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METHOD FOR UPLINK MULTI-USER
TRANSMISSION IN WIRELESS
COMMUNICATION SYSTEM AND
APPARATUS THEREFOR

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a Reissue Application of U.S. appli-
cation Ser. No. 15/505,561, filed on Feb. 21, 2017, now U.S.
Pat. No. 10,128,925 issued on Nov. 13, 2018, which 1s the
National Stage filing under 35 U.S.C. 371 of International
Application No. PCT/KR2015/008845, filed on Aug. 24,
20135, which claims the benefit of U.S. Provisional Appli-
cation No. 62/040,431, filed on Aug. 22, 2014, 62/049,368,
filed on Sep. 12, 2014 and 62/120,883 filed on Feb. 26, 2015,
the contents ol which are all hereby incorporated by refer-
ence herein 1n their entirety.

TECHNICAL FIELD

The present invention relates to a wireless communication
system, and more particularly, to a method for performing or
supporting uplink multi-user transmission and an apparatus
for supporting the same.

BACKGROUND ART

Wi-F1 1s a wireless local area network (WLAN) technol-
ogy which enables a device to access the Internet 1 a
frequency band of 2.4 GHz, 5 GHz or 60 GHz.

A WLAN 1s based on the institute of electrical and
clectronic engineers (IEEE) 802.11 standard. The wireless
next generatlon standing committee (WNG SC) of IEEE
802.11 1s an ad-hoc committee which 1s worried about the
next-generation wireless local area network (WLAN) 1n the
medium to longer term.

IEEE 802.11n has an object of increasing the speed and
reliability of a network and extending the coverage of a
wireless network. More specifically, IEEE 802.11n supports
a high throughput (HT) prowdmg a maximum data rate of
600 Mbps. Furthermore, in order to minimize a transfer error
and to optimize a data rate, IEEE 802.11n 1s based on a
multiple inputs and multiple outputs (MIMO) technology in
which multiple antennas are used at both ends of a trans-
mission unit and a reception umnit.

As the spread of a WLAN 1s activated and applications
using the WLAN are diversified, in the next-generation
WLAN system supporting a very high throughput (VHT)
IEEE 802.11ac has been newly enacted as the next version
of an IEEE 802.11n WL AN system. IEEE 802.11ac supports
a data rate of 1 Gbps or more through 80 MHz bandwidth
transmission and/or higher bandwidth transmission (e.g.,
160 MHz), and chiefly operates in a 5 GHz band.

Recently, a need for a new WLAN system for supporting
a higher throughput than a data rate supported by IEEE
802.11ac comes to the fore.

The scope of IEEE 802.11ax chiefly discussed in the

next-generation WLAN task group called a so-called IEEE
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802.11ax or high ethciency (HEW) WLAN includes 1) the
improvement of an 802.11 physical (PHY) layer and
medium access control (MAC) layer in bands of 2.4 GHz, 5
GHz, etc., 2) the improvement of spectrum efliciency and
arca throughput, 3) the improvement of performance 1in
actual indoor and outdoor environments, such as an envi-
ronment 1n which an mterference source 1s present, a dense
heterogeneous network environment, and an environment in
which a high user load 1s present and so on.

A scenario chiefly taken into consideration in IEEE
802.11ax 1s a dense environment in which many access
points (APs) and many stations (STAs) are present. In IEEE
802.11ax, the improvement of spectrum efliciency and area
throughput 1s discussed 1n such a situation. More specifi-
cally, there 1s an interest in the improvement of substantial
performance 1n outdoor environments not greatly taken into
consideration in existing WLANs i1n addition to indoor
environments.

In IEEE 802.11ax, there 1s a great interest i scenarios,
such as wireless oflices, smart homes, stadiums, hotspots,
and buildings/apartments. The improvement of system per-
formance 1n a dense environment 1n which many APs and
many STAs are present 1s discussed based on the corre-
sponding scenarios.

In the future, 1t 1s expected 1 IEEE 802.11ax that the
improvement of system performance in an overlapping basic
service set (OBSS) environment, the improvement of an
outdoor environment, cellular offloading, and so on rather
than single link performance improvement 1n a single basic
service set (BSS) will be actively discussed. The directivity
of such IEEE 802.11ax means that the next-generation
WLAN will have a technical scope gradually similar to that
of mobile communication. Recently, when considering a
situation 1 which mobile communication and a WLAN
technology are discussed together 1n small cells and direct-

to-direct (D2D) communication coverage, 1t 1s expected that
the technological and business convergence ol the next-

generation WLAN based on IEEE 802.11ax and mobile
communication will be further activated.

DETAILED DESCRIPTION OF INVENTION

Technical Problem

An object of the present invention 1s to propose an uplink
multi-user transmission procedure 1n a wireless communi-
cation system.

Further, an object of the present invention 1s to propose a
type a trigger frame for supporting various uplink multi-user
transmission 1 a wireless communication system and the
resulting structure of the trigger frame.

The objects of the present invention are not limited to the
technical objects described above, and other technical
objects not mentioned herein may be understood to those
skilled 1n the art from the description below.

Technical Solution

According to an aspect of the present invention, a method
for performing uplink (UL) multi-user (MU) transmission
by a station (STA) 1mn a wireless communication system,
includes: receiving a trigger frame including information for
UL MU transmission from an access point (AP); and trans-
mitting a UL MU PPDU based on the information for the UL
MU transmission, wherein the trigger frame 1s a medium
access control (MAC) frame, an MAC header of the trigger
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frame 1ncludes a type field and a subtype field, and the type
of the trigger frame 1s mdicated by the type field and the
subtype field.

According to another aspect of the present invention, a
station (STA) apparatus for performing uplink (UL ) multi-
user (MU) transmission in a wireless communication sys-
tem, includes: a radio frequency (RF) unit for transmitting/
receiving a wireless signal; and a processor, wherein the
processor 1s configured to receive a trigger frame including,

information for UL MU transmission from an access point
(AP), and transmit a UL MU PPDU based on the informa-

tion for the UL MU transmission, the trigger frame 1s a
medium access control ((MAC) frame, an MAC header of the
trigger frame 1ncludes a type field and a subtype field, and
the type of the trigger frame 1s 1ndicated by the type field and
the subtype field.

According to yet another aspect of the present invention,
a method for supporting uplink (UL) multi-user (MU)
transmission by an access point (AP) 1n a wireless commu-
nication system, includes: transmitting a trigger frame

including information for UL MU transmaission to a station
(STA); and recerving a UL MU PPDU based on the infor-
mation for the UL MU transmission, wherein the trigger
frame 1s a medium access control (MAC) frame, an MAC
header of the trigger frame includes a type field and a
subtype field, and the type of the trigger frame 1s indicated
by the type field and the subtype field.

According to still yet another aspect of the present inven-
tion, an access point (AP) apparatus for supporting uplink
(UL) multi-user (MU) transmission 1n a wireless communi-
cation system, includes: a radio frequency (RF) unit for
transmitting/receiving a wireless signal; and a processor,
wherein the processor 1s configured to transmit a trigger
frame 1ncluding information for UL MU transmission to a
station (STA), and recetve a UL MU PPDU based on the
information for the UL MU transmission, the trigger frame
1s a medium access control (MAC) frame, an MAC header
of the trigger frame includes a type field and a subtype field,
and the type of the trigger frame 1s indicated by the type field
and the subtype field.

Preferably, when the trigger frame 1s a type for triggering,
transmission of a UL MU data frame, the trigger {frame may
include an association 1dentifier (AID), space resource ndi-
cation information for the UL MU PPDU, frequency
resource indication information for the UL MU PPDU, and
length 1information of the UL MU PPDU for each of STA
performing the UL MU transmission.

Preferably, the trigger frame may further include a modu-
lation and coding scheme (MCS) level mndex and whether
space time block coding (STBC) are applied to the UL MU
PPDU.

Preferably, when the trigger frame 1s a type for triggering
transmission of a downlink (DL) channel status report
frame, the trigger frame may include the association i1den-
tifier (AID), the space resource indication information for
the UL MU PPDU, the frequency resource indication infor-
mation for the UL MU PPDU, and information for measur-
ing a DL channel for each STA performing the UL MU
transmission.

Preferably, null data packet (NDP) for measuring the DL
channel may be recerved from the AP.

Preferably, the information for measuring the DL channel
may include the position of a channel to be measured and a
channel measurement reporting method, the position of the
channel to be measured may indicate a spatial stream and a
frequency region which are a channel measurement object,
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and the channel measurement reporting method may 1ndi-
cate the unit of the frequency region for reporting a result of
measuring the channel.

Preferably, the trigger frame may further include infor-
mation indicating whether a modulation and coding scheme

(MCS) level index and space time block coding (STBC) are

applied to the UL MU PPDU and length information of the
UL MU PPDU.

Preferably, when the trigger frame 1s a type for triggering
transmission ol a random access frame, a probe request
frame, or a bufler status report (BSR) frame, the trigger
frame may include a broadcast association 1dentifier (AID).

Preferably, the trigger frame may further include trans-
mission resource umt information of the UL MU PPDU.

Preferably, the UL MU PPDU may be transmitted through

a transmission resource which the STA arbitrarily selects
according to the transmission resource unit iformation.
Preferably, the trigger frame may further include the
information indicating whether the modulation and coding
scheme (MCS) level index and the space time block coding,
(STBC) are applied to the UL MU PPDU, transmittable
frequency resource indication information of the UL MU
PPDU, and the length information of the UL MU PPDU.
Preferably, when the trigger frame 1s a type for triggering
transmission of a control frame, the trigger frame may
include the association identifier (AID), space resource

indication information for the UL MU PPDU, and frequency
resource indication information for the UL MU PPDU for
cach STA performing the UL MU transmaission.
Preferably, the trigger frame may further include the
information indicating whether the modulation and coding

scheme (MCS) level index and the space time block coding,
(STBC) are applied to the UL MU PPDU and control type
information for distinguishing the control frame.

Advantageous Eflects

According to embodiments of the present invention, a
plurality of users can smoothly perform/support uplink
multi-user transmission through different independent
resources 1n a wireless communication system.

Further, according to the embodiments of the present
invention, various types of uplink multi-user transmission
can be performed/supported using various types of trigger
frames 1n the wireless communication system.

The techmical eflects of the present invention are not
limited to the technical effects described above, and other
technical effects not mentioned herein may be understood to
those skilled 1n the art from the description below.

DESCRIPTION OF DRAWINGS

The accompanying drawings, which are included herein
as a part of the description for help understanding the present
invention, provide embodiments of the present invention,
and describe the technical features of the present invention
with the description below.

FIG. 1 1s a diagram illustrating an example of IEEE
802.11 system to which the present invention may be
applied.

FIG. 2 1s a dlagram exemplifying a structure of layer
architecture 1 IEEE 802.11 system to which the present
invention may be applied.

FIG. 3 exemplifies a non-HT format PPDU and an HT
tormat PPDU of a wireless communication system to which
the present invention may be applied.
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FIG. 4 exemplifies a VHT format PPDU of a wireless
communication system to which the present invention may
be applied.

FIG. 5 1s a diagram exemplifying a constellation for
distinguishing a format of PPDU in a wireless communica-
tion system to which the present mvention may be applied.

FIG. 6 exemplifies a MAC frame format in IEEE 802.11
system to which the present invention may be applied.

FI1G. 7 1s a diagram 1illustrating a frame control field in an
MAC frame 1n the wireless commumnication system to which
the present invention may be applied.

FIG. 8 1s a view 1illustrating a VHT format of an HT
control field 1 a wireless communication system to which
the present invention 1s applicable.

FIG. 9 1s a diagram 1llustrating a random backoil period
and a frame transmission procedure 1n a wireless commu-
nication system to which an embodiment of the present
invention may be applied.

FIG. 10 1s a diagram 1illustrating an IFS relation 1n a
wireless communication system to which an embodiment of
the present invention may be applied.

FI1G. 11 1s a diagram for conceptually describing a channel
sounding method 1n the wireless communication system to
which the present ivention can be applied.

FIG. 12 1s a diagram 1illustrating a VHT NDPA frame in
the wireless communication system to which the present
invention may be applied.

FIG. 13 1s a diagram 1illustrating an NDP PPDU 1n the
wireless communication system to which the present inven-
tion may be applied.

FIG. 14 1s a diagram illustrating a VHT compressed
beamforming frame format in the wireless communication
system to which the present invention may be applied.

FIG. 135 1s a diagram illustrating a beamforming report
poll frame format 1n the wireless communication system to
which the present invention may be applied.

FIG. 16 1s a diagram 1illustrating a Group 1D management
frame 1n the wireless communication system to which the
present invention may be applied.

FIG. 17 1s a view 1illustrating a downlink (DL) multi-user
PPDU format in a wireless communication system to which
the present mnvention 1s applicable.

FIG. 18 1s a view illustrating a DL multi-user PPDU
format 1n a wireless communication system to which the
present mvention 1s applicable.

FIG. 19 1s a diagram 1illustrating a downlink MU-MIMO
transmission process 1n the wireless communication system
to which the present invention may be applied.

FI1G. 20 1s a view 1llustrating an ACK frame in a wireless
communication system to which the present mvention 1is
applicable.

FIG. 21 15 a view 1llustrating an ACK block request frame
in a wireless communication system to which the present
invention 1s applicable.

FIG. 22 1s a view 1llustrating a BAR information field of
a block ACK request frame in a wireless communication
system to which the present invention 1s applicable.

FIG. 23 1s a view illustrating a block ACK frame 1n a
wireless communication system to which the present inven-
tion 1s applicable.

FI1G. 24 1s a view 1llustrating a BA information field of the
block ACK frame 1n a wireless commumnication system to
which the present invention 1s applicable.

FIG. 25 1s diagrams 1illustrating a high efliciency (HE)
tformat PPDU according to an embodiment of the present
invention.
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FIGS. 26 to 28 are a diagram illustrating an HE format
PPDU according to an embodiment of the present invention.

FIG. 29 1s a view 1llustrating an HE format PPDU of an
20 MHz band according to an embodiment of the present
invention.

FIG. 30 1s a view 1illustrating an HE format PPDU of 40
MHz band according to an embodiment of the present
invention.

FIG. 31 1s a diagram illustrating an uplink multi-user
transmission procedure according to an embodiment of the
present mvention.

FIG. 32 1s a view 1llustrating a resource allocation unit 1n
an OFDMA MU transmission scheme according to an
embodiment of the present invention.

FIGS. 33 to 35 are diagrams illustrating the structure of a
trigger frame according to an embodiment of the present
invention.

FIGS. 36 to 40 are diagrams illustrating a method for
uplink multi-user transmission according to an embodiment
of the present invention.

FIG. 41 illustrates an 802.11 network environment to
which the present mnvention can be applied.

FIGS. 42 to 45 are diagrams illustrating an active scan-
ning process according to an embodiment of the present
invention.

FIG. 46 1s a diagram 1illustrating the structure of a broad-
cast trigger frame according to an embodiment of the present
invention.

FIG. 47 1s a block diagram illustrating a wireless appa-
ratus according to an embodiment of the present invention.

MODE FOR INVENTION

Heremnaftter, a preferred embodiment of the present inven-
tion will be described by reference to the accompanying
drawings. The description that will be described below with
the accompanying drawings 1s to describe exemplary
embodiments of the present invention, and 1s not intended to
describe the only embodiment 1n which the present inven-
tion may be implemented. The description below includes
particular details in order to provide perfect understanding
of the present invention. However, 1t 1s understood that the
present mnvention may be embodied without the particular
details to those skilled 1n the art.

In some cases, 1n order to prevent the technical concept of
the present invention from being unclear, structures or
devices which are publicly known may be omitted, or may
be depicted as a block diagram centering on the core
functions of the structures or the devices.

Specific terminologies used 1n the description below may
be provided to help the understanding of the present inven-
tion. And, the specific terminology may be modified into
other forms within the scope of the technical concept of the
present mvention.

The following technologies may be used i a variety of
wireless communication systems, such as code division
multiple access (CDMA), {requency division multiple
access (FDMA), time division multiple access (TDMA),
orthogonal frequency division multiple access (OFDMA),
single carrier Ifrequency division multiple access (SC-
FDMA), and non-orthogonal multiple access (NOMA).
CDMA may be implemented using a radio technology, such
as universal terrestrial radio access (UTRA) or CDMA2000.
TDMA may be implemented using a radio technology, such
as global system for Mobile communications (GSM)/gen-
eral packet radio service (GPRS)/enhanced data rates for
GSM evolution (EDGE). OFDMA may be implemented
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using a radio technology, such as institute of electrical and
clectronics engineers (IEEE) 802.11 (Wi1-Fi1), IEEE 802.16

(WlMAX) IEEE 802.20, or evolved UTRA (E-UTRA).
UTRA 1s part of a universal mobile telecommunications
system (UMTS). 3rd generation partnership project (3GPP)
long term evolution (LTE) 1s part of an evolved UMTS
(E-UMTS) using evolved UMTS terrestrial radio access
(E-UTRA), and it adopts OFDMA 1n downlink and adopts
SC-FDMA 1n uplink. LTE-advanced (LTE-A) 1s the evolu-
tion of 3GPP LTE.

Embodiments of the present invention may be supported
by the standard documents disclosed 1n at least one of IEEE
802, 3GPP, and 3GPP2, that 1s, radio access systems. That 1s,
steps or portions that belong to the embodiments of the
present invention and that are not described i1n order to
clearly expose the technical spint of the present invention
may be supported by the documents. Furthermore, all terms
disclosed 1n this document may be described by the standard
documents.

In order to more clarity a description, IEEE 802.11 1s
chuefly described, but the technical characteristics of the
present mvention are not limited thereto.

General System

FIG. 1 1s a diagram showing an example of an IEEE
802.11 system to which an embodiment of the present
invention may be applied.

The IEEE 802.11 configuration may include a plurality of
clements. There may be provided a wireless communication
system supporting transparent station (STA) mobility for a
higher layer through an 1nteraction between the elements. A
basic service set (BSS) may correspond to a basic configu-

ration block 1n an IEEE 802.11 system.
FIG. 1 1illustrates that three BSSs BSS 1 to BSS 3 are

present and two STAs (e.g., an STA 1 and an STA 2 are
included 1n the BSS 1, an STA 3 and an STA 4 are included
in the BSS 2, and an STA 5 and an STA 6 are included in the
BSS 3) are included as the members of each BSS.

In FIG. 1, an ellipse indicative of a BSS may be inter-
preted as being indicative of a coverage area 1n which STAs
included 1n the corresponding BSS maintain communica-
tion. Such an area may be called a basic service area (BSA).
When an STA moves outside the BSA, it 1s unable to directly
communicate with other STAs within the corresponding
BSA.

In the IEEE 802.11 system, the most basic type of a BSS
1s an mdependent a BSS (IBSS). For example, an IBSS may
have a minimum form including only two STAs. Further-
more, the BSS 3 of FIG. 1 which 1s the simplest form and
from which other elements have been omitted may corre-
spond to a representative example of the IBSS. Such a
configuration may be possible i STAs can directly commu-
nicate with each other. Furthermore, a LAN of such a form
1s not previously planned and configured, but may be
configured when 1t 1s necessary. This may also be called an
ad-hoc network.

When an STA 1s powered ofl or on or an STA enters into
or exits from a BSS area, the membership of the STA 1n the
BSS may be dynamically changed. In order to become a
member of a BSS, an STA may join the BSS using a
synchronization process. In order to access all of services 1n
a BSS-based configuration, an STA needs to be associated
with the BSS. Such association may be dynamically con-
figured, and may include the use of a distribution system
service (DSS).

In an 802.11 system, the distance of a direct STA-to-STA
may be constrained by physical layer (PHY ) performance. In
any case, the limit of such a distance may be suflicient, but
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communication between STAs 1n a longer distance may be
required, 1 necessary. In order to support extended cover-
age, a distribution system (IDS) may be configured.

The DS means a configuration in which BSSs are inter-
connected. More specifically, a BSS may be present as an

clement of an extended form of a network including a
plurality of BSSs 1nstead of an independent BSS as 1n FIG.
1.

The DS 1s a logical concept and may be specified by the
characteristics of a distribution system medium (DSM). In
the IEEE 802.11 standard, a wireless medium (WM) and a
distribution system medium (DSM) are logically divided.
Each logical medium 1s used for a different purpose and used
by a different element. In the definition of the IEEE 802.11
standard, such media are not limited to the same one and are
also not limited to different ones. The flexibility of the
configuration (1.e., a DS configuration or another network
configuration) of an IEEE 802.11 system may be described
in that a plurality of media 1s logically different as described
above. That 1s, an IEEE 802.11 system configuration may be
implemented 1n various ways, and a corresponding system
configuration may be independently specified by the physi-
cal characteristics of each implementation example.

The DS can support a mobile device by providing the
seamless integration of a plurality of BSSs and providing
logical services required to handle an address to a destina-
tion.

An AP means an entity which enables access to a DS
through a WM with respect to associated STAs and has the
STA functionality. The movement of data between a BSS
and the DS can be performed through an AP. For example,
cach of the STA 2 and the STA 3 of FIG. 1 has the
functionality of an STA and provides a function which
enables associated STAs (e.g., the STA 1 and the STA 4) to
access the DS. Furthermore, all of APs basically correspond
to an STA, and thus all of the APs are entities capable of
being addressed. An address used by an AP for communi-
cation on a WM and an address used by an AP for commu-
nication on a DSM may not need to be necessarily the same.

Data transmitted from one of STAs, associated with an
AP, to the STA address of the AP may be always received by
an uncontrolled port and processed by an IEEE 802.1X port
access entity. Furthermore, when a controlled port 1s authen-
ticated, transmission data (or frame) may be delivered to a
DS.

A wireless network having an arbitrary size and complex-
ity may include a DS and BSSs. In an IEEE 802.11 system,
a network of such a method 1s called an extended service set
(ESS) network. The ESS may correspond to a set of BSSs

connected to a single DS. However, the ESS does not
include a DS. The E

ESS network 1s characterized 1n that 1t
looks like an IBSS network in a logical link control (LLC)
layer. STAs included 1n the ESS may communicate with
cach other. Mobile STAs may move from one BSS to the
other BSS (within the same ESS) in a manner transparent to
the LLC layer.

In an IEEE 802.11 system, the relative physical positions
of BSSs in FIG. 1 are not assumed, and the following forms
are all possible.

More specifically, BSSs may partially overlap, which is a
form commonly used to provide consecutive coverage.
Furthermore, BSSs may not be physically connected, and
logically there 1s no limit to the distance between BSSs.
Furthermore, BSSs may be placed 1n the same position
physically and may be used to provide redundancy. Further-
more, one (or one or more) IBSS or ESS networks may be
physically present in the same space as one or more ESS
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networks. This may correspond to an ESS network form it
an ad-hoc network operates at the position in which an ESS
network 1s present, 1f IEEE 802.11 networks that physically
overlap are configured by diflerent organizations, or 1f two
or more different access and security policies are required at
the same position.

