bandwidth field of the HE-SIG-A indicates a predetermined non-contiguous
band, and

wherein when the UL/DL field indicates an uplink transmission, the specific

value of the bandwidth field of the HE-SIG-A indicates a predetermined narrow band.

10. The wireless communication terminal of claim 9, wherein the

predetermined narrow band includes at least one of a left-106-tone and a right-106-tone.

11. The wireless communication terminal of claim 8§,

wherein when the UL/DL field indicates a downlink transmission, a SIG-B
compression field of the HE-SIG-A indicates whether to perform a full bandwidth MU-
MIMO transmission in which a common field is not present in an HE-SIG-B field, and

wherein when the UL/DL field indicates an uplink transmission, the SIG-B
compression field of the HE-SIG-A always indicates that the common field is not

present in the HE-SIG-B field.
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12. The wireless communication terminal of claim 8, wherein when a SIG-B
compression field of the HE-SIG-A indicates a compression mode of an HE-SIG-B field,

a number of HE-SIG-B symbols field in the HE-SIG-A indicates information
on the number of MU-MIMO users if the UL/DL field indicates a downlink
transmission, and

the number of HE-SIG-B symbols field in the HE-SIG-A indicates

information on the number of OFDM symbols in the HE-SIG-B field.

13. A wireless communication method of a wireless communication terminal,
the method comprising:

receiving a high efficiency multi-user PHY protocol data unit (HE MU
PPDU), wherein a preamble of the HE MU PPDU includes high efficiency signal A
field (HE-SIG-A) and high efficiency signal B field (HE-SIG-B); and

decoding the received HE MU PPDU based on information obtained from the
HE-SIG-A,

wherein a configuration of the HE-SIG-B is identified based on information

obtained from at least one subfield of the HE-SIG-A.

14. The wireless communication method of claim 13, wherein when a SIG-B
compression field of the HE-SIG-A indicates full bandwidth MU-MIMO transmission
so that a common field is not present in the HE-SIG-B, a configuration of a user specific
field of the HE-SIG-B is identified based on information obtained from at least one

subfield of the HE-SIG-A.

15. The wireless communication method of claim 14, wherein when the SIG-
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B compression field of the HE-SIG-A indicates full bandwidth MU-MIMO transmission,
the configuration of the user specific field of the HE-SIG-B is identified based on

information on the number of MU-MIMO users indicated by the HE-SIG-A.

16. The wireless communication method of claim 15,

wherein when the information on the number of MU-MIMO users indicates
two or more users, the user specific field of the HE-SIG-B includes user fields for MU-
MIMO allocation, and

wherein when the information on the number of MU-MIMO users indicates a
single user, the user specific field of the HE-SIG-B includes one user field for non-MU-

MIMO allocation.

17. The wireless communication method of claim 16,

wherein the user field for MU-MIMO allocation includes a spatial
configuration field indicating the total number of spatial streams in an MU-MIMO
allocation and the number of spatial streams for each terminal in the MU-MIMO
allocation, and

wherein the user field for non-MU-MIMO allocation includes a number of

space time streams (NSTS) field.

18. The wireless communication method of claim 16, wherein the user field

for non-MU-MIMO allocation is a user field based on orthogonal frequency division

multiple access (OFDMA) allocation.

19. The wireless communication method of claim 15, wherein when the SIG-
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B compression field of the HE-SIG-A indicates full bandwidth MU-MIMO transmission,
the information on the number of MU-MIMO users is indicated by a number of HE-

SIG-B symbols field in the HE-SIG-A.

20. The wireless communication method of claim 13,

wherein the HE-SIG-A includes a UL/DL field indicating whether the PPDU
is transmitted on an uplink or transmitted on downlink, and

wherein at least one subfield of the HE-SIG-A of the PPDU indicates different

information or is set differently based on a value indicated by the UL/DL field.
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[ABSTRACT]

The present invention relates to a wireless communication method and a
wireless communication terminal for signaling a multi-user packet. More specifically,
provided are a wireless communication terminal including a communication unit; and a
processor configured to process signals transmitted and received through the
communication unit, wherein the processor receives, through the communication unit, a
high efficiency multi-user PHY protocol data unit (HE MU PPDU), wherein a preamble
of the HE MU PPDU includes high efficiency signal A field (HE-SIG-A) and high
efficiency signal B field (HE-SIG-B), and decodes the received HE MU PPDU based on
information obtained from the HE-SIG-A, wherein a configuration of the HE-SIG-B is
identified based on information obtained from at least one subfield of the HE-SIG-A

and a wireless communication method using the same.
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L] The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

SK TELECOM CO., LTD.