In a WLAN system, an STA 1s an apparatus operating in
accordance with the medium access control (MAC)/PHY
regulations of IEEE 802.11. An STA may include an AP STA
and a non-AP STA unless the functionality of the STA 1s not
individually different from that of an AP. In this case,
assuming that communication 1s performed between an STA

and an AP, the STA may be iterpreted as being a non-AP
STA. In the example of FIG. 1, the STA 1, the STA 4, the
STA S, and the STA 6 correspond to non-AP STAs, and the
STA 2 and the STA 3 correspond to AP STAs.

A non-AP STA corresponds to an apparatus directly
handled by a user, such as a laptop computer or a mobile
phone. In the following description, a non-AP STA may also
be called a wireless device, a terminal, user equipment (UE),
a mobile station (MS), a mobile terminal, a wireless termi-
nal, a wireless transmit/receive unit (WTRU), a network
interface device, a machine-type communication (MTC)
device, a machine-to-machine (M2M) device or the like.

Furthermore, an AP 1s a concept corresponding to a base
station (BS), a node-B, an evolved Node-B (eNB), a base
transceiver system (BTS), a femto BS or the like 1n other
wireless communication fields.

Hereinafter, in this specification, downlink (DL) means
communication from an AP to a non-AP STA. Uplink (UL)
means communication from a non-AP STA to an AP. In DL,
a transmitter may be part of an AP, and a recerver may be
part of a non-AP STA. In UL, a transmitter may be part of
a non-AP STA, and a receiver may be part of an AP.

FIG. 2 1s a dlagram exemplilying a structure of layer
architecture 1n IEEE 802.11 system to which the present
invention may be applied.

Referring to FIG. 2, the layer architecture in the IEEE
802.11 system may include Medium Access Control (MAC)
sublayer/layer and PHY sublayer/layer.

The PHY sublayer may be divided into a Physical Layer
Convergence Procedure (PLCP) enfity and a Physical
Medium Dependent (PMD) entity. In this case, the PLCP
entity performs a role of connecting the MAC sublayer and
a data frame, and the PMD entity performs a role of
wirelessly transmitting and receiving data with two or more
STAs.

Both of the MAC sublayer and the PHY sublayer may
include management entities, and each of them may be
referred to MAC Sublayer Management Entity (MLME) and
Physical Sublayer Management Entity (PLME), respec-
tively. These management entities provide a layer manage-
ment service interface through an operation of layer man-
agement function. The MLME may be connected to the
PLME, and perform a management operation of MAC
sublayer, and similarly, the PLME may be connected to the
MLME, and perform a management operation of PHY
sublayer.

In order to provide an accurate MAC operation, a Station
Management Entity (SME) may be existed in each STA. The
SME 1s a management entity independent from each layer,
and collects layer based state information from the MLME
and the PLME or configures a specific parameter value of
cach layer. The SME may perform such a function by
substituting general system management entities, and may
implement a standard management protocol.
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The MLME, the PLME and the SME may interact in
vartous methods based on a primitive. Particularly, XX-
GET.request primitive 1s used for requesting a Management
Information Base (MIB) attribute value. XX-GET.confirm
primitive returns the corresponding MIB attribute value
when the state of 1t 1s 1n ‘SUCCESS’, otherwise, returns a
state field with an error mark. XX-SET.request primitive 1s
used for requesting to configure a designated MIB attribute
to a given value. When the MIB attribute signifies a specific
operation, the request requests an execution of the specific
operation. And, when a state of XX-SET.request primitive 1s
in ‘SUCCESS’, this means that the designated MIB attribute
1s configured as the requested value. When the MIB attribute
signifies a specific operation, the primitive 1s able to verily
that the corresponding operation 1s performed.

The operation 1n each sublayer will be briefly described as
follows.

MAC sublayer generates one or more MAC Protocol Data
Unit (MPDU) by attaching a MAC header and Frame Check

Sequence (FCS) to a MAC Service Data Unit (MSDU)
delivered from a higher layer (e.g., LLC layer) or a fragment
of the MSDU. The generated MPDU 1s delivered to PHY
sublayer.

When an aggregated MSDU (A-MSDU) scheme 1s used,
a plurality of MSDUs may be merged into one A-MSDU.
The MSDU merging operation may be performed 1n a MAC
higher layer. The A-MSDU 1s delivered to PHY sublayer as
a single MPDU (1.e., not being fragmented).

PHY sublayer generates a Physical Protocol Data Unit
(PPDU) by attaching an additional field that includes
required information to a Physical Service Data Umnit
(PSDU) recerved from MAC sublayer by a physical layer
transceiver. The PPDU 1s transmitted through a wireless
medium.

Since the PSDU 1s a unit that PHY sublayer receives from
MAC sublayer and MPDU 1s a unit that MAC sublayer
transmits to PHY sublayer, the PSDU 1s the same as the
MPDU, substantially.

When an aggregated MPDU (A-MPDU) scheme 1s used,
a plurality of MPDUSs (in this case, each MPDU may carry
the A- Mj‘DU) may be merged into a single A-MPDU. The
MPDU merging operation may be performed in a MAC
lower layer. Various types of MPDU (e.g., QoS data,
Acknowledge (ACK), block ACK, etc.) may be merged into
the A-MPDU. PHY sublayer receives the A-MPDU from
MAC sublayer as a single PSDU. That 1s, the PSDU 1ncludes
a plurality of MPDUs. Accordingly, the A-MPDU 1s trans-
mitted through a wireless medium within a single PPDU.

Physical Protocol Data Unit (PPDU) Format

A Physical Protocol Data Unit (PPDU) signifies a data
block which 1s generated in physical layer. Hereinaiter, the
PPDU format will be described based on IEEE 802.11
WLAN system to which the present invention may be
applied.

FIG. 3 exemplifies a non-HT format PPDU and an HT
format PPDU of a wireless communication system to which
the present invention may be applied.

FIG. 3(a) exemplifies the non-HT format for supporting
IEEE 802.11a/g system. The non-HT PPDU may also be

called a legacy PPDU.

Referring to FIG. 3(a), the non-HT format PPDU includes
a legacy format preamble that includes a Legacy (or Non-
HT) Short Traming field (L-STF), a Legacy (or Non-HT)
Long Tramming field (L-LTF) and a Legacy (or Non-HT)
SIGNAL (L-SIG) field, and a data field.

The L-STF may include a short training orthogonal fre-
quency division multiplexing (OFDM). The L-STF may be
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used for frame timing acquisition, Automatic Gain Control
(AGC), diversity detection and coarse frequency/time syn-
chronization.

The L-LTF may include a long training orthogonal fre-
quency division multiplexing (OFDM) symbol. The L-LTF
may be used for fine frequency/time synchronization and
channel estimation.

The L-SIG field may be used for transmitting control

information for demodulating and decoding a data field.

The L-SIG field includes a 4-bit Rate field, a 1-bit
Reserved bit, a 12-bit Length field, a 1-bit panity bit, and a
6-bi1t Signal Tail field.

The rate field includes rate mmformation, and the length
field indicates the number of octets of the PSDU.

FIG. 3(b) exemphﬁes an HT-mixed format PPDU for
supporting both IEEE 802.11n system and IEEE 802.11a/g
system.

Referring to FIG. 3(b), the HT-mixed format PPDU
includes an HT format preamble that includes a legacy
format preamble including the L-STF, the L-LTF and the
L-SIG field, an HT-Signal (HI-SIG) field, an HT Short
Tramning field (HI-STF) and an HT Long Traimning field
(HI-LTF), and a data field.

10

15

20

12

the channel estimation with respect to each data field trans-
mitted via a plurality of spatial streams.

The HI-LTF field may include a data HI-LTF used for

channel estimation with respect to spatial stream and an
extension HT-LTF additionally used for full channel sound-
ing. Accordingly, the number of a plurality of HI-LTF may

be equal to or more than the number of transmitted spatial
stream.

In the HT-mixed format PPDU, the L.-STF, the L.-LL.TF and
the L-SIG field are firstly transmitted such that an L-STA
also receives and acquires data. Later, the HT-SIG field 1s
transmitted for demodulating and decoding the data trans-
mitted for the HT-STA.

Up to the HT-SIG field, fields are transmitted without
performing beamiorming such that the L-STA and the HT-
STA receive the corresponding PPDU and acquire data, and
wireless signal transmission 1s performed through precoding,
for the HI-STF, the HT-L'TF and the data field, which are
transmitted later. Herein, the plurality of HI-LTF and the
data field are transmitted after transmitting the HI-STF such
that the STA that receives data through precoding may

consider the part 1n which power 1s varied by precoding.
Table 1 below illustrates an HT-SIG field.

TABLE 1
Field Bit Description
Modulation and 7 It indicates a modulation and coding scheme
Coding Scheme)
CBW 20/40 1 It 1s O when higher than 20 MHz or lower than 40 MHz, and 1
in the case of 40 MHz
HT (Length) 16 It indicates the number of octets of data of PDSU
Smoothing 1 It 1s 1 when channel estimation smoothing 1s recommended,

Not Sounding

Reserved

Aggregation

STBC

FEC coding

Short GI

Number of

extension spatial

streams
CRC
Tail Bits

Since the L-STF, the L-LTF and the L-SIG field signify
legacy fields for backward compatibility, the fields from the
L-STF to the L-SIG field are 1dentical to those of the non-HT
format. The L-STA may imterpret a data field through the
L-STE, the L-LTF and the L-SIG field even though the
[-STA receitves a HT-mixed PPDU. However, the L-L'TF
may further include mnformation for channel estimation such
that an HT-STA receives the HT-mixed PPDU and demodu-
lates the L-SIG field and the HT-SIG field.

The HI-STA may notice that the field behind the legacy

field 1s the HT-mixed format PPDU using the HT-SIG field,
and based on this, the HT-STA may decode the data field.

The HT-LTF field may be used for channel estimation for
demodulating the data field. Since IEEE 802.11n standard
supports Single-User Multi-Input and Mult1-Output (SU-

MIMO), a plurality of the HI-LTF fields may be included for
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and O when channel estimation 1s recommended by carriers
independently (unsmoothing)

1 It 1s O when PPDU is sounding PPDU and 1 when PPDU 1s not
sounding PPDU

1 Itissettol

1 It 1s 1 when PPDU includes A-MPDU and O 1n otherwise case

2 It indicates difference between the number of spact-time
streams (NSTS) and the number of spatial streams (NSS)
indicated by MCS
It 1s OO0 when STBC is not in use

1 It 1s 1 when low-density parity check (LDPC) 1s 1n use and O
when binary convolutional code (BCC) is 1n use

1 It 1s 1 when short GI 1s 1in use after HT training and O in
otherwise case

2 It indicates the number of extension spatial stream (NESS). It
1s O when there 1s no NESS, 1 in the case of one NESS, 2 in the
case of two NESSs, and 3 in the case of three NESSs

8 It includes CRC for detecting error of PPDU in recipient

6 It 1s used for trellis termination of convolutional decoder. it 1s
set to O

FIG. 3(c) exemplifies an HT-greenfield (HT-GF) format
PPDU for supporting IEEE 802.11n system only.

Referring to FIG. 3(c), the HI-GF format PPDU includes
an HT-GF-STF, an HI-LTF1, an HI-SIG field, a plurality of
HT-LTF2 and a data field.

The HT-GF-STF 1s used for frame time acquisition and
AGC.

The HI-LTF1 1s used for channel estimation.

The HT-SIG field 1s used for demodulating and decoding
the data field.

The HI-L'TF2 1s used for channel estimation for demodu-
lating the data field. Similarly, since the HI-STA requires
channel estimation for each data field transmitted via a

plurality of spatial streams due to the use of SU-MIMO, a

plurality of HI-LTF2 may be included.
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The plurality of HI-LTF2 may include a plurality of
DATA HT-LTF and a plurality of extension HT-LTF, similar
to the HI-LTF field of the HI-mixed PPDU.

In FIGS. 3(a) to 3(c), the data field 1s a payload, and the
data field may include a SERVICE field, a scrambled PSDU
field, Tail bits, and padding bits. All bits of the data field are

scrambled.
FI1G. 3(d) 1llustrates a service filed included 1n a data field.

The service field has 16 bits. The bits are numbered by #0

to #15 and sequentially transmitted, starting from bit #0. #0
to #6 bits are set to 0 and used for synchronizing a descram-
bler of a receiver.

In order to eflectively utilize radio channels, IEE
802.11ac WLAN system supports a transmission ol down-
link Mult1 User Multiple Input Multiple Output (MU-
MIMO) scheme 1n which a plurality of STAs access channel
simultaneously. According to the MU-MIMO transmission
scheme, an AP may transmit packets to one or more STAs
that are paired by MIMO simultaneously.

A downlink multi-user (DL MU) transmission means a
technique that an AP transmits a PPDU to a plurality of
non-AP STAs through the same time resource through one
Or more antennas.

Hereinafter, the MU PPDU means a PPDU that transmits
one or more PSDUs for one or more STAs using the
MU-MIMO technique or the OFDMA technique. And the
SU PPDU means a PPDU which 1s available to deliver only
one PSDU or a PPDU that has a format in which the PSDU
1s not existed.

For the MU-MIMO transmission, the size of the control
information transmitted to an STA may be relatively greater
than that of the conftrol information based on 802.11n.
Examples of the control information additionally required
for supporting the MU-MIMO may include information
indicating the number of spatial stream received by each
STA, the information related to modulating and coding the
data transmitted to each STA, and the like.

Accordingly, when the MU-MIMO transmission 1s per-
formed for providing data service to a plurality of STAs
simultaneously, the size of transmitted control mmformation
may increase as the number of STAs that receive the control
information.

As such, 1 order to effectively transmit the increasing
s1ze of the control information, a plurality of control infor-
mation required for the MU-MIMO transmission may be
transmitted by being classified mto common control nfor-
mation commonly required for all STAs and dedicated
control information individually required for a specific STA.

FIG. 4 exemplifies a VHT format PPDU of a wireless
communication system to which the present invention may
be applied.

[T]

Field

BW

Reserved
STBC

Group 1D
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FIG. 4(a) illustrates a VHT format PPDU (VHT format
PPDU) for supporting the IEEE 802.11ac system.

Referring to FIG. 4(a), the VHT format PPDU includes a
legacy format preamble that includes the L-STF, the L-L'TF
and the L-SIG field and a VHT format preamble that
includes a VHT-Signal-A (VHT-SIG-A) field, a VHT Short
Tramning field (VHI-STF), a VHT Long Traming field
(VHT-LTF) and a VHT-Signal-B (VHT-SIG-B) field and a
data field.

Since the L-STF, the L-LTF and the L-SIG field signify
legacy fields for backward compatibility, the fields from the
L-STF to the L-SIG field are 1identical to those of the non-HT
format. However, the L-L1F may further include informa-
tion for channel estimation to be performed to demodulate

the L-SIG field and the VHT-SIG-A field.

The L-STF, the L-LTF, the L-SIG field and the VHT-
SIG-A field may be repeatedly transmitted 1 a unit of 20
MHz channel. For example, when a PPDU 1is transmuitted
through four 20 MHz channels (1.e., 80 MHz bandwidth),
the L-STF, the L-LTF, the L-SIG ﬁeld and the VHT-SIG-A
ficld may be repeatedly transmitted in every 20 MHz chan-

nel.
The VHT-STA may be aware whether the PPDU 1s the

VHT format PPDU using the VHT-SIG-A field which fol-
lows the legacy field, and based on this, the VHT-STA may
decode the data field.

In the VHT format PPDU, the L-STF, the L-LL'TF and the
L-SIG field are firstly transmitted such that an L-STA also

receives and acquires data. Later, the VHT-SIG-A field 1s
transmitted for demodulating and decoding the data trans-
mitted for the VHT-STA.

The VHT-SIG-A field 1s a field for transmitting common
control information between VHT STAs paired with an AP
in MIMO scheme, and 1ncludes t

he control information for
interpreting the received VHT format PPDU.
The VHT-SIG-A field may include a VHT-SIG-A1 field
and a VHT-SIG-A2 field.
The VHT-SIG-A1 field may include channel bandwidth
(BW) mformation to use, mformation on whether to apply
Space Time Block Coding (STBC), Group Identifier (Group
ID) information for indicating a group of STAs that are
grouped 1n MU-MIMO scheme, mmformation of the Number
of space-time stream (NSTS) to use/Partial association Iden-
tifier (AID) and Transmit power save forbidden information.
Herein, the Group ID may signify an identifier allocated to
an STA group which 1s to be transmitted for supporting
MU-MIMO transmission, and may represent whether the
currently used MIMO transmission scheme 1s MU-MIMO or
SU-MIMO.

Table 2 below exemplifies the VHT-SIG-A1 field.

TABLE 2

Bit Description

2 In the case of 20 MHz, set to “0°,
In the case of 40 MHz, set to “1°,
In the case of 80 MHz, set to “2°,
In the case of 160 MHz or 80 + 80 MHz, set to “3".

1 In the case of VHT SU PPDU:
In the case that STBC 1s used, set to “1°,
Otherwise, set to 0’
In the case of VHT MU PPDU:
Set to 0’

6 Indicate Group ID
‘0’ or ‘63’ indicates VHT SU PPDU, otherwise indicates VHT
MU PPDU
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TABLE 2-continued

Field Bit Description

NSTS/Partial AID 12 In the case of VHT MU PPDU, divided by 4 user position ‘p’
each having 3 bits
In the case that space time stream 1s 0, set to ‘0°,
In the case that space time stream 1s 1, set to ‘1°,
In the case that space time stream is 2, set to “2°,
In the case that space time stream 1s 3, set to ‘3°,
In the case that space time stream 1s 4, set to ‘4°.
In the case of VHT SU PPDU,
Top 3 bits are set as follows.
In the case that space time stream 1s 1, set to ‘0°,
In the case that space time stream 1s 2, set to ‘1°,
In the case that space time stream 1s 3, set to “2°,
In the case that space time stream 1s 4, set to ‘3°,
In the case that space time stream 1is 3, set to ‘4°,
In the case that space time stream 1s 6, set to ‘5°,
In the case that space time stream 1s 7, set to “6°,
In the case that space time stream 1s 8, set to “7°,
Bottom 9 bits indicate Partial AID.
TXOP_PS_NOT _ 1 When a VHT AP allows non-AP VHT STA shifted to a power
ALLOWED save mode for transmission opportunity (TXOP), set to ‘0O’.
Otherwise, set to “1°.
In the case of a VHT PPDU transmitted by non-AP VHT STA,
set to *1°.

Reserved 1

25
The VHT-SIG-A2 field may include information on ing related information, redundancy bits for Cyclic Redun-

whether to use a short Guard Interval (GI), Forward Error dancy Checking (CRC), a tail bit of convolutional decoder,

Correction (FEC) information, information on Modulation and the like.
and Coding Scheme (MCS) for a single user, information on
types of channel coding for a plurality of users, beamiform- Table 3 below exemplifies the VHT-SIG-A2 field.
TABLE 3
Field Bit Description
Short GI 1 In the case that short GI 1s not used i a data field, set to
EO?}
In the case that short GI 1s used in a data field, set to “1°.
Short GI 1 In the case that short GI 1s used and an additional symbol
disambiguation 1s required for a payload of PPDU, set to ‘1°,
In the case that an additional symbol 1s not required, set to
‘0°.
SU/MU Coding 1 In the case of VHT SU PPDU:

In the case of BCC(binary convolutional code), set to *0’,
In the case of LDPC (low-density parity check), set to “1°.
In the case of VHT MU PPDU:

In the case that NSTS field of which user position 1s “07 1s
not ‘0’°, mdicates coding to use.

In the case of BCC, set to “0°,

In the case of LDPC, set to “1°.

In the case that NSTS field of which user position 1s “07 1s
‘0°, set to ‘1’ as a reserved field.

LDPC Extra OFDM 1 In the case that an additional extra OFDM symbol is
Symbol required owing to LDPC PPDU encoding procedure (in the
case of SU PPDU) or PPDU encoding procedure of at least
one LDPC user (in the case of VHT MU PPDU), set to “1°.
Otherwise, set to 0.
SU VHT MCS/MU 4 In the case of VHT SU PPDU:
Coding Represents VHT-MCS 1ndex.
In the case of VHT MU PPDU:
Indicates coding for user positions ‘1’ to ‘3’ in an order of
ascending order from top bit.
In the case that NSTS field of each user 1s not °1°, indicates
coding to use.
In the case of BCC, set to ‘0,
In the case of LDPC, set to “1°.
In the case that NSTS field of each user 1s ‘0°, set to 1’ as a
reserved field.
Beamformed 1 In the case of VHT SU PPDU:
In the case that Beamforming steering matrix 1s applied to
SU transmuission, set to “1°.
Otherwise, set to 0’
In the case of VHT MU PPDU:

Set to ‘1’ as a reserved field.
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TABLE 3-continued
Field Bit Description
Reserved 1
CRC 8 Include CRC for detecting error of PPDU 1n recerver
Tail 6 Used for trellis end of convolutional decoder

Set to (0.

The VHT-STF 1s used for improving the performance of
AGC estimation 1n MIMO transmission.

The VHT-LTF 1s used for a VHI-STA to estimate a
MIMO channel. Since a VHT WLAN system support the
MU-MIMO, the VHT-LTF may be setup as much as the
number of spatial streams through which a PPDU is trans-
mitted. Additionally, i the case that full channel sounding
1s supported, the number of VHT-LTFs may increase.

The VHTI-SIG-B field includes dedicated control infor-
mation required to acquire data for a plurality of VHT-STAs
paired in MU-MIMO scheme by receiving a PPDU. Accord-
ingly, only in the case that the common control information
included in the VHT-SIG-A field indicates a MU-MIMO
transmission by a PPDU which 1s currently received, a
VHT-STA may be designed to decode the VHT-SIG-B field.
On the contrary, in the case that the common control
information indicates that a PPDU currently received is for
a single VHT-STA (including SU-MIMOQO), an STA may be
designed not to decode the VHT-SIG-B field.

The VHT-SIG-B field includes a VHT-SIG-B Length
field, a VHT-MCS field, a Reserved field, and a Tail field.

The VHT-SIG-B Length field indicates the length of the
A-MPDU (betore end-of-frame (EOF) padding). The VHT-
MCS field includes mformation on modulation, encoding
and rate-matching of each of the VHT-STAs.

A size of the VHT-SIG-B field may be different depending
on types of MIMO transmission (MU-MIMO or SU-MIMO)
and channel bandwidths which are used for PPDU trans-
missions.

FIG. 4(b) illustrates a VHT-SIG-B field in accordance
with a PPDU transmission bandwidth.

Referring to FIG. 4(b), in 40 MHz transmission, the
VHT-SIG-B bit 1s repeated twice. In 80 MHz transmission,
the VHT-SIG-B bit 1s repeated four times and a pad bit set
to 0 1s added.

In 160 MHz transmission and 80+80 MHz transmission,
first, the VHT-SIG-B bit 1s repeated four times and a pad bit
set to 0 1s added. Also, the entire 117 bits are repeated again.

In order to transmit PPDUs of the same size to STAs
paired with an AP 1n a system that supports the MU-MIMO,
information indicating a bit size of a data field that config-

ures the PPDU and/or information indicating a bit stream
s1ze that configures a specific field may be included 1n the
VHT-SIG-A field.

However, 1n order to efliciently use the PPDU format, the
L-SIG field may be used. In order for the PPDUs of the same
s1ze to be transmitted to all STAs, a length field and a rate
field transmitted with being included 1n the L-SIG field may
be used for providing required information. In this case,
since a MAC Protocol Data Unit (MPDU) and/or an Aggre-
gate MAC Protocol Data Unit (A-MPDU) are configured
based on bytes (or octet (oct)) of the MAC layer, an
additional padding may be required 1n the physical layer.

The data field i FIG. 4 1s a payload, and may include a
SERVICE field, a scrambled PSDU, tail bits and padding
bits.
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As such, since several formats of PPDU are used in a
mixed manner, an STA should be able to distinguish a format
of recetved PPDU.

Herein, the meaning of distinguishing PPDU (or classi-
tying the format of PPDU) may have various meanings. For
example, the meaning of distinguishing PPDU may have a
meaning of determining whether the received PPDU 1s a
PPDU that 1s available to be decoded (or interpreted) by an
STA. In addition, the meaning of distinguishing PPDU may
have a meaning of determining whether the received PPDU
1s a PPDU that 1s available to be supported by an STA.
Further, the meaming of distinguishing PPDU may be inter-
preted as a meaning of classiiying what the mformation 1s
that 1s transmitted through the received PPDU.

This will be described in more detail by reference to the
drawing below.

FIG. § 1s a diagram exemplifying a constellation for
distinguishing a format of PPDU in a wireless communica-
tion system to which the present invention may be applied.

FIG. 5(a) exemplifies a constellation of an L-SIG field
included 1 a non-HT format PPDU and FIG. 5(b) exem-
plifies a phase rotation for detecting an HT-mixed format
PPDU. And FIG. 5(c) exemplifies a phase rotation for
detecting a VHT format PPDU.

In order for an STA to distinguish the non-HT format
PPDU, the HT-GF format PPDU, the HT-mixed format

PPDU and the VHT format PPDU, a phase of constellation
of the L-SIG field and the OFDM symbol transmitted after
the L-SIG field are used. That 1s, the STA may classily a
PPDU format based on the phase of constellation of the
L-SIG field and the OFDM symbol transmitted after the
L-SIG field.

Reterring to FIG. 5(a), the OFDM symbol that configures
the L-SIG field utilizes Binary Phase Shift Keying (BPSK).

First, 1n order to distinguish the HIT-GF format PPDU,
when an 1mitial SIG field 1s detected 1n a received PPDU, an
STA determines whether the SIG field 1s the L-SIG field.
That 1s, the STA tries to decode based on the constellation
example shown 1n FIG. 5(a). When the STA fail to decode,
it may be determined that the corresponding PPDU 1is the
HT-GF format PPDU.

Next, in order to classity the non-HT format PPDU, the
HT-mixed format PPDU and the VHT format PPDU, the
phase of constellation of the OFDM symbol transmitted
after the L-SIG field may be used. That 1s, the modulation
method of the OFDM symbol transmitted after the L-SIG
field may be different, and the STA may classity the PPDU
formats based on the modulation method for the field after
the L-SIG field of the received PPDU.

Referring to FIG. 5(b), 1n order to distinguish the H'-
mixed format PPDU, the phase of two OFDM symbols
transmitted after the L-SIG field in the HT-mixed format
PPDU may be used.

More particularly, the phases of both OFDM symbol #1
and OFDM symbol #2 that correspond to the HI-SIG field
transmitted after the L-SIG field in the HT-mixed format
PPDU rotate as much as 90 degrees 1in counter-clock wise
direction. That 1s, the modulation method for OFDM symbol
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#1 and OFDM symbol #2 uses Quadrature Binary Phase
Shift Keying (QBPSK). The QBPSK constellation may be a
constellation of which phase rotates as much as 90 degrees
in counter-clock wise direction with respect to the BPSK
constellation.

An STA tries to decode OFDM symbol #1 and OFDM
symbol #2 that correspond to the HT-SIG field transmitted
after the L-SIG field of the recetved PPDU based on the
constellation example shown 1n FIG. 5(b). When the STA 1s
successiul 1n decoding, the STA determines the correspond-
ing PPDU to be the HT format PPDU.

Next, 1n order to distinguish the non-HT format PPDU
and the VHT format PPDU, the phase of constellation of the
OFDM symbol transmitted after the L-SIG field may be
used.

Referring to FIG. 3(¢), in order to distinguish the VHT
format PPDU, the phases of two OFDM symbols transmiut-
ted after the L-SIG field in the VHT format PPDU may be
used.

More particularly, the phase of OFDM symbol #1 that
corresponds to the VHT-SIG-A field after the L-SIG field 1n
the VHT format PPDU does not rotate, but the phase of
OFDM symbol #2 rotates as much as 90 degrees 1n counter-
clock wise direction. That 1s, the modulation method for
OFDM symbol #1 uses the BPSK and the modulation
method for OFDM symbol #2 uses the QBPSK.

An STA tries to decode OFDM symbol #1 and OFDM
symbol #2 that correspond to the VHT-SIG field transmatted
after the L-SIG field of the received PPDU based on the
constellation example shown 1n FIG. 5(c). When the STA 1s
successiul 1n decoding, the STA may determine the corre-
sponding PPDU to be the VHT format PPDU.

On the other hand, when the STA fails to decode, the STA

may determine the corresponding PPDU to be the non-HT
format PPDU.

MAC Frame Format

FIG. 6 exemplifies a MAC frame format in IEEE 802.11
system to which the present invention may be applied.

Referring to FIG. 6, a MAC frame (1.e., MPDU) includes
a MAC Header, a Frame Body and a frame check sequence
(FCS).

The MAC Header 1s defined by regions that include
Frame Control field, Duration/ID field, Address 1 field,
Address 2 field, Address 3 field, Sequence Control field,
Address 4 field, QoS Control field and HT Control field.

The Frame Control field includes mformation on charac-
teristics of the corresponding MAC frame. Detailed descrip-
tion for the Frame Control field will be described below.

The Duration/ID field may be implemented to have diif-
ferent values according to a type and a subtype of the
corresponding MAC frame.

In the case that a type and a subtype of the corresponding
MAC frame 1s a PS-Poll frame for the power save (PS)
operation, the Duration/ID field may be configured to
include an association 1dentifier of the STA that transmaits the
frame. In other case, the Duration/ID field may be config-
ured to have a specific duration value depending on the
corresponding type and subtype of the MAC frame. In
addition, 1n the case that the frame 1s an MPDU included in
the aggregate-MPDU (A-MPDU) format, all of the Dura-
tion/ID fields included in the MAC header may be config-
ured to have the same value.

Address 1 field to Address 4 field are used to indicate
BSSID, source address (SA), destination address (DA),
transmitting address (TA) representing an address of a
transmission STA and a receiving address (RA) representing,
an address of a reception STA.
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Meanwhile, the address field implemented as the TA field
may be set to a bandwidth signaling TA value. In this case,
the TA field may indicate that the corresponding MAC frame
has additional information to the scrambling sequence.
Although the bandwidth signaling TA may be represented as
a MAC address of the STA that transmits the corresponding
MAC frame, Individual/Group bit included in the MAC
address may be set to a specific value (e.g., ‘17).

The Sequence Control field 1s configured to include a
sequence number and a fragment number. The sequence
number may indicate the number of sequence allocated to
the corresponding MAC frame. The fragment number may
indicate the number of each fragment of the corresponding
MAC frame.

The QoS Control field includes information related to
QoS. The QoS control field may be included 1n the case that
a QoS data frame 1s 1indicated 1n a Subtype subfield.

The HT Control filed includes control information related
to HT and/or VHT transmission and reception techniques.
The HT Control field 1s included 1n Control Wrapper frame.
Further, the HT Control field 1s existed 1n the QoS data frame
of which Order subfield value 1s 1, and existed 1n Manage-
ment frame.

The Frame Body 1s defined as a MAC payload, and data
to be transmitted 1n a hugher layer 1s located therein. And the
Frame body has a variable size. For example, a maximum

s1ze of MPDU may be 11454 octets, and a maximum size of
PPDU may be 5.484 ms.

The FCS 1s defined as a MAC {ooter, and used {for
searching an error of the MAC frame.

First three fields (the Frame Control field, the Duration/ID
field and the Address 1 field) and the last field (FCS field)
configure a mimmimum frame format, and are existed in all
frames. Other fields may be existed 1n a specific frame type.

FIG. 7 1s a diagram 1illustrating a frame control field 1n an
MAC frame 1n the wireless communication system to which
the present invention may be applied.

Referring to FIG. 7, the frame control field 1s comprised
ol a Protocol Version subfield, a Type sub field, a Subtype
subfield, a To Ds subfield, a From DS subfield, a More
Fragments subfield, a Retry subfield, a Power Management
subfleld, a More Data subfield, a Protected Frame subfield,
and an Order subfield.

The Protocol Version subfield may indicate a version of a
WLAN protocol applied to the corresponding MAC frame.

The Type subfield and the Subtype subfield may be set to
indicate information 1dentity a function of the corresponding
MAC frame.

A type of the MAC frame may include three frame types
of a management {frame, a control frame, and a data frame.

In addition, each of the frame types may be divided nto
subtypes again.

For example, the control frames may include a request to
send (RTS) frame, a clear-to-send (CTS) frame, an acknowl-
edgment (ACK) frame, a PS-Poll frame, a contention iree
(CF)-End frame, a CF-End+CF-ACK {frame, a block ACK
request (BAR) frame, a block acknowledgement (BA)
frame, a control wrapper (Control+HTcontrol) frame, null
data packet announcement (NDPA), and a beamiorming
report poll frame.

The management frames may include a beacon frame, an
announcement traflic indication message (ATIM) frame, a
dissociation frame, an association request/response frame, a
reassociation request/response Iframe, a probe request/re-
sponse Irame, an authentication frame, a deauthentication
frame, an action frame, an action No ACK {frame, and a
timing advertisement frame.
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The To DS subfield and the From DS subfield may include
information required for interpreting an Address 1 field to an
Address 4 field included 1n the corresponding MAC frame
header. In the case of the Control frame, both the To DS
subfield and the From DS subfield are set to ‘0°. In the case
of the Management {frame, both the To DS subfield and the
From DS subfield may be sequentially set to 1’ and ‘0’ when
the corresponding frame 1s a QoS management frame

(QMF) and both the To DS subfield and the From DS

subfield may be sequentially set to ‘0° and ‘0’ when the
corresponding frame 1s not the QMF.

The More Fragments subficld may indicate whether a
fragment to be transmitted subsequently to the correspond-
ing MAC frame exists. When another fragment of the

MSDU or MMPDU exists, the More Fragments subfield

may be set to ‘1’ and if not, the More Fragments subfield
may be set to ‘0.

The Retry subfield may indicate whether the correspond-
ing MAC frame depends on retransmission of the previous
MAC frame. In the case of retransmission of the previous
MAC frame, the Retry subfield may be set to 1" and 11 not,
the Retry subfield may be set to ‘0.

The Power Management subfield may indicate a power
management mode of the STA. When a Power Management
subfield value 1s ‘1°, the corresponding Power Management
subfield value may indicate that the STA may be switched to
a power save mode.

The More Data subfield may indicate whether the MAC
frame to be additionally transmitted exists. When the MAC
frame to be additionally transmitted exists, the More Data
subfield may be set to ‘1’ and 11 not, the More Data subfield
may be set to ‘0.

The Protected Frame subfield may indicate whether a
frame body field 1s encrypted. When the frame body field
includes information processed by a cryptographic encap-
sulation algorithm, the Protected Frame subfield may be set
to ‘1’ and if not, the Protected Frame subfield may be set to
‘0.

The information included 1n the atorementioned respec-
tive fields may follow a definition of the IEEE 802.11
system. Further, the respective fields correspond to
examples of the fields which may be included 1n the MAC
frame and are not limited thereto. That 1s, each field may be
substituted with another field or further include an additional
field and all fields may not be requisitely included.

Subfield

MRQ

MSI
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FIG. 8 1s a view 1illustrating a VHT format of an HT
control field 1 a wireless communication system to which
the present invention 1s applicable.

Referring to FIG. 8, the HT control field may include a
VHT subfield, an HT control middle subfield, an AC con-
straint subfield, and a reverse direction grant (RDG)/more
PPDU subfields.

The VHT subfield indicates whether an HT control field

has a format of the HT control field for VHT (VHT=1) or has
a format of an HT control field for HT (VHT=0). In FIG. 8,
descriptions will be made on the assumption of an HT
control field (1.e., VHT=1). The HT control field for VHT

may also be designated as a VHT control field.
The HT control middle subfield may be implemented to

have a different format according to an indication of the
VHT subfield. Details of the HT control middle subfield will
be described hereinaftter.

The AC constraint subfield indicates whether a mapped
access category (AC) of a reversed direction (RD) data
frame 1s constrained to a single AC.

The RDG/more PPDU subfield may be differently inter-
preted depending on whether the corresponding field 1s
transmitted by an RD initiator or an RD responder.

In a case 1 which the field i1s transmitted by the RD
initiator, 11 an RDG 1s present, the RDG/more PPDU field 1s
set to 1, and 1f the RDG 1s not present, the RDG/more PPDU
field 1s set to 0. In a case in which the corresponding field
1s transmitted by the RD responder, 1if a PPDU including the
corresponding subfield 1s a final frame transmitted by the
RD responder, the RDG/more PPDU 1s set to 1, and 1f
another PPDU 1s transmitted, the RDG/more PPDU subfield
1s set to 0.

As described above, the HT control middle subfield may
be implemented to have a different format according to an
indication of the VHT subfield.

The HT control middle subfield of the HT control field for
VHT may include a reserved bit, a modulation and coding
scheme (MCS) feedback request (MRQ) subfield, an MRQ}
sequence 1dentifier (MSI)/space-time block coding (STBC)
subfield, an MCS feedback sequence identifier (MFSI)/least
significant bit (LSB) of group 1D (GID-L) subfield, an MCS
teedback (MFB) subfield, a most significant bit of group 1D
(GID-H) subfield, a coding type subfield, a feedback trans-
mission type (FB Tx Type) subfield, and an unsolicited MFB
subfield. Table 4 illustrates descriptions of the subfields
included 1n the HT control middle subfield of the VHT

format.

TABL.

T
S

Meaning Definition

MCS request It 1s set to 1 in the case of requesting MCS feedback

(solicited MFB) and to O in otherwise case

When unsolicited MEFB subfield is set to 0 and MRQ
subfield 1s set to 1, MSI subfield includes sequence
number within range of 0 to 6 identifying specific
request

When unsolicited MEB 1s set to 1, it includes
compressed MSI subfield (2 bits) and STBC
indication subfield (1 bit)

When unsolicited MEB subfield is set to 0O,
MESI/GID-L subfield includes a reception value of

MRQ sequence
identifier

MFEB sequence
identifier/LLSB of

Group ID MSI included n frame related to MFB information
When unsolicited MEFB subfield 1s set to 1 and MFB
was estimated from MU PPDU, MES/GID-L subfield
includes three LSBs of group ID of PPDU from which
MFEB was estimated

VHT N _STS, MFB subfield includes recommended MEB.

MCS, BW, SNR  VHT-MCS = 15 and NUM_STS = 7 indicate that

feedback feedback 1s not present
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TABLE 4-continued

Subfield Definition

Meaning

GID-H MSB of Group ID

24

When unsolicited MFB subfield is set to 1 and MFB

was estimated from VHT MU PPDU, GID-H subfield
includes three MSBs of group ID of PPDU from

which unsolicited MFB was estimated

When MFB was estimated from SU PPDU, G

subfields are all set to 1.

Coding type of
MFEB response

Coding Type

)-H

When unsolicited MFEFB subfield is set to 1, coding
type subfield includes coding type (binary

convolutional code (BCC)) 1s O and low-density parity
check (LDPC) is 1) of frame from which unsolicited

MFB was estimated
FB Tx Type Transmission type
of MFB response

Tx Type subfield 1s set to O.

When unsolicited MFEFB subfield is set to 1 and MFB
was estimated from unbeamformed VHT PPDU, FB

When unsolicited MEB subfield is set to 1 and MFB
was estimated from beamformed VHT PPDU, FB Tx

Type subfield 1s set to 1
Unsolicited MCS
feedback

indicator

Unsolicited
MFEFB
MRQ

The MFB subfield may include a VHT space-time streams
(NUM_STS) subfield, a VHT-MCS subfield, a bandwidth
(BW) subfield, and a signal-to-noise ratio (SNR) subfield.

The NUM-STS subfield indicates the number of recom-

mended space streams. The VHT-MCS subfield indicates a
recommended MCS. The BW subfield indicates bandwidth
information related to a recommended MCS. The SNR
subfield indicates an average SNR value of a space stream
and a data subcarrier.

Information included 1n each of the fields described above
may follow definitions of the IEEE 802.11 system. Also, the
fields described above correspond to the examples of the
ficlds that may be included in a MAC frame and not limited
thereto. That 1s, the fields described above may be replaced
with other fields, an additional field may be further provided,
and all the fields may not be essential.

Medium Access Mechanism

In IEEE 802.11, communication 1s basically different
from that of a ered channel environment because 1t 1s
performed 1n a shared wireless medium.

In a wired channel environment, communication 1S pos-
sible based on carrier sense multiple access/collision detec-
tion (CSMA/CD). For example, when a signal i1s once
transmitted by a transmission stage, 1t 1s transmitted up to a
reception stage without experiencing great signal attenua-
tion because there 1s no great change in a channel environ-
ment. In this case, when a collision between two or more
signals 1s detected, detection 1s possible. The reason for this
1s that power detected by the reception stage becomes
instantly higher than power transmitted by the transmission
stage. In a radio channel environment, however, since vari-
ous factors (e.g., signal attenuation 1s great depending on the
distance or instant deep fadmg may be generated) aflect a
channel, a transmission stage 1s unable to accurately perform
carrier sensing regarding whether a signal has been correctly
transmitted by a reception stage or a collision has been
generated.

Accordingly, m a WLAN system according to IEE.
802.11, a carrier sense multiple access with collision avoid-
ance (CSMA/CA) mechanism has been introduced as the
basic access mechamism of MAC. The CAMA/CA mecha-
nism 1s also called a distributed coordination tfunction (DCF)
of IEEE 802.11 MAC, and basically adopts a “listen before
talk” access mechanism. In accordance with such a type of
access mechanism, an AP and/or an STA perform clear
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It 1s set to 1 when MFEB 1s a response regarding MRQ,
and set to O when MFB 1s not response regarding

channel assessment (CCA) for sensing a radio channel or a
medium for a specific time 1nterval (e.g., a DCF inter-frame
space (DIFS)) prior to transmission. If, as a result of the
sensing, the medium 1s determined to be an 1dle state, the AP
and/or the STA starts to transmit a frame through the
corresponding medium. In contrast, if, as a result of the
sensing, the medium 1s determined to be a busy state (or an
occupied status), the AP and/or the STA do not start their
transmission, may wait for a delay time (e.g., a random
backofl period) for medium access in addition to the DIFS
assuming that several STAs already wait for 1n order to use
the corresponding medium, and may then attempt frame
transmission.

Assuming that several STAs trying to transmit {frames are
present, they will wait for different times because the STAs
stochastically have different backofl period values and waill
attempt frame transmission. In this case, a collision can be
minimized by applying the random backoil period.

Furthermore, the IEEE 802.11 MAC protocol provides a
hybrid coordination function (HCF). The HCF 1s based on a
DCF and a point coordination function (PCF). The PCF 1s a
polling-based synchronous access method, and refers to a
method for periodically performing polling so that all of
receiving APs and/or STAs can receive a data frame. Fur-
thermore, the HCF has enhanced distributed channel access
(EDCA) and HCF controlled channel access (HCCA). In
EDCA, a provider performs an access method for providing
a data frame to multiple users on a contention basis. In
HCCA, a non-contention-based channel access method
using a polling mechanism 1s used. Furthermore, the HCF
includes a medium access mechanism for improving the
quality of service (QoS) of a WLAN, and may transmit QoS
data 1n both a contention period (CP) and a contention-iree
period (CFP).

FIG. 9 1s a diagram 1illustrating a random backoil period
and a frame transmission procedure 1n a wireless commus-
nication system to which an embodiment of the present
invention may be applied.

When a specific medium switches from an occupied (or
busy) state to an 1idle state, several STAs may attempt to
transmit data (or frames). In this case, as a scheme for
minimizing a collision, each of the STAs may select a
random backoll count, may wait for a slot time correspond-
ing to the selected random backoll count, and may attempt
transmission. The random backofl count has a pseudo-
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random 1nteger value and may be determined as one of
uniformly distributed values 1n O to a contention window
(CW) range. In this case, the CW 1s a CW parameter value.
In the CW parameter, CW_min 1s given as an initial value.
If transmission fails (e.g., if ACK {for a transmitted frame 1s
not recerved), the CW_min may have a twice value. If the
CW parameter becomes CW_max, 1t may maintain the
CW_max value until data transmission 1s successful, and the
data transmission may be attempted. If the data transmission
1s successiul, the CW parameter 1s reset to a CW_min value.
The CW, CW_min, and CW_max values may be set to
2’n-1(n=0,1, 2,...).

When a random backoll process starts, an STA counts
down a backofl slot based on a determmed backofl count
value and continues to monitor a medium during the count-
down. When the medium 1s monitored as a busy state, the
STA stops the countdown and waits. When the medium
becomes an 1dle state, the STA resumes the countdown.

In the example of FIG. 9, when a packet to be transmitted
in the MAC of an STA 3 1s reached, the STA 3 may check
that a medium 1s an 1dle state by a DIFS and may immedi-
ately transmit a frame.

The remaining STAs momitor that the medium 1s the busy
state and wait. In the meantime, data to be transmitted by
cach of an STA 1, an STA 2, and an STA 5 may be generated.
When the medium 1s monitored as an 1dle state, each of the
STAs waits for a DIFS and counts down a backofl slot based
on each selected random backofl count value.

The example of FIG. 9 shows that the STA 2 has selected
he smallest backofl count value and the STA 1

has selected

{
the greatest backoll count value. That 1s, FIG. 10 illustrates
;

{

hat the remaining backoil time of the STA 5 1s shorter than
he remaining backofl time of the STA 1 at a point of time
at which the STA 2 finishes a backodl count and starts frame
transmission.

The STA 1 and the STA 3 stop countdown and wait while
the STA 2 occupies the medium. When the occupation of the
medium by the STA 1s finished and the medium becomes an
idle state again, each of the STA 1 and the STA 5 waits for
a DIFS and resumes the stopped backoil count. That 1s, each
of the STA 1 and the STA 5 may start frame transmission
aiter counting down the remaining backoil slot correspond-
ing to the remaining backoil time. The STA 5 starts frame
transmission because the STA 5 has a shorter remaining
backofl time than the STA 1.