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. D A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: To:

The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

3. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
4. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

5. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:] Additional documents in the chain of title are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Y oung Seok Koo 76.255/ December 30, 2019
Signature Date
YOUNG SEOK KOO 76,255
Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark
Office may not be able to process and/or examine your submission, which may result in termination of proceedings
or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
Applicant/Patent Owner: WILUS INSTITUTE OF STANDARDS AND TECHNOLOGY INC. & SK TELECOM CO., LTD.

Application No./Patent No.: Filed/Issue Date:
Titled: WIRELESS COMMUNICATION METHOD AND WIRELESS COMMUNICATION TERMINAL FOR SIGNALING MULTI-USER PACKET
SK TELECOM CO., LTD. , a___ CORPORATION
{Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. D The assignee of the entire right, title, and interest.

2. An assignee of less than the entire right, title, and interest (check applicable box):

L] The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

WILUS INSTITUTE OF STANDARDS AND TECHNOLOGY INC.

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. D A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: To:

The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

3. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
4. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

5. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:] Additional documents in the chain of title are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Young Seok Koo 76,255/ December 30, 2019
Signature Date
YOUNG SEOK KOO 76.255
Printed or Typed Name Title or Registration Number

[Page 2 of 2]

436




Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark
Office may not be able to process and/or examine your submission, which may result in termination of proceedings
or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Client Raf WILP-180004 U5
Wils Refl FNHEWW-180001-US
Qur Ref: B10C10CON G329

ASSIGNMENT

WHEREAS, l/we, Juhyung SON of Gyeongagi-de, Republic of Korea, Jinsam KWAK of Gyeonggi-do,
Republic of Korea, Geonjung KO of Gyeonggi-do, Republic of Korea, and Woojin AHN of Gyeonggi-do.
Repuiblic of Korea (“Assignor”), amvare the inventor(s) of an invention entitled “WIRELESS
COMMUNICATION METHOD AND WIRELESS COMMUNICATION TERMINAL FOR S!GNALING
MULTI-USER PACKET" that is the subject matte: of: {check all that apply)

[x] an application for Letters Patent which daims the pricrity to Korean Patent Application Mo, 10-2017-
003147 filad orvdanuary 8, 2017,

[x1 an application for Letters Patent which daims the priority to Korean Patent Application No. 10-2017-
{0027 fied onJanuary 18, 2017,

[x] an application made under the Patent Cooperation Treaty waieh is identifiable at WIPC by or
clainung the berefit of or prionity (o Application No. PCTKR2018/000443 filed on Januan 8. 2018,

[x} an application for Lettars FPatent which is identifiable in the Palent Office of __US by Application
MNo. _16/505,664  filed onJuly 8, 2019

WHEREAS, (1) WILUS INSTITUTE OF STANDARDS AND TECHNOLOGY ING. , an institute organ:zed
and existing under the Iaws of Reggbhc of Korea, and having offices at 5F 216 Hwangsaeul-ro Bundang-

S M-S G Reiublic of Korea and (2) SK TELECOM CO., LTD., a corporation
arganized and emstmg under 1he laws of Republic of Korea (“As&gnee }. and having offices at 85, Eulji-ro
Jung-tu Seoul 04539, Regublic of Korea, are desirous of acquiring the entire right, title and interestin
and to the invention, the applications, and anyand-all Letters Patent or similar foseign or domestic legal
protection

[x] in the United States
[ ] in all otfier countries or jurisdictions;

"NOW THEREFORE, for good:and valuable consideration, the receipt and adequacy of which is hereby
acknowledged,

a) Assignors agree to transfer, and
b} Assignors do hereby transfer,

1o Assignee, its successors and assigns, effective as of January 9, 2017, nunc pro tunc, Assignors’ entire
right, title and interest in the above-nairied countries and jurisdictions in and to the following #icluding the
right to sue for past infringement: the invention, the abave-identified applications, all applications from
which any of the above-identified applicat ons'clam priavity, ‘corresponding U.S. and non-U.S.
applications, any continuation, contlnuallon-m-part division, renewal, ‘'or substitite for the apphcatlons all
Letters Patent for the applications, any reissue, re-examination; or similar legal protection issuing related
to the Letters Patent, and all rights and benefits under any applicable treaty or convention, and Assignors
authorize the Director of the United States Patent and Trademark Office or foreign equivalent to issue the
Letters Patent or similar legal protection to the Assignee.