While the STA 2 occupies the medium, data to be trans-
mitted by an STA 4 may be generated. In this case, from a
standpoint of the STA 4, when the medium becomes an 1dle

state, the STA 4 waits for a DIFS and counts down a backoft

slot corresponding to 1ts selected random backofl count
value.
FIG. 9 shows an example 1n which the remaining backoil

time of the STA 5 coincides with the random backofl count

value of the STA 4. In this case, a collision may be generated
between the STA 4 and the STA 5. When a collision 1s
generated, both the STA 4 and the STA 5 do not receive
ACK, so data transmission fails. In this case, each of the
STA 4 and the STA 5 doubles 1ts CW value, select a random
backofl count value, and counts down a backoit slot.

The STA 1 waits while the medium 1s the busy state due
to the transmission of the STA 4 and the STA 5. When the
medium becomes an idle state, the STA 1 may wait for a
DIFS and start frame transmission after the remaining
backoil time elapses.

The CSMA/CA mechanism includes virtual carrier sens-
ing 1n addition to physical carrier sensing in which an AP

and/or an STA directly sense a medium.
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Virtual carrier sensing 1s for supplementing a problem
which may be generated 1n terms of medium access, such as
a hidden node problem. For the virtual carrier sensing, the
MAC of a WLAN system uses a network allocation vector
(NAV). The NAV 1s a value indicated by an AP and/or an
STA which now uses a medium or has the right to use the
medium 1 order to notity another AP and/or STA of the
remaining time until the medium becomes an available state.
Accordingly, a value set as the NAV corresponds to the
period 1n which a medium 1s reserved to be used by an AP
and/or an STA that transmit corresponding frames. The STA
receiving the NAV value 1s prohibited from accessing the
medium during the corresponding period. For example, the
NAV may be set according to the value of the duration field
of the MAC header of the frame.

An AP and/or an STA may perform a procedure for
exchanging a request to send (RTS) frame and a clear to send
(CTS) frame 1n order to provide notification that they waill
access a medium. The RTS frame and the CTS frame include
information indicating a temporal section in which a wire-
less medium required to transmit/receive an ACK frame has
been reserved to be accessed 1f substantial data frame
transmission and an acknowledgement response (ACK) are
supported. Another STA which has recerved an RTS frame
from an AP and/or an STA attempting to send a frame or
which has received a CTS frame transmitted by an STA to
which a frame will be transmitted may be configured to not
access a medium during a temporal section indicated by
information included in the RTS/CTS frame. This can be
implemented through setting the NAV during the time
interval.

Interirame Space (IFS)

A time 1nterval between frames 1s defined as an interframe
space (IFS). An STA may determine whether a channel 1s
used during an IFS time interval through carrier sensing. In
an 802.11 WLAN system, a plurality of IFSs 1s defined 1n
order to provide a priority level by which a wireless medium
1s occupied.

FIG. 10 1s a diagram illustrating an IFS relation in a
wireless communication system to which an embodiment of
the present invention may be applied.

All of pieces of timing may be determined with reference
to physical layer interface primitives, that 1s, a PHY-TX-
END.confirm primitive, a PHYTXSTART.confirm primi-
tive, a PHY-RXSTART.indication primitive, and a PHY-
RXEND.indication primitive.

An mterframe space (IFS) depending on an IFS type 1s as

follows.
a) A reduced interframe space (IFS) (RIFS)

b) A short mterframe space (IFS) (SIFS)

c) A PCF interframe space (IFS) (PIFS)

d) A DCF iterframe space (IFS) (DIFS)

¢) An arbitration interirame space (IFS) (AIFS)

1) An extended interframe space (IFS) (EIFS)

Different IFSs are determined based on attributes speci-
fied by a physical layer regardless of the bit rate of an STA.
IFS timing 1s defined as a time gap on a medium. IFS timing

other than an AIFS 1s fixed for each physical layer.
The SIFS 1s used to transmits a PPDU including an ACK

frame, a C'TS frame, a block ACK request (BlockAckReq)
frame, or a block ACK (BlockAck) frame, that 1s, an instant
response to an A-MPDU, the second or consecutive MPDU
of a fragment burst, and a response from an STA with respect
to polling according to a PCF. The SIFS has the highest
priority. Furthermore, the SIFS may be used for the point
coordinator of frames regardless of the type of frame during
a non-contention period (CFP) time. The SIFS indicates the
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time prior to the start of the first symbol of the preamble of
a next frame which 1s subsequent to the end of the last
symbol of a previous frame or from signal extension (i
present).

SIFS timing 1s achieved when the transmission of con-

secutive frames 1s started i a Tx SIFS slot boundary.

The SIFS i1s the shortest 1n IFS between transmissions
from different STAs. The SIFS may be used 1f an STA
occupying a medium needs to maintain the occupation of the
medium during the period in which the frame exchange
sequence 1s performed.

Other STAs required to wait so that a medium becomes an
idle state for a longer gap can be prevented from attempting
to use the medium because the smallest gap between trans-
missions within a frame exchange sequence 1s used. Accord-
ingly, priority may be assigned in completing a frame
exchange sequence that 1s 1n progress.

The PIFS 1s used to obtain priority in accessing a medium.

The PIFS may be used in the following cases.

An STA operating under a PCF

An STA sending a channel switch announcement frame

An STA sending a traflic indication map (TIM) frame

A hybrid coordinator (HC) starting a CFP or transmission

opportunity (1 XOP)

An HC or non-AP QoS STA, that 1s, a TXOP holder

polled for recovering from the absence ol expected

reception within a controlled access phase (CAP)
An HT STA using dual CTS protection before sending

CTS2

A TXOP holder for continuous transmission after a trans-

mission failure

A reverse direction (RD) mitiator for continuous trans-

mission using error recovery

An HT AP durning a PSMP sequence 1 which a power

save multi-poll (PSMP) recovery frame 1s transmitted

An HT AT performing CCA within a secondary channel

betore sending a 40 MHz mask PPDU using EDCA
channel access

In the illustrated examples, an STA using the PIFS starts
transmission after a carrier sense (CS) mechanism for deter-
mimng that a medium 1s an 1dle state 1n a Tx PIFS slot
boundary other than the case where CCA 1s performed 1n a
secondary channel.

The DIFS may be used by an STA which operates to send
a data frame (MPDU) and a MAC management protocol
data unit management (MMPDU) frame under the DCF. An
STA using the DCF may transmit data in a TxDIFS slot
boundary 1f a medium 1s determined to be an idle state
through a carrier sense (CS) mechanism after an accurately
received frame and a backofl time expire. In this case, the
accurately recerved frame means a frame indicating that the
PHY-RXEND.indication primitive does not indicate an error
and an FCS indicates that the frame 1s not an error (1.€., error
free).

An SIFS time (“aSIFSTime”) and a slot time (*aSlot-
Time™”) may be determined for each physical layer. The SIFS
time has a fixed value, but the slot time may be dynamically
changed depending on a change 1n the wireless delay time

“aAirPropagationTime.”
The “aSIFSTime” 1s defined as in Equations 1 and 2
below.

aSIFSTime(16 us)=aRxRFDelay(0.5)+aRxPLCPDe-
lay(12.5)+aMACProcessingDelay(1l or <2)+

aRxTxTurnaroundTime(<2) [Equation 1]
aRxTxTurnaround Time=aTxPLCPDelay(1)+aRxTx-

SwitchTime(0.25)+aTxRampOnTime(0.25 )+

aTxRFDelay(0.5) [Equation 2]
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The “aSlotTime” 1s defined as 1n Equation 3 below.

aSlotTime=aCCATime(<4)+aRxTxTurnaroundTime
(<2)+aAirPropagationTime(<1)+aMACPro-

cessingDelay(<2) [Equation 3]

In Equation 3, a default physical layer parameter 1s based
on “aMACProcessingDelay” having a value which 1s equal
to or smaller than 1 us. A radio wave 1s spread 300 m/us in
the free space. For example, 3 us may be the upper limit of
a BSS maximum one-way distance ~450 m (a round trip 1s
~900 m).

The PIFS and the SIFS are defined as 1n Equations 4 and
S, respectively.

PIFS(16 ps)=aSIFSTime+aSlotTime [Equation 4]

DIFS(34 ps)=aSIFSTime+2*aSlotTime [Equation 3]

In Equations 1 to 35, the numerical value within the
parenthesis illustrates a common value, but the value may be
different for each STA or for the position of each STA.

The atorementioned SIFS, PIFS, and DIFS are measured
based on an MAC slot boundary (e.g., a Tx SIFS, a Tx PIFS,
and a TxDIFS) different from a medium.

The MAC slot boundaries of the SIFS, the PIFS, and the

DIFS are defined as in Equations 6 to 8, respectively.

TxSIFS=SIFS-aRxTxTurnaroundTime [Equation 6]
TxPIFS=TxSIFS+aSlotTime [Equation 7]
TxDIFS=TxSIFS+2*aSlotTlme [Equation 8]

Channel State Information Feedback Method

An SU-MIMO technology 1n which a beamformer com-
municates by allocating all antennas to a beamformee
increases a channel capacity through diversity gain and
stream multiple transmission using a time and a space. The
SU-MIMO technology may contribute to performance
enhancement of a physical layer by extending a spatial
degree of freedom by increases the number of antennas as
compared with a case where an MIMO technology 1s not
applied.

Further, an MU-MIMO technology in which the beam-
former allocates the antennas to a plurality of beamformees
may enhance the performance of an MIMO antenna by
increasing transmission rate per beamiormee or reliability of
the channel through a link layer protocol for multiple access
of the plurality of beamformees accessing the beamformer.

In an MIMO environment, since how accurately the
beamiormer knows the channel imformation may exert a
large influence on the performance, a feedback procedure for
acquiring the channel 1s required.

As the feedback procedure for acquiring the channel
information, two modes may be largely supported. One 1s a
mode using the control frame and the other one 1s mode
using a channel sounding procedure not including the data
field. Sounding means using a corresponding training field
in order to measure the channel for a purpose other than data
demodulation of the PPDU including the training field.

Hereinalter, a channel information feedback method
using the control frame and a channel information feedback
method using a null data packet (NDP) will be described in
more detail.

1) Feedback Method Using Control Frame

In the MIMO environment, the beamformer may indicate
teedback of the channel state information through the HT
control field included i1n the MAC header or report the
channel state information through the HT control field

included 1n the MAC frame header (refer to FI1G. 8). The HT
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control field may be included 1n a control wrapper frame, a
QoS Data frame 1n which the Order subfield of the MAC
header 1s set to 1, or a management frame.

2) Feedback Method Using Channel Sounding

FI1G. 11 1s a diagram for conceptually describing a channel
sounding method 1n the wireless communication system to
which the present invention can be applied.

In FIG. 11, a method that feeds back the channel state
information between the beamformer (for example, AP) and
the beamformee (for example, non-AP STA) based on a
sounding protocol 1s illustrated. The sounding protocol may
mean a procedure that feeds back information on the channel
state information.

A channel state information sounding method between the
beamformer and the beamformee based on the sounding
protocol may be performed by steps given below.

The beamiformer transmits a VHT Null Data Packet
Announcement (VHT NDPA) frame announcing sounding
transmission for feedback of the beamformee.

The VHT NDPA frame means the control frame used to
announce that the channel sounding 1s 1mitiated and the null
data packet (NDP) 1s transmitted. In other words, the VHT
NDPA frame 1s transmitted before transmitting the NDP, and
as a result, the beamiormee may prepare for feeding back the
channel state information before receiving the NDP frame.

The VHT NDPA frame may include association 1dentifier
(AID) mformation, feedback type information, and the like
of the beamformee that will transmait the NDP. More detailed
description of the VHT NDPA frame will be made below.

In the case where data 1s transmitted by using the MU-
MIMO and 1n the case where the data 1s transmitted by using
the SU-MIMO, the VHT NDPA frame may be transmitted
by different transmission methods. For example, when the
channel sounding for the MU-MIMO 1s performed, the VHT
NDPA frame 1s transmitted by a broadcast method, but when
the channel sounding for the SU-MIMO 1s performed, the
VHT NDPA frame may be transmitted to one target STA by
a unicast method.

(2) The beamformer transmits the VHT NDPA frame and
thereafter, transmits the NDP after an SIFS time. The NDP
has a VHT PPDU structure except for the data field.

The beamformees that recerve the VHT NDPA frame may
verily an AID12 subfield value included in the STA 1infor-
mation field and verily the beamformees as sounding target
STAs.

Further, the beamiformees may know a feedback order
through the order of the STA Int

o field included 1n the
NDPA. In FIG. 11, a case where the feedback order 1s the
order of beamformee 1, beamformee 2, and beamformee 3
1s 1llustrated.

(3) Beamiormee 1 acquires the downlink channel state
information based on the training field included 1n the NDP
to generate feedback information to be transmitted to the
beamiormer.

Beamformee 1 receives the NDP frame and thereafter,
transmits a VHT compressed beamforming frame including
the feedback information to the beamiormer after the SIFS.

The VHT compressed beamiorming frame may include
an SNR value for the space-time stream, information on a
compressed beamforming feedback matrix for a subcarrier,
and the like. More detailed description of the Compressed
Beamforming frame will be made below.

(4) The beamiormer receives the VHT Compressed
Beamforming frame beamiormee 1 and thereaiter, transmits
the beamiorming report poll frame to beamformee 2 in order
to the channel immformation from beamiformee 2 after the

SIES.
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The beamforming report poll frame 1s a frame that per-
forms the same role as the NDP frame and beamformee 2
may measure the channel state based on the transmitted
beamiorming report poll frame.

More detailed description of the beamforming report poll
frame will be made below.

(5) Beamformee 2 that receives the beamforming report
poll frame transmits the VHT compressed beamiorming

frame 1including the feedback information to the beamformer
after the SIFS.

(6) The beamiormer receives the VHT Compressed
Beamforming frame beamformee 2 and thereatiter, transmits
the beamiorming report poll frame to beamformee 3 in order

to the channel information tfrom beamformee 3 after the
SIFS.

(7) Beamiormee 3 that receives the beamforming report
poll frame transmits the VHT compressed beamiorming

frame including the feedback information to the beamiormer
after the SIFS.

Hereinafter, the frame used 1n the atorementioned channel
sounding procedure will be described.

FIG. 12 1s a diagram 1llustrating a VHT NDPA frame 1n

the wireless communication system to which the present
invention may be applied.

Retferring to FIG. 12, the VHT NDPA frame may be
comprised of a frame control field, a duration field, a

receiving address (RA) field, a transmitting address (TA)

field, a sounding dialog token field, an STA information 1
(STA Info 1) field to an STA information n (STA Info n)

field, and an FCS.

The RA field value represents a receiver address or STA
address that receives the VHT NDPA frame.

When the VHT NDPA frame includes one STA Info field,
the RA field value has an address of the STA identified by
the AID 1n the STA Info field. For example, when the VHT
NDPA frame 1s transmitted to one target STA for SU-MIMO
channel sounding, the AP transmits the VHT NDPA frame to
the STA by unicast.

On the contrary, when the VHT NDPA frame includes one
or more STA Info fields, the RA field value has a broadcast
address. For example, when the VHT NDPA frame 1is
transmitted to one or more target STAs for MU-MIMO

channel sounding, the AP broadcasts the VHT NDPA frame.

The TA field value represents a bandwidth for signaling a

transmitter address to transmit the NDPA frame or an
address of the STA which transmits the VHT NDPA frame,

or the TA.

The Sounding Dialog Token field may be referred to as a
sounding sequence field. A Sounding Dialog Token Number
subiield in the Sounding Dialog Token field includes a value
selected by the beamformer 1in order to i1dentity the VHT
NDPA frame.

The VHT NDPA frame includes at least one STA Inio
field. That 1s, the VHT NDPA {frame includes an STA Info
field including information on a sounding target STA. One

STA Info field may be included 1n each sounding target STA.

Each STA Info field may be constituted by an AIDI12
subfield, a Feedback Type subfield, and an Nc Index sub-
field.

Table 5 shows the subfield of the STA Info field included
in the VHT NDPA frame.
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TABLE 5

Subfield  Description

AIDI12 Includes the AID of the STA which becomes the sounding
feedback target
When the target STA 1s the AP, a mesh STA, or the STA
which 1s an IBSS member, the AID12 subfield value 1s
set to 0’

Feedback Indicates the feedback request type for the sounding

Type target STA
In the case of the SU-MIMO, “0’
In the case of the MU-MIMO, ‘1’

Nc Index When the Feedback Type subfield indicates the MU-MIMO,

Nc Index indicates a value acquired by subtracting 1
from the number (Nc) of columns of the compressed
beamforming feedback matrix

In the case of Nc = 1, “0°,

In the case of Nc = 2, °1°,

In the case of Nc = &, 7’
In the case of the SU-MIMO, the Nc¢ Index is set as a
reserved subfield

The information included in the alforementioned respec-
tive fields may follow the defimition of the IEEE 802.11

system. Further, the respective fields correspond to

examples of the fields which may be included in the MAC
frame and substituted with another field or an additional
field may be further included.

FIG. 13 1s a diagram illustrating an NDP PPDU in the
wireless communication system to which the present inven-
tion may be applied.

Referring to FIG. 13, the NDP may have a format in
which the data field 1s omitted from the VHT PPDU format.

The NDP 1s precoded based on a specific precoding matrix
to be transmitted to the sounding target STA.

In the L-SIG field of the NDP, a length field indicating the
length of the PSDU included 1n the data field 1s set to ‘0’.

A Group ID field indicating whether a transmission tech-
nique used for transmitting the NDP 1n the VHT-SIG-A field

of the NDP 1s the MU-MIMO or the SU-MIMO 1s set to a
value indicating the SU-MIMO transmission.

A data bit of the VHT-SIG-B field of the NDP 1s set to a
bit pattern fixed for each bandwidth.

When the sounding target STA receives the NDP, the
sounding target STA estimates the channel and acquires the
channel state information based on the VHT-LTF field of the
NDP.

Subfield

Nc¢ Index

Nr Index

Channel
Width
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FIG. 14 1s a diagram 1illustrating a VHT compressed
beamiorming {frame format in the wireless communication
system to which the present invention may be applied.

Referring to FIG. 14, the VHT compressed beamiorming
frame as a VHT action frame for supporting the VHT
function includes the Action field in the frame body. The
Action field provides a mechanism for specilying manage-
ment operations included 1in and extended to the frame body
of the MAC frame.

The Action field 1s comprised of a Category field, a VHT
Action field, a VHT MIMO Control field, a VHT Com-
pressed Beamiorming Report field, and an MU Exclusive
Beamforming Report field.

The Category field 1s set to a value indicating a VHT
category (that 1s, VHT Action frame) and the VHT Action
field 1s set to a value indicating the VHT Compressed
Beamforming frame.

The VHT MIMO Control field 1s used for feeding back
control information associated with beamforming feedback.
The VHT MIMO Control field may always exist in the VHT
Compressed Beamforming frame.

The VHT Compressed Beamforming Report field 1s used
for feeding back information on the beamforming matrix
including the SNR information for the space-time stream
used for transmitting the data.

The MU Exclusive Beamforming Report field 1s used for
teeding back the SNR information for a spatial stream when
the MU-MIMO transmission 1s performed.

Whether the VHT Compressed Beamforming Report field

and the MU Exclusive Beamiorming Report field exist and

contents of the VHT Compressed Beamforming Report field
and the MU Exclusive Beamforming Report field may be
determined according to values of a Feedback Type subfield,
a Remaining Feedback Segments subfield, and a First Feed-
back Segment subfield of the VHT MIMO Control field.

Hereinafter, the VHT MIMO Control field, the VHT
Compressed Beamforming Report field, and the MU Exclu-
stve Beamforming Report field will be described 1n more
detaul.

1) The VHT MIMO Control field 1s comprised of an Nc¢
Index subfield, an Nr Index subfield, a Channel Width
subfield, a Grouping subfield, a Codebook Information
subfield, a Feedback Type subfield, a Remaining Feedback
Segments subficld, a First Feedback Segment subfield, a
reserved subfield, and a Sounding Dialog Token Number

subfield.
Table 6 shows the subfield of the VHT MIMO Control
field.

TABL.

(L.
N

The

number
of bits Description

3 Nc Index indicates a value acquired by subtracting
1 from the number (Nc) of columns of the compressed
beamforming feedback matrix
In the case of Nc =1, “0°,
In the case of Nc = 2, “1°,

In the case of N¢c = 8, 7’

3 Nr Index indicates a value acquired by subtracting 1 from
the number (Nr) of rows of the compressed beamforming
feedback matrix
In the case of Nr =1, 0,

In the case of Nr =2, *1°,

In the case of Nr =8, 7’
2 Indicates the bandwidth of the channel measured in order

to generate the compressed beamforming feedback matrix
In the case of 20 MHz, ‘0,
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TABLE 6-continued

The
number

Subfield of

bits Description

Grouping

Codebook
Information

Feedback
Type

Remaining
Feedback
Segments

First Feedback
Segment

Sounding
Dialog Token
Number

When the VHT Compressed Beamforming frame does not

In the case of 40 MHz, ‘1°,
In the case of 80 MHz, “2°,
In the case of 160 MHz or 80 + 80 MHz, 3’
2 Indicates subcarrier grouping (Ng) used mn the compressed
beamforming feedback matrix
In the case of Ng = 1(no grouping), ‘0°,
In the case of Ng = 2, ‘1°,
In the case of Ng =4, 2°,
A value of 3’ i1s set to a preliminary value
1 Indicates the sizes of codebook entries
When the feedback type is the SU-MIMO,
In the case of by = 2 and b® = 4, *0°,
In the case of by =4 and b® = 6, ‘1’
When the feedback type i1s the MU-MIMO,
In the case of by = 5 and b® =7, 0’
In the case of by = 7 and b®d =9, 1’
Herein, by and b® mean the number of quantized bits
1 Indicates the feedback type
In the case of the SU-MIMQO, ‘0°,
In the case of the MU-MIMO, ‘1’

3 Indicates the number of remaining feedback segments for
the associated VHT Compressed Beamforming frame
In the case of a last feedback segment of the segmented
report or a segment of an unsegmented report, the
Remaining Feedback Segments are set to ‘0’
When the Remaining Feedback Segments are not first and
last feedback segments of the segmented report, the
Remaining Feedback Segments are set to a value between
‘1’ and 6’
When the Remaining Feedback Segments are feedback
segments other than the last segment, the Remaining
Feedback Segments are set to the value between ‘1’ and
‘6
In the case of a retransmitted feedback segment, the field
1s set to the same value as the segment associated with
original transmission

1 In the case of a first feedback segment of the segmented
report or a segment of an unsegmented report, the First
Feedback Segment 1s set to “1°
When the corresponding feedback segment i1s not the first
feedback segment or the VHT Compressed Beamforming
Report field or the MU Exclusive Beamforming Report
field does not exist 1n the frame, the First Feedback
Segment 1s set to ‘0’
In the case of a retransmitted feedback segment, the field
1s set to the same value as the segment associated with the
original transmission

6 The Sounding Dialog Token Number is set to a sounding
dialog token value of the NDPA frame

34

The Sounding Dialog Token field may be referred to as a

transfer the entirety or a part of the VHT Compressed Sounding Sequence Number subfield.
Beamforming Report field, the Nc¢ Index subfield, the Chan- > 2) The V.

nel Width subfield, the Grouping subfield, the Codebook
Information subfield, the Feedback Type subfield, and the

Sounding Dialog "

liminary field, the .

‘0°, and the Remainming Feedback Segments subfield 1s set to > Table 7
beamiorming report field.

7.

H'T compressed beamforming report field 1s used

for transierring explicit feedback information representing
the compressed beamiforming feedback matrix °V’ which a
‘oken Number subfield are set as a pre- transmission beamiormer uses a steering matrix ‘Q° for
H1rst Feedback Segment subfield 1s set to determining 1n the form of an angle.

shows the subfield of the VHT compressed

TABLE 7
The
number
Subfield of bits Description
Average SNR of Space-Time Stream 1 8 Average SNR on all subcarriers for

space-time stream 1 i beamformee
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TABLE 7-continued

36

The
number
Subfield of bits Description
Average SNR of Space-Time Stream Nc 8 Average SNR on all subcarriers for
the space-time stream Nc in
beamformee
Compressed Beamforming Feedback Na*(by + Order of the angle of Compressed
Matrix V for subcarrier k = scidx(0) bd)/2 Beamiforming Feedback Matrix for
the corresponding subcarrier
Compressed Beamforming Feedback Na*(by + The order of the angle of Compressed
Matrix V for subcarrier k = scidx(1) bd)/2 Beamiforming Feedback Matrix for
the corresponding subcarrier
Compressed Beamforming Feedback Na*(by + The order of the angle of Compressed
Matrix V for subcarrier k = sc1dx(Ns - 1) bd®)/2 Beamiforming Feedback Matrix for

the corresponding subcarrier

Referring to Table 7, the VHT compressed beamiorming
report field may include the average SNR for each time-
space stream and the Compressed Beamiorming Feedback
Matrix “V’ for the respective subcarriers. The Compressed
Beamforming Feedback Matrix as a matrix including infor-
mation on a channel state 1s used to for calculating a channel

matrix (that 1s, a steering matrix ‘Q’) 1n the transmission
method using the MIMO.

scidx( ) means the subcarrier in which the Compressed
Beamforming Feedback Matrix subfield is transmitted. Na 1s
fixed by a value of NrxNc (for example, in the case of

NrxNc=2x1, ®11, 21, ... ).

Ns means the number of subcarriers in which the com-
pressed beamiorming feedback matrix 1s transmitted to the
beamformer. The beamiormee may reduce the Ns 1n which
the compressed beamiorming feedback matrix 1s transmitted
by using the grouping method. For example, a plurality of
subcarriers 1s bundled as one group and the compressed
beamforming feedback matrix 1s transmitted for each cor-
responding group to reduce the number of compressed
beamforming feedback matrices which are fed back. The Ns
may be calculated from the Channel Width subfield and the
Grouping subfield included in the VHT MIMO Control field.

Table 8 exemplifies an average SNR of space-time stream

subfield.
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TABLE 8
Average SNR of Space-Time 1 subfield AvgSNRi
—-128 <—10 dB
-127 -9.75 dB
-126 -9.5 dB
+126 53.5 dB
+127 =53.75 dB

Referring to Table 8, the average SNR for each time-space
stream 1s calculated by calculating the average SNR value
for all subcarriers included 1n the channel and mapping the
calculated average SNR value to the range of —128 to +128.

3) The MU Exclusive Beamforming Report field 1s used
to transier the explicit feedback information shown in the
form of delta (A) SNR. Information in the VHT Compressed
Beamforming Report field and the MU Exclusive Beam-
forming Report field may be used for the MU beamiormer
to determine the steering matrix ‘Q’.

Table 9 shows the subfield of the MU Exclusive Beam-
forming Report field included in the VHT compressed
beamiorming report frame.

TABLE 9
The
number
Subfield of bits Description
Delta SNR for space-time stream 1 for 4 Difference between the SNR for the

subcarrier k = ssc1dx(0)

Delta SNR for space-time stream Nc for 4
subcarrier k = ssc1dx(0)

Delta SNR for space-time stream 1 for 4
subcarrier k = sscidx(1)

Delta SNR for space-time stream Nc for 4
subcarrier k = sscidx(1)

corresponding subcarrier and the
average SNR for all subcarriers of

the corresponding time-space stream

Difference between the SNR for the

corresponding subcarrier and the
average SNR for all subcarriers of
the corresponding time-space stream

Difference between the SNR for the

corresponding subcarrier and the
average SNR for all subcarriers of
the corresponding time-space stream

Difference between the SNR for the
corresponding subcarrier and the
average SNR for all subcarriers of
the corresponding time-space stream
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TABLE 9-continued
The
number
Subfield of bits Description
Delta SNR for space-time stream 1 for 4 Difference between the SNR for the

subcarrier k = sscidx(Ns' - 1)

corresponding subcarrier and the

average SNR for all subcarriers of
the corresponding time-space stream

Delta SNR for space-time stream Nc for 4
subcarrier k = sscidx(Ns' — 1)

Difference between the SNR for the
corresponding subcarrier and the

average SNR for all subcarriers of
the corresponding time-space stream

Referring to Table 9, the SNR per time-space stream may
be 1ncluded for each subcarrier in the MU Exclusive Beam-
forming Report field.

Each Delta SNR subfield has a value which increases by
1 dB between -8 dB and 7 dB.

scidx( ) represents the subcarrier(s) in which the Delta
SNR subfield 1s transmitted and Ns means the number of
subcarriers 1n which the Delta SNR subfield 1s transmitted.

FIG. 15 1s a diagram illustrating a beamforming report
poll frame format 1n the wireless communication system to
which the present invention may be applied.

Referring to FIG. 15, the Beamforming Report Poll frame

1s configured to include the Frame Control field, the Dura-
tion field, the Receiving Address (RA) field, the Transmit-

ting Address (TA) field, the Feedback Segment Retransmis-
sion Bitmap field, and the FCS.

The RA field value represents the address of an intended
recipient.

The TA field value represents a bandwidth for signaling
the address of the STA which transmits the Beamiorming
Report Poll or the TA.

The Feedback Segment Retransmission Bitmap field indi-
cates the feedback segment requested by the VHT Com-
pressed Beamforming report.

In the Feedback Segment Retransmission Bitmap field
value, when the bit of position n 1s ‘1’ (in the case of the
LSB, n=0 and 1n the case of the MSB, n=7), the feedback
segment corresponding to n in the Remaining Feedback
Segments subfield in the VHT MIMO Control field of the
VHT compressed beamforming frame is requested. On the
contrary, when the bit of position n 1s ‘0’, the feedback
segment corresponding to n in the Remaining Feedback
Segments subfield 1n the VHT MIMO Control field 1s not
requested.

Group 1D

Since the VHT WLAN system supports the MU-MIMO
transmission method for higher throughput, the AP may
simultaneously transmit the data frame to one or more STAs
which are MIMO-paired. The AP may simultaneously trans-
mit data to the STA group including one or more STAs
among the plurality of STAs which are associated therewith.
For example, the maximum number of paired STA may be
4 and when the maximum of time-space streams 1s 8, a
maximum of 4 time-space streams may be allocated to each
STA.

Further, 1n the WLAN system that supports Tunneled
Direct Link Setup (TDLS), Direct Link Setup (DLS), or a
mesh network, the STA that intends to transmit data may
transmit the PPDU to the plurality of STAs by using the

MU-MIMO transmission technique.
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Hereinafter, the case in which the AP transmits the PPDU

to the plurality of STAs according to the MU-MIMO trans-

mission technique will be described as an example.

The AP simultaneously transmits the PPDU to the STAs
which belongs to the transmission target STA group, which
are paired through different spatial streams. As described
above, the VHT-SIG A field of the VHT PPDU {format
includes the group ID information and the time-space stream

information, and as a result, each STA may verily whether
the corresponding PPDU 1s a PPDU transmitted thereto. In
this case, since the spatial stream 1s not allocated to a specific
STA of the transmission target STA group, data may not be
transmuitted.

A Group ID Management frame 1s used 1n order to assign
or change user positions corresponding to one or more
Group IDs. That 1s, the AP may announce STAs connected
with a specific group ID through the Group ID Management
frame before performing MU-MIMO transmission.

FIG. 16 1s a diagram 1illustrating a Group ID management
frame 1n the wireless communication system to which the
present invention may be applied.

Referring to FIG. 16, the Group ID Management as the
VHT action frame for supporting the VHT function includes
the Action field in the frame body. The Action field provides
a mechanism {for specilying management operations
included 1n and extended to the frame body of the MAC
frame.

The Action field 1s constituted by the Category field, the
VHT Action field, a Membership Status Array field, and a
User Position Array field.

The Category field 1s set to the value indicating a VHT

category (that 1s, VHT Action frame) and the VHT Action

field 1s set to a value indicating the Group 1D Management
frame.

The Membership Status Array field 1s comprised of a
Membership Status subfield of 1 bit for each group. When
the Membership Status subfield is set to *0’, the Membership
Status subfield indicates that the STA 1s not a member of the
corresponding group and when the Membership Status sub-
field 1s set to ‘1°, the Membership Status subfield indicates
that the STA 1s the member of the corresponding group. One
or more Membership Status subfields in the Membership
Status Array field are set to ‘1’ to allocate one or more
groups to the STA.

The STA may have one user position in each group which
belongs thereto.

The User Position Array field 1s comprised of a User
Position subfield of 2 bit for each group. The user position
of the STA 1n the group which belongs to the STA 1is
indicated by the User Position subfield in the User Position
Array field. The AP may allocate the same user position to
different STAs 1n each group.
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The AP may transmit the Group 1D Management frame
only when a dotll VHTOptionlmplemented parameter is
‘true’. The Group ID Management frame 1s transmitted only
to a VHT STA i which an MU Beamiormee Capable field
in a VHT Capabilities element field 1s set to *1°. The Group
ID Management frame 1s transmitted to a frame addressed to
cach STA.

The STA recerves the Group ID Management frame
having the RA field which matches the MAC address
thereol. The STA updates GROUP_ID MANAGEMENT
which 1s a PHYCONFIG_VECTOR parameter based on
contents of the Group ID Management frame which are
received.

Transmission of the Group ID Management to the STA
and transmission of the ACK from the STA therefor are
completed before transmitting the MU PPDU to the STA.

The MU PPDU 1s transmitted to the STA based on the
contents of the Group ID Management frame most recently
transmitted to the STA and the ACK 1is received.

DL MU-MIMO Frame

FI1G. 17 1s a view 1llustrating a downlink (DL) multi-user
PPDU format 1n a wireless communication system to which
the present invention 1s applicable.

Referring to FI1G. 17, the PPDU 1includes a preamble and
a data field. The data field may include a service field, a
scrambled PSDU field, tail bits, and padding bats.

An AP may aggregate MPDUs to transmit a data frame 1n
an aggregated MPDU (A-MPDU). Here, the scrambled
PSDU field may include the A-MPDU.

The A-MPDU may include a sequence of one or more

A-MPDU subframes.
In the case of VHT PPDU, a length of each of the
A-MPDU subirames 1s the multiple of 4 octets, and thus, in
order to adjust the A-MPDU to a final octet of the PSDU, the
A-MPDU may include a 0-3 end-of-frame (EOF) pad fol-
lowing a final A-MPDU subirame.

The A-MPDU subirame includes an MPDU delimiter, and
an MPDU may be selectively included after the MPDU
delimiter. Also, 1n order to make the length of each of the
A-MPDU subirames excluding the final A-MPDU subframe
the multiple of 4 octets, a pad octet 1s added to after the
MPDU.

The MPDU delimiter includes a reserved field, an MPDU
length field, a cyclic redundancy check (CRC) field, and a
delimiter signature field.

In the case of the VHT PPDU, the MPDU delimiter may
turther include an EOF field. In a case in which the MPDU
length field 1s 0 and an A-MPDU subirame used to pad or an
A-MPDU includes only one MPDU, an EOF field of an
A-MPDU subirame in which the corresponding MPDU 1s
included 1s set to 1. In otherwise case, the FOF field 1s set
to 0.

The MPDU length field includes information regarding a
length of the MPDU.

In a case 1 which the MPDU 1s not present 1n a corre-
sponding A-MPDU subirame, 1t 1s set to 0. An A-MPDU
subiframe 1n which a PDU length field has a value of 0 1s
used when a corresponding A-MPDU 1s padded to adjust the
A-MPDU to an available octet of VHT PPDU.

The CRC field includes CRC information for checking an
error, and the delimiter signature field includes pattern
information used for searching for an MPDU delimiter.

The MPDU includes a MAC header, a frame body, and a
frame check sequence (FCS).

FIG. 18 1s a view illustrating a DL multi-user PPDU
format 1n a wireless communication system to which the
present mvention 1s applicable.
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In FIG. 18, the number of STAs receiving a corresponding,
PPDU 1s assumed to be 3 and the number of spatial streams
allocated to each STA 1s assumed to be 1, but the number of
STAs paired with an AP and the number of spatial streams
allocated to each STA are not limited thereto.

Referring to FIG. 18, the MU PPDU 1s configured to
include L-TFs (1.e., an L-STF and an L-LTF), an L-SIG field,
a VHT-SIG-A ﬁeld a VHI-TFs (1.e., a VHI-STF and a
VHT-LTF), a VHT-SIG-B field, a service field, one or more
PSDUs, a padding field, and a tail bit. The L-TFs, the L-SIG
field, the VHT-SIG-A field, the VHT-TFs, and the VHT-
SIG-B field are the same as those of FIG. 4, and a detailed
description thereol 1s omitted.

Information for indicating PPDU duration may be
included 1n the L-SIG field. In the PPDU, PPDU duration
indicated by the L-SIG field includes a symbol to which the
VHT-SIG-A field has been allocated, a symbol to which the
VHT-TFs have been allocated, a field to which the VHT-
SIG-B field has been allocated, bits forming the service
field, bits forming a PSDU, bits forming the padding field,
and bits forming the tail field. An STA receirving the PPDU
may obtain information about the duration of the PPDU
through information indicating the duration of the PPDU
included in the L-SIG field.

As described above, group ID information and time and
spatial stream number information for each user are trans-
mitted through the VHT-SIG-A, and a coding method and
MCS information are transmitted through the VHT-SIG-B.
Accordingly, beamformees may check the VHT-SIG-A and
the VHT-SIG-B and may be aware whether a frame 1s an
MU MIMO frame to which the beamiormee belongs.
Accordingly, an STA which 1s not a member STA of a
corresponding group ID or which 1s a member of a corre-
sponding group ID, but in which the number of streams
allocated to the STA 1s “0’ 1s configured to stop the reception
of the physical layer to the end of the PPDU from the
VHT-SIG-A field, thereby being capable of reducing power
consumption.

In the group ID, an STA can be aware that a beamformee
belongs to which MU group and 1t 1s a user who belongs to
the users of a group to which the STA belongs and who 1s
placed at what place, that 1s, that a PPDU 1s received through
which stream by previously receiving a group ID manage-

ment frame transmitted by a beamformer.
All MPDUs transmitted 1n the VHT MU PPDU based on

802.11ac are included in the A-MPDU. In the data field of
FIG. 18, each VHT A-MPDU may be transmitted in different
streams.

In FIG. 18, the A-MPDUs may have diflerent bit sizes
because the size of data transmitted to each STA may be
different.

In this case, null padding may be performed so that the
time when the transmission of a plurality of data frames
transmitted by a beamiormer 1s ended 1s the same as the time
when the transmission of a maximum 1interval transmission
data frame 1s ended. The maximum interval transmission
data frame may be a frame 1n which valid downlink data 1s
transmitted by a beamformer for the longest time. The valid
downlink data may be downlink data that has not been null
padded. For example, the valid downlink data may be
included 1n the A-MPDU and transmitted. Null padding may
be performed on the remaining data frames other than the
maximum interval transmission data frame of the plurality
of data frames.

For the null padding, a beamformer may fill one or more
A-MPDU subirames, temporally placed in the latter part of
a plurality of A-MPDU subirames within an A-MPDU
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frame, with only an MPDU delimaiter field through encoding.
An A-MPDU subirame having an MPDU length of O can be

referred to as a null subframe.

As described above, 1n the null subframe, the EOF field of
the MPDU Delimaiter 1s set to ‘1°. Thus, when the EOF field
set to ‘17 1s detected 1n the MAC layer of an STA on the

receiving side, the reception of the physical layer 1s stopped,
thereby being capable of reducing power consumption.

Block Ack Procedure

FI1G. 19 1s a diagram 1illustrating a downlink MU-MIMO

transmission process 1n the wireless communication system

to which the present invention may be applied.
In 802.11ac, the MU-MIMO 1s defined in downlink

toward the client (that 1s, non-AP STA) from the AP. In this
case, a multi-user frame 1s simultancously transmitted to
multiple recipients, but reception acknowledgement needs to

be mdividually transmitted in uplink.
Since all MPDUs transmitted in the VHT MU PPDU

based on 802.11ac are included in the A-MPDU, not an
immediate response to the VHT MU PPDU but a response
to the A-MPDU 1n the VHT MU PPDU 1s transmitted in
response to a block Ack request (BAR) frame by the AP.

First, the AP transmits the VHT MU PPDU (that 1s, a
preamble and data) to all recipients (that 1s, STA 1, STA 2,
and STA 3). The VHT MU PPDU includes the VHT
A-MPDU transmitted to each STA.

STA 1 that receives the VHT MU PPDU from the AP
transmits a block acknowledgement (ACK) frame to the AP
alter the SIFS. More detailed description of the BA frame
will be made below.

The AP that receives the BA from STA 1 transmits block
acknowledgement request (BAR) to next STA 2 after the
SIFS and STA 2 transmits the BA frame to the AP after the
SIFS. The AP that receives the BA frame from STA 2
transmits the BAR frame to STA 3 after the SIFS and STA
3 transmits the BA frame to the AP after the SIFS.

When such a process 1s performed with respect to all

STAs, the AP transmits the next MU PPDU to all STAs.

Subfield

BAR Ack

Policy

Multi-TID
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In general, an ACK frame 1s used as a response to an

MPDU, and a block ACK frame 1s used as a response of an
A-MPDU.
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Retferring to FIG. 20, the ACK frame includes a frame
control field, a duration field, an RA field, and an FCS.

The RA field 1s set to a value of a second address (Address
2) of an immediately previously received data frame, a

management frame, a block ACK request frame, a block
ACK frame, or a PS-Poll frame.

In a case in which the ACK frame is transmitted by a
non-QoS station (STA), when a more fragment subfield of a
frame control field of the immediately previously received
data frame or the management frame 1s 0, the duration value
1s set to 0.

In the ACK frame not transmitted by the non-QoS STA,
the duration value 1s set to a value (ms) obtained by
subtracting a time required for transmission of the ACK
frame and an SIFS section from a duration/ID field of the
immediately previously received data frame, the manage-
ment frame, the block ACK request frame, the block ACK
frame, or the PS-Poll frame. When the calculated duration
value 1s not an integer value, the duration value 1s rounded
off.

Hereinatter, the block ACK (request) frame will be
described.

FIG. 21 1s a view 1llustrating an ACK block request frame
in a wireless communication system to which the present
invention 1s applicable.

Referring to FIG. 21, the block ACK request (BAR)
includes a frame control field, a duration/ID field, a recep-
tion address (RA) field, a transmission address (TA) field, a
BAR control field, a BAR information field, and a frame
check sequence (FCS).

The RA field may be set to an address of an STA which
receives a BAR frame.

The TA field may be set to an address of an STA which
transmits a BAR frame.

The BAR control field includes a BAR Ack policy sub-
field, a multi-TID subfield, a compressed bitmap subfield, a
reserved subfield, and a TID information (TID_Info) sub-
field.

Table 10 illustrates the BAR control field.

TABLE 10

Bit Description

1 It is set to O when transmitter requests immediate ACK.
It 1s set to 1 when transmitter does not request immediate
ACK.

1 It indicates type of BAR frame according to multi-TID

1 subfield and compressed bitmap subfield value
00: Basic BAR
01: Compressed BAR
10: Reserved value
11: Multi-TID BAR

O

4  Meaning of T
BAR frame.
In the case of basic BAR frame or compressed BAR frame, it
includes TID in which BA frame is requested.

In the case of multi-TID BAR {frame, it includes number of
TIDs.

)_Info field i1s determined according to type of

The BAR information field includes difterent information

according to a type of the BAR frame. This will be described
with reference to FIG. 22.

FIG. 22 1s a view 1llustrating a BAR 1nformation field of
a block ACK request frame in a wireless communication

FI1G. 20 is a view illustrating an ACK frame in a wireless 5 System 10 which the present invention 1s applicable.

communication system to which the present mvention 1is
applicable.

FIG. 22(a) 1llustrates a BAR information field of the basic
BAR frame and the compressed BAR frame, and FIG. 22(b)
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illustrates a BAR information field of the multi-TID BAR
frame.

Referring to FIG. 22(a), 1in the case of the basic BAR
frame and the compressed BAR frame, the BAR information
field includes a block ACK starting sequence control sub-
field.

Also, the Block Ack Starting Sequence Control subfield
includes a fragment number subfield and a starting sequence
number subfield.

The fragment number subfield 1s set to O.

In the case of the basic BAR frame, the starting sequence
number subfield includes a sequence number of a first
MSDU in which a corresponding BAR frame 1s transmitted.
In the case of the compressed BAR {frame, the starting
sequence control subfield includes a sequence number of a
first MSDU or an A-MSDU 1n which a corresponding BAR
frame 1s to be transmitted or.

Referring to FI1G. 22(b), 1n the case of the multi-TID BAR
frame, the BAR information field 1s configured such that a
Per TID Info subfield and a block ACK starting sequence
control subfield are repeated in one or more TIDs.

The Per TID Info subfield includes a reserved subfield and
a 'TID value subfield. The TID value subfield includes a TID
value.

The Block Ack Starting Sequence Control subfield
includes the Fragment Number subfield and Starting
Sequence Number subfield as described above. The Frag-
ment Number subfield 1s set to 0. The Starting Sequence
Control subfield includes a sequence number of a first
MSDU or the A-MSDU 1n which a corresponding BAR
frame 1s to be transmitted.

FIG. 23 1s a view illustrating a block ACK frame 1n a
wireless communication system to which the present inven-
tion 1s applicable.

Referring to FIG. 23, the block ACK (BA) frame includes
a frame control field, a duration/ID field, a reception address
(RA) field, a transmission address (TA) field, a BA control
field, a BA information field, and a frame check sequence
(FCS).

The RA field may be set to an address of an STA which

has requested a block ACK.

The TA field may be set to an address of an STA which
transmits a BA frame.

The BA control field includes a BA Ack policy subfield,
a multi-TID subfield, a compressed bitmap subfield, a
reserved subfield, and TID information (TID Info) subfield.

Table 11 illustrates a BA control field.

10

15

20

25

30

35

40

45

44

The BA information field includes diflerent information
according to a type of the BA frame. This will be described
with reference to FIG. 24.

FIG. 24 15 a view 1llustrating a BA information field of the
block ACK frame in a wireless communication system to
which the present invention 1s applicable.