Assignors authorize the U.S. attorneys handling the above application(s} or:patent(s) for the invention and
the Assignee, its successors and assigns, to insert'in this insttument the filing date(s), and application
sand patent number(s} when ascertained, for the above applications and patents and to :nsert any
necessary missing litles, Assignors further authorize the Assignee, its successors and assigns, or anyone
it may properly designate, to apply for Letters Patent or similar legal protection in its own name if desired,
in‘the above-named countries and jurisdictions:and appoint Assignee the commos regiresentative in the
above-identified international application and any international agplication for the invention.
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Client Ref: WILP-180004-US
Wilus Ref: FNHEWW-180001-US
OurRef: B-10010CON632112-9

Assignors represent to tha Assignes, s succassors and assigns, that Assignors shall not execute any
writing or do any act whatsocever conflicting with this Assignment. - Assighors, its executors of
administrators, will at any time upon request, without additional consideration, bist at the reasonable
expense of the Assignee, iis succassors and assigns, execuls and deliver 1o Assignes or ils legal
represantatives such addilional writings and do such additional acls as the Assignes, s successors and
assigns, may deem desirable to pedect its enjoyment of his grant, and render all assistance in making
applcation for-and ohtaining, swaintaining, and-enforcing the Letters Patent or similar fegal protection on
ihe invention inany and alf counties and jurisdictions, including without limitation providing testimony in
any related interference, Bligation or procseding. To the exdent that Assignors, ifs executors or
adrinistrators are unable or unavailabie fo executa and deliver to Assignes or its legal representatives
such additonal writings and do such additional acts as Assignee, it successors and assigns may deem
desirable to parfact its enjoyment of this grant, and render all assistance i making application forand
obtaining, maintaiing, and enforcing the Leblers Patent or simiar legal protection on the invention inany
and all countries and jurisdictions, Assignors, aur executars or ;3dminis{,ra't-:>rs heraby authorize Assignes,
its successors and assigns to act on Assighors’ behalf,

if any provision of this Asgignment is held unenforceable orin condlict with the faw of any jurisdiction; the
validity of the remaining provisions will not be affected by such holding and the part held unenforceabls in
of i sontiict with tha law of one jurisdiction will remain in effact for other jurisdictions untll held
unanforceable or in condlict with the law of that jurisdiction.

Assighors and Assignee hereby irrevocably waive and agree not to assert i any suil, action, or
praceeding, any claim that it is not parsonally subjedt 16 the jurisdiction of any such caun, that such suit;
action, or procesding is brought in a0 inconvenient forum or that the venue of such suit, action or
proceading s impropar. Eachiparly haereby irrevocably waives personal sarvice of process and consents
to process being served in any such suit, action or proceeding by mailing 2 copy thereof {certified or
registared mall, returm receipt requested, or any forgign equivalent of such-mail service I the address in
gffect for notices is in & foreign country o ter :tmry) fo such party at the address in effect for notices o it
under this askignment and agrees thal such service shall constitite good and sufficiant service of process
agnd notice thersof. Nothing contained harein shall be deemed fo Bmitin any way any rght 1o sévve
process i any manner parmitied by law.

Assignors agree not to fake any achion, or o assist or requiest-any third parly inchallenging or opposing
Assignea’s rights granted hereunder. Assignors further acknowladges thal Assignes’s patent counsel does
not represent Assignors personally and acknowledge that Assignors have the right o seel independent
counsal

Juhyung SON

{Inventor / Assignor)

g

y P

. ;D/[y]e \.\ ,\.‘{"/! )
Date Sl

5
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fnsam KWAK

{Inventor f Assignor

S Y - \:_;
[ L2 ',:}, B v%
Date &

Beonjung KO

{imventor / Assignor)

—r e el
AR ARG k\ i L

Tate

Waoohn AHN

finventor { Assignorn

fS - vj\AV\L

Date
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PTQUBRIEE (11-08)