FIG. 24(a) illustrates a BA information field of a basic BA
frame, FIG. 24(b) 1llustrates a BA imformation field of a
compressed BA frame, and FIG. 24(c) illustrates a BA
information field of a multi-TID BA frame.

Referring to FIG. 24(a), 1n the case of the basic BA frame,
the BA information field includes a Block ACK Starting
Sequence Control subfield and a Block ACK Bitmap sub-
field.

The Block Ack Starting Sequence Control subfield
includes a Fragment Number subficld and a Starting
Sequence Number subfield as described above.

The Fragment Number subfield 1s set to O.

The Starting Sequence Number subfield includes a
sequence number of a first MSDU {for transmitting a corre-
sponding BA frame and 1s set to the same value as that of an
immediately previously received Basic BAR frame.

The Block Ack Bitmap subfield has a length of 128 octets,
and 1s used to indicate a reception state of up to 64 MSDUs.
In the Block Ack Bitmap subfield, value 1 indicates that an
MPDU corresponding to a corresponding bit position has
been successiully received, and a value O indicates that an
MPDU corresponding to a corresponding bit position has

not been successiully received.
Reterring to FIG. 24(b), 1n the case of the Compressed BA

frame, the BA Information field includes a Block Ack
Starting Sequence Control subfield and a Block Ack Bitmap
subfield.
The Block Ack Starting Sequence Control subfield
includes a Fragment Number subfield and a Starting
Sequence Number subfield.
The Fragment Number subfield 1s set to O.

The Starting Sequence Number subfield includes a
sequence number of a first MSDU or A-MSDU for trans-
mitting a corresponding BA frame, and 1s set to the same

value as that of the immediately previously received Basic
BAR frame.

The Block Ack Bitmap subfield has a length of 8 octets,
and 1s used to indicate a reception state of up to 64 MSDUs
and A-MSDUSs. Value 1 of the Block Ack Bitmap subfield
indicates that a single MSDU or A-MSDU corresponding to

a corresponding bit position has been successtully received,

TABLE 11

Subfield Bit Description
BA Ack 1 It is set to O when transmuitter requests immediate ACK.
Policy It 1s set to 1 when transmitter does not request immediate ACK.
Multi-TID 1 It indicates type of BA frame according to multi-TID subfield and
Compressed 1 compressed bitmap subfield value
Bitmap 00: Basic BA

01: Compressed BA

10: Reserved value

11: Multi-TID BA
Reserved 9
TID_Info 4 Meaning of TID_Info field i1s determined according to type of BA

frame.

In the case of basic BA frame or compressed BA frame, it includes

TID requesting BA frame.

In the case of multi-TID BA frame, it includes number of TIDs.
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and value 0 imdicates that a single MSDU or A-MSDU
corresponding to a corresponding bit position has not been
successiully received.

Referring to FIG. 24(c), in the case of the multi-TID BA
frame, a BA Information field includes a per TID Info
subfield, a Block Ack Starting Sequence Control subfield,
and a Block Ack Bitmap subfield repeated by one or more

TIDs and 1s configured in order that TIDs are increased.
The Per TID Info subfield includes a reserved subfield and

a TID Value subfield. The TID Value subfield includes a TID
value.

The Block Ack Starting Sequence Control subfield
includes the Fragment Number and Starting Sequence Num-
ber subfields as described above. The Fragment Number
subfield 1s set to 0. The Starting Sequence Control subfield
includes a sequence number of a first MSDU or A-MSDU 1n
which a corresponding BA frame 1s to be transmuitted.

The Block Ack Bitmap subfield has a length of 8 octets.
In the Block Ack Bitmap subfield, value 1 indicates that a
single MSDU or A-MSDU corresponding to a correspond-
ing bit position has been successiully received, and value O
indicates that a single MSDU or A-MSDU corresponding to
a corresponding bit position has not been successiully
received.

Uplink SU/MU Transmission Method

With a lot of attention of vendors of various fields paid
regarding next-generation Wi-F1 and demand for high
throughput and enhancement of quality of experience (QoE)
performance increased following 802.11ac, a new frame
format and numerology for a 802.11ax system as a next-
generation WLAN system have been actively discussed.

IEEE 802.11ax as a next-generation WLAN system for
supporting higher data rate and processing a higher user load

1s one of WL AN systems that have been newly proposed 1n
recent years 1s called high efliciency WLAN (HEW)

The IEEE 802.11ax WLAN system may operate 1n a 2.4
GHz frequency band and a 5 GHz frequency band similarly
to the existing WLA system. Further, the IEEE 802.11ax
WLAN system may operate even 1 a 60 GHz frequency
band higher therethan.

In the IEEE 802.11ax system, in order to ensure an
average throughput enhancement and outdoor robust trans-
mission over mter-symbol interference, an FFT size four

times greater m each bandwidth than that of the existing
IEEE 802.11 OFDM system (IEEE 802.11a, 802.11n,

802.11ac, etc.) may be used. This will be described with
reference to FIG. 235

Hereinafter, in describing an HE format PPDU of the
present ivention, above descriptions of a non-HT format

PPDU, an HT-mixed format PPDU, an HT-green field for-
mat PPDU and/or a VHT format PPDU may be incorporated
in the descriptions of an HE format PPDU, unless otherwise
mentioned.

FIG. 25 1s diagrams illustrating a high efliciency (HE)
format PPDU according to an embodiment of the present
invention.

FIG. 25(a) illustrates a schematic structure of the HE
format PPDU and FIGS. 25(b) to 25(d) illustrates a more
detailed structure of the HE format PPDU.

Referring to FIG. 25(a), the HE format PPDU for the
HEW may be generally comprised of a legacy part (L-part),
an HE part (HE-part), and a data field (HE-data).

The L-part includes an L-STF field, an L-LTF field, and
an L-SIG field which are the same as a form maintained 1n
an existing WLAN system. The L-STF field, the L-LTF
field, and the L-SIG field may also be termed a legacy
preamble.
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The HE-part 1s a part newly defined for 802.11ax standard
and may include an HE-STF field, an HE-SIG field, and an
HE-LTF field. In FIG. 25(a), the HE-STF field, the HE-SIG
field, and the HE-LTF field are sequentially illustrated, but
these fields may also be configured in different order. Also,

the HE-L'TF may be omitted. The HE-SIG field, as well as
the HE-SFT field and the HE-LTF field, may be generally
called an HE-preamble.

Also, the L-part, HE-SIG field, and the HE-preamble may

be generally called a physical (PHY) preamble.

The HE-SIG may include information (e.g., OFDMA, UL
MU MIMO, enhanced MCS, etc.) for decoding an HE-data
field.

The L-part and the HE-part may have different Fast
Fourier Transtorm (FFT_size (i.e., subcarrier spacing), and
may use different cyclic prefix (CP).

The 802.11ax system may use (4x) FF'T four times greater
than that of a legacy WLAN system. That 1s, the L-part has
a 1x symbol structure and the HE-part (in particular, HE-
preamble and HE-data) may be configured to have a 4x
symbol structure. Here, the 1x, 2x, and 4x-sized FFT refers
to a relative size with respect to a legacy WLAN system
(e.g., IEEE 802.11a, 802.11n, 802.11ac, etc.)

For example, when the FFT sizes used in the L-part are
64, 128, 256, and 3512 respectwely in 20 MHz, 40 MHz, 80
MHz, and 160 MHz, FFT sizes used in the HE-part may be
256,512, 1024, and 2048, respectively, in 20 MHz, 40 MHz,
80 MHz, and 160 MHz.

In this manner, when the FFT size 1s increased to be
greater than that of the legacy WLAN system, subcarrier
frequency spacing i1s reduced, increasing the number of
subcarriers per unit frequency but increasing a length of an
OFDM symbol.

That 1s, the use of greater FFT size refers to narrowed
subcarrier spacing and also increased IDFT (Inverse Dis-
crete Fourier Transform)/DFT (Discrete Fourier Transform)
period. Here, the IDTE/DTF period may refer to a symbol
length excluding a guard interval (GI) 1n an OFDM symbol.

Thus, when an FFT size four times greater than that of the
L-part 1s used in the HE-part (1n particular, HE-preamble and
HE-data), subcarrier spacing of the HE-part 1s 4 times
subcarrier spacing of the L-part and an IDFT/DFT period of
the HE-part 1s four times an IDF'T/DFT period of L-part. For
example, when subcarrier spacing of the L-part 1s 312.5 kHz
(=20 MHz/64, 40 MHZ/128, 80 MHz/256 and/or 160 MHz/
512), subcarner spacing of the HE-part may be 78.125 kHz
(=20 MHz/256, 40 MHZ/512, 80 MHz/1024 and/or 160
MHz/2048). Alse when an IDFT/DFT of the L-part 1s 3.2 us
(=1/312.5 kHz), an IDFT/DFT period of the HE-part may be
12.8 us (=1/78.125 kHz).

Here, for the GI, one of 0.8 us, 1.6 us, 3.2 us may be used,
and thus, an OFDM symbol length (or symbol interval) of
the HE-part including GI may be 13.6 us, 14.4 us, 16 us
according to the GI.

Reterring to FIG. 25(b), the HE-SIG field may be divided
into an HE-SIG A field and an HE-SIG B field.

For example, the HE-part of the HE format PPDU may
include an H'ﬁ-SIG A field having a length of 12.8 us, an
HE-STF field of 1 OFDM symbol, one or more HE-LTF
fields, and an HE-SIG B field of 1 OFDM symbol.

Further, 1n the HE-part FFT having a size which 1s four
times larger than the existing PPDU may be applied from the
HE-STF field except for the HE-SIG A field. That 1s, FFT
having sizes of 256, 512, 1024, and 2048 may be applied
from the HE-STF fields of the HE format PPDUs of 20
MHz, 40 MHz, 80 MHz, and 160 MH, respectively.
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However, as illustrated in FIG. 25(b), when the HE-SIG
1s transmitted while being divided into the HE-SIG A field
and the HE-SIG B field, the positions of the HE-SIG A field
and the HE-SIG B field may be different from those of FIG.
25(b). For example, the HE-SIG B field may be transmitted
after the HE-SIG A field, and the HE-STF field and the
HE-LTF field may be transmitted after the HE-SIG B field.
Similarly even 1n this case, FFT having a size which 1s four

times larger than the existing PPDU may be applied from the
HE-STF field.

Referring to FIG. 25(c), the HE-SIG field may not be
divided into the HE-SIG A field and the HE-SIG B field.

For example, the HE-part of the HE format PPDU may
include the HE-STF field of 1 OFDM symbol, the HE-SIG

field of 1 OFDM symbol and one or more HE-LTF fields.

Field

Bandwidth

Group 1D

10

15

Stream information

UL indication
MU indication
(I imdication

Allocation
information

Transmission power

Similarly thereto, the FFT having a size which i1s four
times larger than the existing PPDU may be applied from the

HE-part. That 1s, the FFT having sizes of 256, 512, 1024,
and 2048 may be applied from the HE-STF fields of the HE
format PPDUSs of 20 MHz, 40 MHz, 80 MHz, and 160 MH,
respectively.

Referring to FIG. 25(d), the HE-SIG field may not be
divided into the HE-SIG A field and the HE-SIG B field and
the HE-LTF field may be omutted.

For example, the HE-part of the HE format PPDU may
include the HE-STF field of 1 OFDM symbol and the
HE-SIG field of 1 OFDM symbol.

Similarly thereto, the FFT having a size which i1s four
times larger than the existing PPDU may be applied to the
HE-part. That 1s, the FFT having sizes of 256, 512, 1024,
and 2048 may be applied from the HE-STF fields of the HE
format PPDUs of 20 MHz, 40 MHz, 80 MHz, and 160 MH,
respectively.

The HE format PPDU for the WLAN system according to
the present invention may be transmitted through at least one
20-MHz channel. For example, the HE format PPDU may
be transmitted in the 40 MHz, 80 MHz, or 160 MHz
frequency band through a total of four 20-MHz channel.
This will be described 1n more detail with reference to a
drawing given below.

FIG. 26 1s a diagram illustrating an HE format PPDU

according to an embodiment of the present invention.
In FIG. 26, the PPDU format when 80 MHz 1s allocated

to one STA (or when an OFDMA resource unit 1s allocated
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to a plurality of STAs within 80 MHz) or when different
streams of 80 MHz are allocated to the plurality of STAs,
respectively 1s illustrated.

Retferring to FIG. 26, the L-STF, the L-LTF, and the
L-SIG may be transmitted to the OFDM symbol generated
based on 64 FFT points (alternatively, 64 subcarriers) in
cach 20-MHz channel.

The HE-SIG A field may include common control infor-

mation commonly transmitted to the STAs receiving the

PPDU. The HE-SIG A field may be transmitted in one to
three OFDM symbols. The HE-SIG A field 1s duplicated by
the unit of 20 MHz and includes the same information.
Further, the HE-SIG-A field announces total bandwidth
information of the system.

Table 12 1s a diagram illustrating information included 1n
the HE-SIG A field.

TABLE 12
The
number of
bits Description

2 Indicates the bandwidth in which the PDDU 1is transmitted
For example, 20 MHz, 40 MHz, 80 MHz, or 160 MHz

6 Indicates the STA or the group of the STAs which will
receive the PPDU

Indicates the position or the number of the spatial stream for

cach STA, or indicates the position or the number of the

spatial stream for the group of the STAs

1 Indicates whether the PPDU 1s transmitted toward the AP
(uplink) or the STA (downlink)

1 Indicates whether the PPDU 1s the SU-MIMO PPDU or the

MU-MIMO PPDU
1 Indicates whether a short GI or a long GI is used

12 Indicates a band or channel (subchannel index or subband
index) allocated to each STA in a band in which the PPDU
1s transmitted

12 Indicates transmission power for each channel or each STA

The information included in the respective fields may
tollow the definition of the IEEE 802.11 system. Further, the
respective fields correspond to examples of the fields which
may be included in the PPDU and are not limited thereto.
That 1s, each field may be substituted with another field or
turther include an additional field and all fields may not be

requisitely included.

The HE-STF 1s used to enhance performance of AGC
estimation 1n MIMO transmission.

The HE-SIG B field may include user-specific informa-

tion required for each STA to receive data (for example,
PSDU) thereotf. The HE-SIG B field may be transmitted 1n

one or two OFDM symbols. For example, the HE-SIG B
field may include a modulation and coding scheme (MCS)
of the corresponding PSDU and information on the length of
the PSDU.

The L-STF, L-LTF, L-SIG and HE-SIG A fields may be
repeatedly transmitted by the umt of the 20-MHz channel.
For example, when the PPDU 1s transmitted through four
20-MHz channels (that 1s, 80-MHz band), the L-STFE,
L-LTE, L-SIG and HE-SIG A fields may be repeatedly
transmitted by the unit of the 20-MHz channel.

When the size of the FFT increases, the legacy STA
supporting the existing IEEE 802.11a/g/n/ac may not decode
the corresponding HE PPDU. The L-STF, L-LTF and L-SIG
fields are transmaitted through 64 FFT in the 20-MHz channel
so as to be received by the legacy STA so that the legacy
STA and the HE STA coexist. For example, the L-SIG field
may occupy one OFDM symbol, one OFDM symbol time
may be 4 us, and the GI may be 0.8 us.
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The FFT size for each frequency unit may further increase
from the HE-STF (alternatively, HE-SIG A). For example,

256 FFT may be used in the 20-MHz channel, 512 FFT may
be used 1n the 40-MHz channel, and 1024 FFT may be used
in the 80-MHz channel. When the FFT size increases, an
interval between OFDM subcarriers decreases, and as a
result, the number of OFDM subcarriers per frequency
increases, but the OFDM symbol time 1s lengthened. For
improvement the etliciency of the system, the length of the

GT after the HE-STF may be set to be the same as the length
of the GI of the HE-SIG A.

The HE-SIG A field may include mnformation required for
the HE STA to decode the HE PPDU. However, the HE-SIG
A field may be transmitted 1n the 20-MHz channel through
64 FFT so as to be received by both the legacy STA and the
HE STA. The reason 1s that the HE STA may receive the
existing HI/VHT format PPDU as well as the HE format
PPDU, and the legacy STA and the HE STA need to
distinguish the HI/VHT format PPDU and the HE format
PPDU.

FIG. 27 1s a diagram 1illustrating an HE format PPDU
according to an embodiment of the present invention.

In FIG. 27, a case in which 20-MHz channels are allo-
cated to different STAs (for example, STA 1, STA 2, STA 3,
and STA 4), respectively 1s assumed.

Referring to FIG. 27, the FFT size per frequency may
turther increase from the HE-STF (alternatively, HE-SIG B).
For example, 256 FF'T may be used in the 20-MHz channel
from the HE-STF (alternatively, HE-SIG B), 512 FFT may
be used 1n the 40-MHz channel, and 1024 FFT may be used
in the 80-MHz channel.

Since the information transmitted in each field included 1n
the PPDU 1s the same as the example of FIG. 26, description
of the mmformation will be heremaiter omitted.

The HE-SIG B field may include information specific to
cach STA, but be encoded throughout all bands (that is,
indicated 1n the HE-SIG A field). That 1s, the HE-SIG B field
includes mformation on all STAs and all STAs receive the
HE-SIG B field.

The HE-SIG B field may announce frequency bandwidth
information allocated for each STA and/or stream 1nforma-
tion 1n the corresponding frequency band. For example, in
FIG. 27, in the HE-SIG B, 20 MHz may be allocated to STA
1, the next 20 MHz may be allocated to STA 2, the next 20
MHz may be allocated to STA 3, and the next 20 MHz may
be allocated to STA 4. Further, 40 MHz may be allocated to
STA 1 and STA 2 and the next 40 MHz may be allocated to
STA 3 and STA 4. In this case, diflerent streams may be
allocated to STA 1 and STA 2 and different streams may be
allocated to STA 3 and STA 4.

Further, the HE-SIG C field 1s defined to add the HE-SIG
C field to the example of FI1G. 27. In this case, 1n the HE-SIG
B field, mformation on all STAs may be transmitted

throughout all bands and control information specific to each
STA may be transmitted by the unit of 20 MHz through the

HE-SIG C field.

Further, unlike the examples of FIGS. 26 and 27, the
HE-SIG B field may not be transmitted through all bands but
transmitted by the unit of 20 MHz similarly to the HE-SIG
A field. This will be described 1n detail with reference to the
following drawings.

FIG. 28 1s a diagram 1illustrating an HE format PPDU
according to an embodiment of the present invention.

In FIG. 28, the case in which 20-MHz channels are
allocated to different STAs ({or example, STA1, STA 2, STA

3, and STA 4), respectively 1s assumed.

10

15

20

25

30

35

40

45

50

55

60

65

50

Reterring to FIG. 28, the HE-SIG-B field 1s transmitted 1n
units of 20 MHz, the same as that of the HE-SIG-A field,
rather than being transmitted in the entire band. Here,
however, the HE-SIG-B 1s encoded and transmitted 1n unaits
of 20 MHz diflerent from that of the HE-SIG-A field, but
may not be duplicated and transmitted 1n umts of 20 MHz.

In this case, the FFT size per frequency may further
increase ifrom the HE-STF (alternatively, HE-SIG B). For
example, 256 FF'T may be used in the 20-MHz channel from
the HE-STF (altematively, HE-SIG B), 512 FFT may be
used 1n the 40-MHz channel, and 1024 FFT may be used in
the 80-MHz channel.

Since the information transmitted 1n each field included 1n
the PPDU 1s the same as the example of FIG. 26, description

of the information will be hereinatter omitted.
The HE-SIG A field 1s transmitted while being duplicated

by the umt of 20 MHz.

The HE-SIG B field may announce the frequency band-
width information allocated for each STA and/or the stream
information in the corresponding frequency band. Since the
HE-SIG B field includes the information on each STA, the
information on each STA may be included for each HE-SIG
B field of the unit of 20 MHz. In this case, in the example
of FIG. 28, the case in which 20 MHz 1s allocated for each
STA 1s exemplified, but for example, when 40 MHz 1s
allocated to the STA, the HE-SIG B field may be duplicated
and transmitted by the unit of 20 MHz.

When a partial bandwidth having a low interference level
from an neighboring BSS 1s allocated to the STA 1n an
environment 1n which different bandwidths are supported for
cach BSS, 1t may be more preferable not to transmit the
HE-SIG B field throughout all bands as described above.

In FIGS. 26 to 28, the data field as a payload may include

a Service field, a scrambled PSDU, tail bits, and padding
bits.

Meanwhile, the HE format PPDU as illustrated in FIGS.
26 to 28 may be distinguished through an RL-SIG (Repeated
L-SIG) field as a repetitive symbol of the L-SIG field. The
RL-SIG field may be inserted before the HE-SIG-A field,
and each STA may 1dentity a format of a received PPDU as
an HE format by using the RL-SIG field.

FIG. 29 1s a view 1illustrating an HE format PPDU of an
20 MHz band according to an embodiment of the present

invention.

Referring to FIG. 29, 1 the 20 MHz HE format PPDU
structure, the L-part (L-STF, L-LTF, and L-SIG fields), and
the HE-SIG1 (e.g., the HE-SIG-A) are transmitted in the
same manner as those of the legacy structure.

As 1llustrated 1n FIG. 29(a), FFT (e.g., 256 FFT) may be
used, starting from HE-STF.

The HE-LTF may be transmitted before the HE-SIG2 (for
example, HE-SIG-B), but only the HE-LTF {for the first
stream may be transmitted before the HE-SIG2 and the
remaining HE-LTF may be transmitted after the HE-.

Also, as illustrated in FIG. 29(b), when the HE-SIG2
(e.g., HE-SIG-B) comes before the HE-STF and the HE-
LTF, the HE-SIG2 may use 64 FFT and different FFT (e.g.,
256 FFT) may be used, starting from the HE-STF. Here, the
HE-SIG2 may be transmitted in the same manner (64 FFT)
as that of the legacy structure, and the FFT size may be the
same as that of the legacy structure and the number of used

tones may be different from each other. Also, as 1llustrated

in FIG. 29(a), diflerent FFT (e.g., 256 FFT) may be used,
starting from HE-SIG2.

FIG. 30 1s a view 1illustrating an HE format PPDU of 40
MHz band according to an embodiment of the present

invention.




US RE49,420 E

51

Referring to FIG. 30, the HE format PPDU structure
higher than 20 MHz (e.g., 40, 80, 160 MHz, etc.) 1s based
on the structure of 20 MHz described above and the L-part
(-STE, L-LTF, and L-SIG fields) and the HE-SIG1 field (e.g.,
HE-SIG-A field) are duplicated 1n umts of 20 MHz.

As illustrated 1n FI1G. 30(a), starting from HE-STF, infor-
mation 1s included across the entire band. Also, starting from
the HE-STEF, different FFT (e.g., 512 FFT) may be used.

As 1llustrated i FIG. 30(b), starting from the HE-SIG2
(e.g., the HE-SIG-B field), information 1s included across
the entire band. However, the HE-SIG2 may be transmitted
by the number of bands (in case of FIG. 30, 128 FFT) of 64
FFTx20 MHz unit like the existing structure and a different
FFT (e.g., 512 FFT) may be used, starting from HE-STF.
Also, the HE-SIG2 may also be duplicated and transmitted
in units of 20 MHz using the existing FFT or using an
extended FFT (e.g., 512 FFT), starting from the HE-STF.

A scheme 1n which an AP operated in a WLAN system
transmits data to a plurality of STAs 1n the same time
resource may be referred to as a downlink multi-user (DL
MU) transmission. Conversely, a scheme 1n which a plural-
ity of STAs operated in the WLAN system transmit data to
an AP 1n the same time resource may be referred to as UL
MU transmission.

Such DL MU transmission or UL MU transmission may
be multiplexed 1n a frequency domain or a spatial domain.

When the DL MU transmission or UL MU transmission
1s multiplexed 1n the frequency domain, different frequency
resources (€.g., subcarrier or tone) may be allocated as DL
or UL resource to each of the plurality of STAs based on
orthogonal frequency division multiplexing (OFDMA).
Such a transmission scheme through different frequency
resources 1n the same time resource may be termed a

“DL/UL OFDMA transmission”.

When the DL MU transmission or UL MU transmission
1s multiplexed in the spatial domain, different spatial streams
may be allocated as DL or UL resource to each of the
plurality of STAs. Such a transmission scheme through the
different spatial streams 1n the same time resource may be
termed a “DL/UL MU MIMO”.

Hereinafter, a MU UL transmission method in a WLAN
system will be described.

At present, UL MU transmission may not be supported
due to the following constraints in the WLAN system.

At present, 1n the WLAN system, synchronization with a
transmission timing of the uplink data transmitted from the
plurality of STAs 1s not supported. For example, when the
case where the plurality of STAs transmits the uplink data
through the same time resource in the existing WLAN
system 1s assumed, the plurality of respective STAs may not
know the transmission timing of the uplink data of another
STA 1n the WLAN system at present. Accordingly, it 1s
difficult for the AP to receive the uplink data on the same
time resource from the plurality of respective STAs.

Further, frequency resources used for transmitting the
uplink data may overlap with each other by the plurality of
STAs 1n the WLAN system at present. For example, when
oscillators of the plurality of respective STAs are different
from each other, frequency oflsets may be expressed to be
different from each other. When the plurality of respective
STAs 1n which the frequency offsets are diflerent simulta-
neously performs the uplink transmission through different
frequency resources, some of frequency areas used by the
plurality of respective STAs may overlap with each other.

Further, 1n the existing WLAN system, power control for
the plurality of respective STAs 1s not performed in the
existing WLAN system. The AP may receive signals having
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different powers from the plurality of respective STAs
dependently to distance and channel environments between
cach of the plurality of STAs and the AP. In this case, it may
relatively more dithcult for the AP to detect a signal which
reaches with weak power than a signal which reaches with
strong power.

Accordingly, the present ivention proposes a UL MU
transmission method in a WLAN system.

FIG. 31 1s a diagram illustrating an uplink multi-user
transmission procedure according to an embodiment of the
present 1nvention.

Referring to FIG. 31, the AP indicates preparing for the
UL MU transmission to the STAs which participate in the
UL MU transmission, receives a UL MU data frame from the
corresponding STAs, and transmits the ACK frame (Block-
Ack (BA) frame) 1n response to the UL MU data frame.

First, the AP transmits a UL MU trigger frame 3110 to
indicate preparing for the UL MU transmission to the STAs
that will transmit the UL MU data. Herein, the UL MU
scheduling frame may also be called a term such as ‘UL MU
scheduling frame’.

Herein, the UL MU trigger frame 3110 may include
control information including STA identifier (ID)/address
information, resource allocation information to be used by
each STA, duration information, and the like.

The STA ID/address information means information on an
identifier or address for specifying each STA that transmits
the uplink data.

The resource allocation information means information
on an uplink transmission resource (for example, frequency/
subcarrier information allocated to each STA 1n the case of
the UL OFDMA transmission and a stream index allocated
to each STA 1n the case of the UL MU MIMO transmission)
allocated for each STA.

The duration information means information for deter-
mining a time resource for transmitting the uplink data
frame transmitted by the plurality of respective STAs.

For example, the duration information may include inter-
val information of a transmit opportunity (IXOP) allocated
for uplink transmission of each STA, or information (for
example, a bit or symbol) on the length of the uplink frame.

Further, the UL MU trigger frame 3110 may further
include control information, including MCS information,
coding information, and the like to be used at the time of
transmitting the UL MU data frame for each STA.

The control information may be transmitted 1n the HE-
part ({or example, the HE-SIG A field or HE-SIG B field) of
the PPDU transierring the trigger frame 3110 or a control
field (for example, the frame control field of the MAC frame,
and the like) of the UL MU scheduling frame 2510.

The PPDU transferring the UL MU trigger frame 3110 has
a structure which starts with the L-part (for example, the
L-STF field, the L-LTF field, the L-SIG field, and the like).
As a result, the legacy STAs may perform network alloca-
tion vector (NAV) setting through L-SIG protection from the
L-SIG field. For example, the legacy STAs may calculate a
duration (hereinafter, ‘L-SIG protection duration’) for the
NAV setting based on data length and data rate information
in the L-SIG In addition, the legacy STAs may determine
that there 1s no data transmitted thereto during the calculated
L-SIG protection duration.

For example, the L-SIG protection duration may be
determined as the sum of an MAC duration field value of the
UL MU trlgger frame 3110 and a residual duration after the
L-SIG field in the PPDU transterring the UL MU trigger
frame 3110. As a result, the L-SIG protection duration may
be set to a value up to a duration in which an ACK frame
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3130 (or BA frame) transmitted to each STA 1s transmitted
according to the MAC duration value of the UL MU trigger
frame 3110.

Hereinafter, the resource allocation method for UL MU
transmission to each STA will be described 1n more detal.
For easy description, the field including the control infor-
mation 1s distinguished and described, but the present inven-
tion 1s not limited thereto.

A first field may distinguish and indicate the UL OFDMA
transmission and the UL MU MIMO transmission. For
example, 1n the case of *0’, the first field may indicate the UL
MU OFDMA transmission and in the case of °1°, the first
field may indicate the UL MU MIMO transmission. The size
of the first field may be configured by 1 bit.

A second field (for example, STA ID/address field)
announces STA IDs or STA addresses that will participate 1in
the UL MU transmission. The size of the second field may
be configured by the number of bits for announcing the STA
IDxthe number of STAs which will participate in UL MU.
For example, when the second field 1s configured by 12 bits,
the second field may indicate the ID/address of each STA for
cach 4 bit.

A third field (for example, resource allocation field)
indicates a resource area allocated to each STA for the UL
MU transmission. In this case, the resource area allocated to
cach STA may be sequentially indicated to each STA accord-
ing to the order of the second field.

When the first field value 1s ‘0°, the third field value
represents frequency information (for example, a frequency
index, a subcarrier mdex, and the like) for the UL MU
transmission in the order of the STA ID/address included in
the second field and when the first field value 1s ‘1°, the third
field value represents MIMO 1nformation (for example, a
stream 1ndex, and the like) for the UL MU transmission 1n
the order of the STA ID/address included 1n the second field.

In this case, since multiple indexes (that 1s, the frequency/
subcarrier index or stream 1ndex) may be known to one STA,
the size of the third field may be configured by a plurality of
bits (alternatively, may be configured 1n a bitmap format)x
the number of STAs which will participate in the UL MU
transmission.

For example, 1t 1s assumed that the second field 1s set in
the order of ‘STA 1" and ‘STA 2’ and the third field 1s set in
the order of ‘2” and 2.

In this case, when the first field 1s ‘1°, the frequency
resource may be allocated to STA 1 from a higher (alterna-
tively, lower) frequency domain the next frequency resource

may be sequentially allocated to STA 2. As one example,
when 20 MHz-unit OFDMA 1s supported in the 80 MHz

band, STA may use a higher (alternatively, lower) 40 MHz
band and STA 2 may use the next 40 MHz band.

On the contrary, when the first field 1s °1°, a higher
(alternatively, lower) may be allocated to STA 1 and the next
stream may be sequentially allocated to STA 2. In this case,
a beamforming scheme depending on each stream may be
predesignated or more detailed information on the beam-

forming scheme depending on the stream may be included

in the third field or a fourth field.

Each STA transmits UL MU data frames 3121, 3122, and
3123 to the AP based on the UL MU trigger franle 3110
transmitted by the AP. Herein, each STA may receive the UL

MU trigger frame 3110 and thereafter, transmit the UL MU
data frames 3121, 3122, and 3123 to the AP after the SIFS.

Each STA may determine a specific frequency resource
for the UL OFDMA transmission and the spatial stream for
the UL MU MIMO transmission based on the resource

allocation information of the UL MU trigger frame 3110.
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In detail, 1n the case of the UL OFDMA transmission, the
respective STAs may transmit the uplink data frame on the
same time resource through different frequency resources.

Herein, respective STA 1 to STA 3 may be allocated with
different frequency resources for transmitting the uplink data
frame based on the STA ID/address information and the
resource allocation information included in the UL MU
trigger frame 3110. For example, the STA ID/address infor-
mation may sequentially indicate STA 1 to STA 3 and the
resource allocation information may sequentially indicate
frequency resource 1, frequency resource 2, and frequency
resource 3. In this case, STA 1 to STA 3 sequentially
indicated based on the STA ID/address mnformation may be
allocated with frequency resource 1, frequency resource 2,
and frequency resource 3 sequentially indicated based on the
resource allocation information, respectively. That1s, STA 1,

STA 2, and STA 3 may transmit the uplink data frames 3121,
3122, and 3123 to the AP through frequency 1, frequency 2,
and frequency 3, respectively.

Further, 1n the case of the UL MU MIMO transmission,
the respective STAs may transmit the uplink data frame on
the same time resource through one or more different
streams among the plurality of spatial streams.

Herein, respective STA 1 to STA 3 may be allocated with
the spatial streams for transmitting the uplink data frame
based on the STA ID/address information and the resource
allocation information included 1n the UL MU trigger frame
3110. For example, the STA ID/address mformation may
sequentially indicate STA 1 to STA 3 and the resource
allocation information may sequentially indicate spatial
stream 1, spatial stream 2, and spatial stream 3. In this case,
STA 1 to STA 3 sequentially indicated based on the STA
ID/address information may be allocated with spatial stream
1, spatial stream 2, and spatial stream 3 sequentially indi-
cated based on the resource allocation information, respec-

tively. That 1s, STA 1, STA 2, and STA 3 may transmit the
uplink data frames 3121, 3122, and 3123 to the AP through
spatial stream 1, spatial stream 2, and spatial stream 3,
respectively.

A transmission duration (alternatively, a transmission end
time) of the uplink data frames 3121, 3122, and 3123
transmitted by each STA may be determined by the MAC
duration information included 1in the UL MU trigger frame
3110, alternatively, the UL MU trigger frame 3110 may
separately indicate the length of the UL MU PPDU.

Each STA may synchronize the transmission end time of
he uplink data frames 3121, 3122, and 3123 (alternatively,
ne uplink PPDU transferring the uplink data frames)
hrough bit padding or fragmentation based on the length of

ne UL MU PPDU or the MAC duration value indicated 1n
he UL MU trigger frame 3110.

The PPDU transferring the uplink data frames 3121,
3122, and 3123 may be configured even in a new structure
without the L-part.

Further, 1n the case of the UL MU MIMO transmission or
UL OFDMA transmission of a subband type less than 20
MHz, the L-part of the PPDU transferring the uplink data
frames 3121, 3122, and 3123 may be transmitted 1n an single
frequency network (SFN) scheme (that 1s, all STAs simul-
taneously transmit the same L-part configuration and con-
tent). On the contrary, in the case of the UL MU OFDMA
transmission ol a subband type equal to or more than 20
MHz, the L-part of the PPDU transierring the uplink data
frames 3121, 3122, and 3123 may be transmitted by the unit
of 20 MHz in the band to which each STA 1s allocated.
The MAC duration value 1n the UL MU trigger frame

3110 may be set to a value up to a duration 1n which the ACK
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frame 3130 1s transmitted. Accordingly, the legacy STA may
perform the NAV setting up to the ACK frame 3130 through

the MAC duration value of the UL MU trigger frame 3110.

When the uplink data frame may be sufliciently config-
ured with the information of the UL MU trigger frame 3110,
the HE-SIG field (that 1s, an area in which control informa-
tion for a configuration scheme of the data frame) n the
PPDU ftransferring the UL MU trigger frame 3110 may not
also be required. For example, the HE-SIG A field and/or the
HE-SIG B field may not be transmitted. Further, the HE-SIG
A field and the HE-SIG C field may be transmitted and the
HE-SIG B field may not be transmitted.

The AP may transmit the ACK frame 3130 (or BA frame)
in response to the uplink data frames 3121, 3122, and 3123
received from each STA. Herein, the AP may receive the

uplink data frames 3121, 3122, and 3123 from each STA and
transmit the ACK frame 3130 to each STA after the SIFS.

When the existing structure of the ACK frame 1s similarly
used, AIDs (alternatively, partial AID) of the STAs which

participate 1n the UL MU transmission may be configured to
be mncluded 1n the RA field having a size of 6 octets.

Alternatively, when the ACK frame having a new struc-
ture 1s configured, the ACK frame may be configured in a
form for the DL SU transmission or DL MU transmission.
That 1s, 1n the case of the DL SU transmission, ACK
information for STAs participating in the UL MU transmis-
s1on can be transmitted 1n one frame by encoding at a time,
and 1n the case of the DL MU transmission, the ACK frame
3130 may be transmitted to each STA in the scheme of an
OFDMA or the like.

The AP may transmuit only the ACK frame 3130 for the
UL MU data frame which 1s successiully received to the

corresponding STA. Further, the AP may announce whether
the UL MU data frame 1s successiully received as ACK or

NACK through the ACK frame 3130. When the ACK frame
3130 includes NACK information, the ACK frame 3130
may include even a reason for the NACK or information (for
example, the UL MU scheduling information, and the like)
for a subsequent procedure.

Alternatively, the PPDU transferring the ACK frame 3130
may be configured in a new structure without the L-part.

The ACK frame 3130 may include the STA ID or address
information, but when the order of the STAs indicated by the
UL MU trigger frame 3110 1s similarly applied, the STA 1D
or address information may be omitted.

Further, a frame for next UL MU scheduling or a control
frame 1ncluding correction information for the next UL MU
transmission, and the like may be included 1n the TXOP by
extending the TXOP (that 1s, the L-SIG protection duration)
of the ACK frame 3130.

Meanwhile, an adjustment process such as synchronmizing
the STAs, or the like may be added for the UL MU
transmission 1n the procedure according to FIG. 31 or
carlier.

FIG. 32 1s a view 1llustrating a resource allocation unit in
an OFDMA MU transmission scheme according to an
embodiment of the present invention.

When the DL/UL OFDMA transmission scheme 1s used,
a plurality of resource units (or subbands) may be defined 1n
units of n number of tones (or subcarriers) in a PPDU
bandwidth.

A resource unit (or subband) refers to an allocation unit of
frequency resource for DL/UL OFDMA transmission.

Diflerent resource units may be allocated to a plurality of
STAs by allocating one or more resource units as DL/UL
frequency resources to one STA.
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FIG. 32 illustrates a case in which a PPDU bandwidth 1s
20 MHz.

As 1llustrated 1n FIG. 32, various numbers of tones may
form resource units.

For example, according to the resource unit configuration
scheme as illustrated 1n FIG. 32(a), a single resource unit
may include 26 tones. Also, according to a resource umit
configuration scheme as 1illustrated 1n FIG. 32(b), one
resource unit may include 52 tones or 26 tones. Also,
according to a resource umt configuration scheme as 1llus-
trated 1n FI1G. 32(c¢), one resource unit may 1nclude 106 tones
or 26 tones. Also, according to a resource unit configuration
scheme as 1llustrated in FIG. 32(d), one resource unit may
include 242 tones.

When the resource unit 1s configured as illustrated i FIG.
32(a), up to 9 STAs may be supported for DL/UL OFDMA
transmission 1n a 20 MHz band. Also, when the resource unit
1s configured as illustrated 1n FIG. 32(b), up to 5 STAs may
be supported for DL/UL OFDMA transmission in the 20
MHz band. Also, when the resource unit 1s configured as
illustrated in FIG. 32(c), up to 3 STAs may be supported for
DL/UL OFDMA transmission in the 20 MHz band. Also,
when the resource unit 1s configured as illustrated i FIG.
32(d), the 20 MHz band may be allocated to a single STA.

Any one of the resource unit configuration schemes
illustrated in FIGS. 32(a) to 32(d) may be determined based
on the number of STAs participating 1n the DL/UL OFDMA
transmission and/or an amount of data transmitted or
received by a corresponding STA.

Among the entire resource units determined according to
the resource unit configuration schemes as illustrated in
FIGS. 32(a) to 32(c), only partial resource units may be used
for DL/UL OFDMA transmission. For example, when
resource units are configured as illustrated in FIG. 32(a)
within 20 MHz, one resource unit 1s allocated to each STA
less than nine STAs, and the other resource units may not be
allocated to any STA.

In the case of the DL OFDMA transmission, a data field
of the PPDU may be multiplexed and transmitted 1n a
frequency domain 1n units of resource units allocated to each

STA.

Meanwhile, in the case of the UL OFDMA transmission,
cach STA may construct a data field of a PPDU 1n units of
resource units allocated thereto and simultaneously transmit
the PPDU to an AP. Since each STA simultaneously transmit
ch PPDU, the AP, a receiver, may recognize that a data field
of the PPDU transmitted from each STA 1s multiplexed and
transmitted in the frequency domain.

Also, 1n a case 1n which both DL/UL OFDMA and DL/UL
MU-MIMO are supported, one resource unit may include a
plurality of streams in a spatial domain. Also, one or more
streams may be allocated as a DL/UL spatial resource to one
STA, so that different streams may be allocated to a plurality
of STAs. For example, a resource unit including 106 tones
as 1llustrated 1n FIG. 32(c) or a resource unit including 242
tones as 1llustrated 1n FIG. 32(d) may be configured as a
plurality of streams in the spatial domain to support both
DL/UL OFDMA and DL/UL MU-MIMO.

In a bandwidth of 40 MHz or higher, a resource unit
configuration scheme of the aforementioned 20 MHz band

may be applied 1n the same manner as a 20 MHz band unat.
Also, additionally, a smallest resource unit (1.e., a resource
unit including 26 tones) may be further set at the center of

the bandwidth.
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For uplink multi-user transmission in the WiF1 system, the
uplink multi-user transmission may be performed only when
the AP previously secures (alternatively, occupies) and noti-
fies the resource.

A signal (that 1s, frame) for the AP to previously secures
(alternatively, occupies) the resource and notily ‘informa-
tion for uplink multi-user transmission’ 1s a trigger frame.

The STA receives the trigger frame from the AP and
thereatfter, performs uplink transmission according to infor-
mation (alternatively, a command) for the uplink multi-user
transmission and the AP receives the uplink signal and
thereafter, transmits an ACK frame.

This 1s a general procedure of the uplink multi-user
transmission, but a trigger frame or UL MU frame configu-
ration, information for UL MU transmission, a UL MU
transmission procedure, and the like may slightly vary
depending on a type of a signal transmaitted by uplink.

The present mvention proposes a UL MU transmission
method according to each scheme.

Hereinatter, 1n describing the present invention, a ‘frame’
may mean a DL/UL MAC frame (that 1s, an MAC control
frame, a MAC management frame, or a data frame) itself
and further, mean a DL/UL (SU/MU) PPDU carrying the
DL/UL MAC frame.

Further, heremnafter, 1n describing the present invention,
an HE-SIG1 field may be referred to as an HE-SIG-A field
and further, an HE-SIG2 field may be referred to as an
HE-SIG-B field.

First, the type of the uplink signal (alternatively, frame)
performing the UL MU transmission by the trigger frame
may be described below.

1. UL MU Data Frame Transmission

The trigger frame depending on this type triggers the STA
to UL MU transmit UL data.

A structure of the trigger frame for supporting the UL MU
transmission of this type will be described with reference to
drawings given below.

The trigger frame may be configured 1n a structure of a
PHY PPDU and configured 1n a structure of an MAC frame.

When the trigger frame 1s configured 1n a structure of the
PHY PPDU, the trnigger frame may include the data field
including the MAC frame, the trigger frame 1s referred to as
a ‘null data packet (NDP) type trigger frame’.

When the trigger frame 1s configured in a structure of the
MAC {frame, the trigger frame i1s referred to as a ‘MAC
frame type trigger frame’.

First, the ‘NDP type trigger frame’ structure will be
described with reference to the drawings given below.

FIG. 33 1s a diagram 1illustrating a structure of a trigger
frame according to an embodiment of the present invention.

The trnigger frame carries information (that 1s, trigger
information) (for example, configuration information for UL
MU frames) for the UL MU transmission of each STA which
participates 1n the UL MU transmission.

In the case of the NDP type trigger frame, the information
for the UL MU transmission may be included in the SIG
field.

Referring to FIG. 33(a), L-LTF 3312 may follow L-STF
3311, L-SIG 3313 may follow the L-LTF 3312, HE-SIG1
3314 may follow the L-SIG 3313, and HE-SIG2 3315 may
tollow the HE-SIG1 3314.

The L-STF 3311, the L-LTF 3312, the L-SIG 3313, and
the HE-SIG1 3314 may be duplicated and transmitted by the
unit ol a 20 MHz channel over an entire PPDU bandwidth.

The HE-SIG2 3315 may be encoded by the unit of the 20
MHz channel within the entire PPDU bandwidth.
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The HE-SIG 3314 or the HE-SIG2 3315 includes the
information (that 1s, trigger information) for the UL MU
transmission. The information for the UL MU transmission
will be described below 1n detail.

Further, as illustrated i FIG. 33(b), the trigger frame
illustrated 1n the example of FIG. 33(a) may further include
HE-STF 3326 and HE-LTF 3327 for time, frequency, and/or
power adjustment.

Next, the ‘MAC type trigger frame’ will be described with
reference to the drawings given below.

FIG. 34 1s a diagram 1llustrating a structure of a trigger
frame according to an embodiment of the present invention.

Retferring to FIG. 34, L-L'1F 3402 may follow L-STF
3401, L-SIG 3403 may follow the L-LTF 3402, and a data
field (that 1s, payload) 3404 may follow the L-SIG 3403.

In this case, since the trigger frame 1s an SU frame format,
the trigger frame may be configured 1n the HT-format PPDU
illustrated in the example of FIG. 3. In this case, although
not illustrated i FIG. 34, the trigger frame may be config-
ured to further include HT-SIG, HT-STF, and/or HT-LTF.
Further, the trigger frame may be configured 1n the VHT-
tformat PPDU illustrated 1n the example of FIG. 4. In this
case, although not illustrated 1n FIG. 34, the trigger frame
may be configured to further include VHT-SIG-A, VHT-
SIG-B, VHI-STF, and/or VHT-LTF. Further, the trigger
frame may be configured in the HE-format PPDU 1illustrated
in the examples of FIGS. 25 to 30. In this case, although not
illustrated 1n FIG. 34, the trigger frame may be configured
to further include HE-SIG-A, HE-SIG-B, HE-STF, and/or
HE-LTF.