Appraved for yse through 1130/2020. OME 0851-0038

0.5, Patentang Teatamerk ORice: 1L S. DEPARTMENT OF COMMERGE

Urnder the Paprwork Refuaticn St 1995, 60 Dersons &0 reruired 1o resp o W 8 Bt of infaphatioy undeas T splays svalid OMEB contra muanber:

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTG

{ heraby revole all previous powsrs of attarnsy given in the application identiffed in the atlached statement under
37 OFR 3738

| heraby appoint

Fradtitioners assonigied with the Qustomer Numbern: 158747

% Practitionas(s) namad batow (i morg than ten patent practitionsrs ame fo benamed, theh acustomer number must be used)

Name Regisiration
Mumber

pame Registration
fumber

as affornay{s} of agentis} to represent the undarsigned before the United Siales Patant and Trademark Otfice {LUSPTO) In conneciian with
any and 2l patert applications assigned ondy 1o the undarsigned acoording fo the USP TO assignment reconds arassignment dosuments
atlached {0 this form in accandance with 37 CFR 3. 73(b}.

Pioase shiangs the comespondence addrass or the application identified in the aftached siatement pnder 37 TFR 3.73(b) ta:

- 2eir
L*fj The address assovisted with Customer Mambes 168747
28
Fiom or
Indlividual Name
Addeass

City

Courdsy

Telephuna

Assignes Name and Address:

WILUS INSTITUTE OF STANDARDS AND TECHNOLDGY NG
5F 218 Hwangsasul-ro Bundang-gu

Seongham-si, Gyeonggi-do, 13585 Republic of Korea

& copy of this form, together with x staterment under 37 OFR ATIUB) {(Form PTO/SRISE or syuivalent) is reguimnd fo bes
filed in sach application in which this form s ussd. The statemsnt ender 37 CFR 3.73{b) may be completed by oneof
the praciitionsrs appointed in Guis form if the appointed practitioner i authorized to act on behalf of the assignes,
and must identify the application in which this Power of Attorney is 1o be filed.

. ‘ffssi%:aw&a of Assignas of Recerd
& 'sm? Fand Hile i suppiicd bebow Is wuthorized 10 acton behadf of the gasignee

This individual whoses

[ignature (,»
FENSRIRRSNNC MRy SR
Nams . TSRS £ AN o
RS £
Titie R
N S cotlention of infymation i requited hy 87 GER 4,31, 1.32 and 1,230 The digrmation v raquired to-oblain or retain a bensfi by e pundic which is ko fite {and
¥ the UBPTO fo processy an appiosiion. Gonfidentiaity is governsg By 38 BB L 122 ang 3T.GFR1 1T ang 1014, Thiz collection is estimated totake 3

By temp's*e rluding gathering, preparing, and submilting the compiztad appficatizer formy to the USFTO. Time will vary dapsading upon *ne isivisiual crae, A.ﬂy
comments -on the amount of fime you requies i compiebe s Torm andior suggssiions foe redusing this burden, shinuld be sent ix fhe Chief informastion Offic

B, Patarg and Trademsrk Ofice, 1LY, Depadment of Commeyce, P33 Bax 1350, Alsxandriz, WA J3313-1480, DO NOT SEND S:. S COMPLETED
FORMS Ti THIS ADDRESS. 3BND 19! Commissioner for Priants, B.O, Box 1488, alexandria, W8 22313-1458.

If you necd assistance in completing the form, call 1-800-PTO819¢ and selectoplion 2
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PSRN
< QB ""‘«& 25
OF COMMERGE
\;13 SO Ui

Appraved fov dse EHeGlgh
1.8, Patent and Trademark {ttics UL % {}F
aca ectinn of infurmation u: sass ‘1 a lays

n'n'

Linger the Fapersork Reduction At of 1885, no persans are requires te n:sacrmt

§ haraby ravoke all pravious gowsrs of attarnsy given in the applination ider

fried i the altached stadanment undsr
A7 CER 3.7, :

{ hereby appoint

ionsre gsssotiated with the Custumey Nussher 158747

PO
§
i ! Fractitionavs) hamad below {f more than ten patent practitioners arg 1o be named: then a cistomer number st be vsedl

oo

Napvig Regiatration Nawvie

Nusribiey

E e undersigned detore the United &t st ang Teademark Offics (DBPTO) in conasshion with
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