The L-STF 3401, the L-LTF 3402, and the L-SIG 3403
may be duplicated and transmitted by the unit of the 20 MHz
channel over the entire PPDU bandwidth.

The data field 3404 (that 1s, the MAC frame 1n the data
ficld 3404) includes the information (that 1s, trigger infor-
mation) for the UL MU transmission. The information for
the UL MU transmission will be described below 1n detail.

When the trigger frame 1s configured in the structure of
the MAC frame, the trigger frame may have the following
structure.

The trigger frame may be configured by one MPDU. In
this case, the trigger frame may correspond to a type of the
MAC control frame or MAC management frame and the
trigger frame type may be defined differently therefrom.

Alternatively, the trigger frame may be configured as a
frame (that 1s, HE-control wrapper frame) including an
HE-control field in an MAC header including the informa-
tion (that 1s, trigger information) for the UL MU transmis-
sion. That 1s, when the HE-control wrapper frame 1s indi-
cated as a sub type regardless of the type of the MAC frame,
the corresponding frame may include the trigger information
in the HE-control field of the MAC header. In this case, the
HE-control field may be included in the MAC header 1n a
scheme similar to the scheme in which the HT-control field
illustrated 1n FIG. 6 given above 1s included in the MAC
header.

a) The PPDU carrying the trigger frame may include only
the trigger frame 1n the data field.

As described above, when the trigger frame 1s configured
as one MPDU, the PPDU may include only the MPDU
corresponding to the trigger frame 1n the data field. In this
case, the information (that 1s, trigger information) for the UL
MU transmission may be included in the MAC header or a
MAC frame body in the corresponding MPDU.

Further, even when the trigger frame 1s configured as the
IE-control wrapper frame, the PPDU may include only the

H
HE-control wrapper frame corresponding to the trigger
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frame 1n the data field. In this case, the information (that 1s,
trigger information) for the UL MU transmission may be
included in the HE-control field of the MAC header of the
corresponding HE-control wrapper frame.

b) The PPDU carrying the trigger frame may further

include other MAC frame other than the trigger frame 1n the

data field.

1) When some of STAs receiving a DL MAC frame
performs the UL MU transmission (that 1s, when the UL MU
transmission STA 1s a subset of a DL MAC frame receiving,
STA)

In this case, a transmission resource of the data field of the
DL MU PPDU carrying the DL MAC frame may be mul-
tiplexed according to a DL OFDMA and/or DL MU-MIMO
scheme. As described above, since some of the STAs rece1v-
ing the DL MAC frame perform the UL MU transmission,
the data field of the PPDU for some STAs (that 1s, STAs
performing the UL MU transmission) may further include
other DL MAC frame other than the trigger frame.

For example, when some STAs are STA 1 to STA 4

receiving the DL MU frame and the UL MU frame trans-
mission of STA 1 to STA 3 1s triggered by the trigger frame,
the data fields for STA 1 to STA 3 include the trigger frame
together with the DL MAC data frame and the data field for
STA 4 includes only the DL MAC data frame.
In more detail, the data field for each STA may include the
A-MPDU like the example of FIG. 17. In this case, since the
A-MPDU includes a plurality of MPDUSs, the MAC frame
type may be determined for each MPDU.

When the trigger frame 1s configured as one MPDU, one
or more MPDU among the plurality of MPDUSs constituting
the A-MPDU 1s configured as the trigger frame and the
remaining MPDUs may be configured as the DL MAC
frame. In this case, the information (that 1s, trigger infor-
mation) for the UL MU transmission may be included 1n the
MAC header or the MAC frame body 1n the corresponding
MPDU.

Further, when the trigger frame 1s configured as the
HE-control wrapper frame, one or more MPDU (alterna-
tively, all MPDUs) among the plurality of MPDUSs consti-
tuting the A-MPDU may be configured as the HE-control
wrapper frame. In this case, the information (that 1s, trigger
information) for the UL MU transmission may be included
in the HE-control field of the MAC header of the corre-
sponding HE-control wrapper frame.

When only some MPDUs among the plurality of MPDU s
constituting the A-MPDU include the trigger information,
the position of the MPDU 1ncluding the trigger information
may be predesignated. For example, the AP may announce
the predesignated MPDU position to the STAs through a
beacon frame, and the like.

2) When an STA not recerving the DL MAC frame among,
the STAs performing the UL MU transmaission exists (that 1s,
when the UL MU transmission STA 1s not the subset of the
DL MAC frame receiving STA)

In this case, the trigger frame may be separately trans-
mitted to the STA not recerving the DL MU frame (for
example, after the SIFS of the DL MU 1frame). In this case,
the data field of the PPDU carrying the trigger frame may
include only the trigger frame (that 1s, the MAC frame
including the mformation for the UL MU transmission) for
the corresponding STA.

Alternatively, a specific data field among the data fields of
the DL MU PPDU carrying the DL MAC frame may include
the trigger frame. For example, a data field (for example, a
predetermined subband) in which a broadcast AID 1s set to
transier the trigger frame may include the trigger frame. In
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this case, the AID of the STA to which the UL MU
transmission 1s triggered may be included in the MAC

trigger frame. The transmission resource of the data field of

the DL MU PPDU carrying the DL MAC frame as described
above may be multiplexed according to the DL OFDMA
and/or DL MU-MIMO scheme and the trigger frame may be

carried by using a specific data field among multiplexed data
fields.

When the specific data field among the data fields of the
DL MU PPDU carrying the DL MAC frame includes the
trigger frame, the position (for example, the position of the
subband, a DL MU STA index, and the like) of the data field

including the trigger frame may be predesignated. For
example, the AP may announce the predesignated data field
position to the STAs through the beacon frame, and the like.

Herein, when the data field (for example, subband) for
transierring the trigger 1s predetermined, the corresponding,
data field may include only the trigger frame (that 1s, the
MAC frame including the information for the UL MU
transmission) for the corresponding STA.

As described above, when the trigger frame 1s configured
as one MPDU, the PPDU may include only the MPDU
corresponding to the trigger frame 1n the data field. In this
case, the information (that 1s, trigger information) for the UL
MU transmission may be mcluded in the MAC header or the
MAC frame body 1n the corresponding MPDU.

Further, even when the trigger frame 1s configured as the
HE-control wrapper frame, the PPDU may include only the
HE-control wrapper Iframe corresponding to the trigger
frame 1n the data field. In this case, the information (that is,
trigger information) for the UL MU transmission may be
included 1n the HE-control field of the MAC header of the
corresponding HE-control wrapper frame.

On the contrary, when the trigger frame 1s transierred 1n
the data field (for example, subband) in which the broadcast
AID 1s set, the corresponding data field may include the
A-MPDU like the example of FIG. 17. In this case, since the
A-MPDU includes a plurality of MPDUs, the MAC frame
type may be determined for each MPDU.

When the trigger frame 1s configured as one MPDU, one
or more MPDU among the plurality of MPDUSs constituting
the A-MPDU 1s configured as the trigger frame and the
remaining MPDUs may be configured as the DL MAC
frame. In this case, the information (that 1s, trigger infor-
mation) for the UL MU transmission may be included in the
MAC header or the MAC frame body 1n the corresponding
MPDU.

Further, when the trigger frame i1s configured as the
HE-control wrapper frame, one or more MPDU (alterna-
tively, all MPDUs) among the plurality of MPDUSs consti-
tuting the A-MPDU may be configured as the HE-control
wrapper frame. In this case, the information (that 1s, trigger
information) for the UL MU transmission may be included
in the HE-control field of the MAC header of the corre-
sponding HE-control wrapper frame.

When only some MPDUs among the plurality of MPDUSs
constituting the A-MPDU include the trigger information,
the position of the MPDU 1ncluding the trigger information
may be predesignated. For example, the AP may announce
the predesignated MPDU position to the STAs through the
beacon frame, and the like.

Further, when the trigger frame 1s configured as illustrated
in FIG. 33(c), the tnigger frame may further include the
HE-SIG1 and the HE-SIG2. In this case, the HE-SIG1 may
include information shown 1n Table 12 given above, and the

like.
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In addition, the HE-SIG2 may include configuration
information (for example, MCS, a resource unit (subband) to
which the data field 1s allocated, whether STBC 1s applied,
an FFC coding scheme, and the like) for the data field 3404.

Further, when the HE-SIG2 may include positional infor-
mation of the data field (for example, subband) including the
trigger frame or positional information of the trigger frame
when the data field 1s includes the A-MPDU.

2. DL Channel Status Transmission

The trigger frame according to the type triggers the STA
to transmit a DL channel status report (DCR) frame accord-
ing to a command by the AP.

The structure of the trigger frame for supporting the UL
MU transmission of the type will be described with refer-
ence to drawings given below.

FIG. 35 1s a diagram illustrating a structure of a trigger
frame according to an embodiment of the present invention.

Hereinafter, in describing the example of FIG. 35, the
same description as the FIGS. 33 and 34 will be omitted.

FI1G. 35(a) illustrates the structure of the NDP type trigger
frame.

The trigger frame for triggering the DCR frame may
turther include HE-STF and HE-LTF for downlink channel
measurement after HE-SIG 1n comparison with FIG. 33(a)
given above. That 1s, HE-STF 3516 may follow HE-SIG2
3515 and HE-LTF 3517 may follow the HE-STF 3516.

Herein, since the HE-LTF 3517 i1s the HE-LTF 3517 {for
channel measurement in the case of an 11ax frame structure,
the HE-LTF 3517 may be configured as the HE-LTF 3517
for multi-streams. The number of symbols of the HE-LTF
3517 may be determined according to the number of streams
which become a DL channel measurement object in the
STA.

FI1G. 35(b) 1llustrates the structure of the MAC frame type
trigger frame.

Herein, since the structure of the trigger frame may be
configured similarly to FIG. 34 given above, description of
the structure of the trigger frame will be hereinafter omaitted.

The null data packet (NDP) including the HE-STF and the
HE-LTF for downlink channel measurement may be trans-
mitted after the SIFS after the trigger frame apart from the
trigger frame.

Referring to the NDP, L-LTF 3532 may follow L-STF
3531, L-SIG 3533 may follow the L-LTF 33532, HE-STF
3534 may follow the L-SIG 3533, and HE-LTF 35335 may
follow the HE-STF 3534.

Herein, since the HE-LTF 3535 1s the HE-LTF 3535 for
channel measurement 1n the case of the 11ax frame structure,
the HE-LTF 3535 may be configured as the HE-LTF 3535
for the multi-streams. The number of symbols of the HE-
LTF 3535 may be determined according to the number of
streams which become the DL channel measurement target
in the STA.

Meanwhile, in FIG. 35, an example 1s 1llustrated, in which
the NDP 1s configured while omitting the HE-SIG1 and/or
the HE-SIG2, but the NDP may be configured while further
including the HE-SIG1 and/or the HE-SIG?2.

3. UL Probe Request Transmission/Random Access
Transmission

The trigger frame according the type triggers the STA to
transmit the probe request frame so that a user 1n which a
channel status 1s not good first performs an association.
Further, the trigger frame according to the type triggers the
STA to randomly access the AP in contention.

In the present specification, the random access as a
scheme that allows the STAs to transmit the UL MU frame
by randomly selecting the resource may be used by the STAs
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which will transmit the UL MU frame as necessary among
unspecific multiple STAs, such as transmission of the probe
request frame and/or transmission of the bufler status report
(BSR) frame.

Herein, when the AP intends to receive the BSR frame
from specific STAs, the AP transmits the trigger frame
including the AIDs of the corresponding STAs to receive the
BSR frame from the specific STAs. In this case, the trigger
frame that triggers the BSR frame transmission may be
distinguished as the trigger frame for a UL control frame to
be described below.

On the contrary, when the AP intends to receive the BSR
frame from unspecific multiple STAs, the AP transmits the
trigger frame (that 1s, including the broadcast AID) by a
predetermined access scheme to receive the BSR frame from
the unspecific STAs. In this case, the trigger frame for
random access may correspond to the trigger frame that
triggers the BSR frame transmission.

When the STAs receives this type of trigger frame, the
STAs transmit the probe request frame to the AP by the UL
MU transmission in contention and are allocated association
ID (AID) by recerving a probe response. Further, the STAs
may transmit the random access frame to the AP by the UL
MU transmission and receive a response (for example, the
trigger frame for UL data frame transmission, and the like)
to the random access from the AP.

Since the structure of this type of trigger frame for
supporting the UL MU transmission may be configured
similarly to the examples of FIGS. 33 and 34, description of
the structure will be hereinafter omitted.

However, when the UL probe request frame transmissions
or random access frame transmaission 1s triggered, since the
AP may not know which STA transmits the UL probe
request Irame or the random access frame, a broadcast STA
ID may be used without designating the receiving STA of the
trigger frame as the specific STA.

4. UL Control Frame Transmission

This type of trigger frame triggers control frame trans-
mission in order to receive a report regarding information on
the STA required by the AP. For example, this type of trigger
frame may trigger the STA to transmit a PS-poll frame or
clear-to-send (CTS) frame, a buller status request/report
frame, an ACK frame, and the like.

The STA 1n a power saving (PS) mode receives the beacon
frame (for example, a traflic information map (TIM) of the
beacon frame, and the like) to recognize that there 1s the DL
frame which the AP will transmit to the STA. In addition,
when the corresponding STA receives this type of trigger
frame, the corresponding STA may UL MU-transmit the
PS-poll frame to the AP.

As another example, 1 order to perform the DL MU
transmission to a plurality of STAs, the AP may transmuit the
request to send (RTS) frame to the corresponding STAs in
the trigger frame structure. When the STA receives this type
of trigger frame from the AP, the corresponding STA may
UL MU-transmit the CTS frame to the AP as a response
thereto.

In addition, when the STA 1n which UL data to be
transmitted exists receives this pattern of trigger frame, the
corresponding STA may UL MU-transmit the BSR frame to
the AP 1n contention.

The bufler status request/report frame 1s a frame for the
STA to announce to the AP the size (that 1s, the size of the
UL data buflered to a bufler of the STA) of data to be
transmitted by the UL, an access category (that 1s, informa-
tion used for contending a channel for transmitting the UL
data with a specific priority) of the UL data, and the like.
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Further, the AP may perform the DL MU transmission to
the plurality of STAs and each of the STAs receiving the DL
MU-transmitted data may UL MU -transmit the ACK frame
to the AP as the response thereto.

Since the structure of this type of trigger frame {for
supporting the UL MU transmission may be configured

similarly to the examples of FIGS. 33 and 34, description of
the structure will be hereinafter omaitted.

Meanwhile, the types of the trigger frame described above

are just one example and the present invention is not limited
thereto.

For example, the trigger frame that triggers the UL MU
transmission of the NDP to the plurality of STAs may also
be defined 1n order to measure the UL channel status in the
AP. As another example, the type of the trigger frame may
be separately defined for each type (for example, the PS-poll
frame, the CTS frame, the BSR frame, and the like) of the
alforementioned control frame. Further, one or more types
among the aforementioned trigger frame types may be
combined and defined. For example, the type of the trigger
frame for triggering both the UL MU data frame and the
control frame may be de defined.

As described above, since information which needs to be
announced in each trigger frame may vary depending on the
type of the trigger frame, an indication for the type of each
trigger frame needs to be transferred.

The MAC frame type trigger frame may indicate the type
in the frame type and/or in a subtype field 1n the frame
control field of the MAC header.

As one example, the header of the MAC frame 1ncluding
the information for the UL MU transmission may include the
frame control field like the example of FIG. 6 and the frame
control field may be configured to include a Type subfield
and a Subtype subfield like the example of FIG. 7 given
above.

Table 13 shows a method that indicates the pattern of the
trigger frame 1n the Type subfield and the Subtype subfield
when the trigger frame 1s configured as the MAC frame type.

TABLE 13
Type value Type Subtype value
b3 b2 description B7 b6 b5 b4 Subtype description
11 Trigger 0000 Trigger frame for UL
frame MU data transmission
11 Trigger 0001 Trigger frame for UL
frame channel status
transmission
11 Trigger 0010 Trigger frame for UL
frame probe request/
random access
11 Trigger 0011 Trigger frame for UL
frame control
frame

(This pattern may be
more specifically
divided according
to the control frame

type.)

Referring to Table 13, the Type subfield may indicate
whether the frame 1s the trigger frame. For example, like the
description depending on the example of FIG. 7 given
above, the existing Type subfield values of ‘00°, ‘01°, and
‘10° may indicate the management frame, the control frame,
and the data frame, respectively and a type value of °11° may
indicate the trigger frame.

In addition, the Subtype subfield indicates which type of
trigger frame the frame 1s. For example, when the Subtype
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subfield value 1s “0000°, ‘0000 may indicate the trigger
frame for UL data transmission, when the Subtype subfield
value 1s ‘0001°, ‘0001° may indicate the trigger frame for UL
channel status transmission, when the Subtype subfield
value 1s ‘00107, “0010” may indicate the trigger {frame for the
UL probe request/random access, and when the Subtype

subfield value 1s ‘0011°, ‘0011° may indicate the trigger
frame for the UL control frame.

The types of the trigger frame shown 1n Table 13 are just
one example and the present invention 1s not limited thereto.

As an example, the pattern of the trigger frame may be
turther subdivided for each type (for example, the PS-poll
frame, the CTS frame, the BSR frame, and the like) of the
alforementioned control frame and the Type subfield and/or
the Subtype subfield may indicate the types of the respective
trigger frames.

Further, one or more trigger frame patterns among the
alorementioned trigger frame patterns may be combined and
defined. For example, the types of the trigger frames for the
trigger frames for UL data transmission and UL channel
status transmission, the trigger frames for UL data transmis-
sion and UL control frame transmission, and the like, and the
like may be defined and the Type subfield and/or the Subtype
subfield may indicate the types of the respective trigger
frames. As such, the Type subfield and/or the Subtype
subfield may be configured in a bitmap form in order to
indicate the types of the combined multiple trigger frames.

Further, as described above, when the trigger frame 1s
configured as the HE-control wrapper {frame, the Subtype
subfield may indicate the type of the trigger frame of the
control wrapper frame type.

Alternatively, 1n the case of the NDP type trigger frame,
the HE-SIG needs to include an indication for the trigger
frame type.

Table 14 shows a method that indicates the type of the
trigger frame 1n the HE-SIG1 or HE-SIG2 when the trigger
frame 1s configured as the NDP type.

TABL

L1

14

Field Contents

NDP indication 0bO: this frame 1s no NDP type

Obl: this frame 1s NDP type

If NDP indication = “0bl°’,

0b00: indicates the trigger frame for UL MU data
transmission

0bO1: indicates the trigger frame for UL channel
status transmission

0b10: indicates the trigger frame for UL probe
request/random access

Obl1: indicates the trigger frame for UL control

frame If not, reserved

Trigger frame type
indication

Referring to Table 14, the NDP indication field may
indicate whether the frame 1s the trigger frame. For example,
when the NDP indication field value 1s ‘0b0’, ‘Ob0’ may
indicate that the frame 1s not the NDP type and 1f the NDP
indication field value 1s “Obl’, ‘Obl” may indicate that the
frame 1s the NDP type.

In addition, when the frame 1s the NDP type, the trigger
frame type indication field indicates which type of trigger
frame the frame 1s. For example, when the trigger frame type
indication field value 1s ‘0b00’, ‘Ob00” may indicate the
trigger frame for UL data transmission, when the trigger
frame type indication field value 1s ‘0b01°, ‘Ob01° may
indicate the trigger frame for UL channel status transmis-
sion, when the trigger frame type indication field value 1s
‘Ob10°, ‘Ob10” may indicate the trigger frame for the UL
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probe request/random access, and when the trigger frame
type 1indication field value 1s ‘Ob11°, ‘Ob11” may indicate the

trigger frame for the UL control frame.

As described above, the types of the trigger frame shown
in Table 14 are just one example and the present invention
1s not limited thereto.

Information (that 1s, trigger mformation) for UL MU
transmission, which 1s included 1n the trigger frame accord-
ing to each type may be described below.

5

10

06

control filed) or payload (MAC frame body) and in the case
of the NDP type trigger frame, the trigger information may
be mcluded 1in the HE-SIG.

Heremnaftter, for easy description, description of informa-
tion which needs to be included 1n the configuration of each
frame except for the imnformation for UL MU transmission
will be omitted.

For example, in the case of the MAC frame type trigger

frame, the data field may include the service field, tail bits,
the MAC header, a frame check sequence (FCS), and the like

The trigger information (that is, the information for UL
MU transmission) transierred in the trigger frame may be
diversified according which UL MU frame type 1s triggered
by the trigger frame.

Herein, the trigged UL MU frame type includes the
general UL MU data frame, probe request/random access/
buifler status report (BSR) frame, DL channel status report

15

Trigger frame type

Trigger frame for
UL MU data
transmission

Trigger frame for
DI. channel status
transmission

Trigger frame for
UL probe
request/random
access

Trigger frame for
UL control frame

in addition to a PH

Y preamble of the PPDU.

Further, even in the case of the NDP type trigger frame,
the HE-SIG may include a CRC or tail bits for a convolu-
tional code, and the like 1 addition to the physical preamble.

Table 15 shows information for UL, MU transmission
included for each trigger frame type.

TABLE 15

Contents (that is,
information for UL
MU transmuission, for
example, a UL MU
frame configuration

scheme, and the like)

n x AID, (n x MCS,

n x STBC), n x N_sts,
n x N_subband,

UL MU frame Length

n x AID, (n x MCS,

n x STBC), n x N_sts,
n x N_subband, (UL
frame Length)
[Information of
measured channel:
N_sts, N_subband,
etc.,

Reporting scheme of
the measured channel:
at how many
subcarriers reporting 1s
performed, and the
like]

(AID), (MCS, STBC,
N_subband)

n x AID, (n x MCS,
n x STBC,) n x N_sts,

n x N_subband, (control

type and the resulting
required contents)

Remarks

Information on the length of a UL

data frame 1s required. The STA
configures and transmits data according
to the value, (padding when data 1s
insuflicient)

Positional information (may include
contents regarding which frequency
domain of some streams will be
measured and transmitted in the HE-
LTF) of a channel to be measured and a
reporting method 1 addition to the
configuration imformation of the UL
frame

When the MCS, the measured

channel, the reporting method, and the
like are determined, the length of the
UL frame may be estimated, and as a
result, the length of the UL frame may
be omitted.

The AID may be determined as the
broadcast type (that is, broadcast ID) or
omitted and the MCS, STBC,
N_subband, and the like may be
omitted. The MCS and the STBC

may be fixed to MCS0, STBC on, and
the like.

When the type of the trigger frame 1s
included in the HE-SIG1, the HE-SIG?2
may be omitted.

This type of trigger frame may be
transmitted by broadcast, multicast, or
unicast.

When the subtype of the trigger frame
is not distinguished for each UL control
frame, the control type may be included
in the contents field for distinguishing
the UL control frame.

For example, when the control type is
‘BSR’, the STA may transmit the UL
frame performing the bufler status
report 1n a determined area.

( ). A part expressed by parentheses may be determined by the AP and transmatted in the trigger frame and
the STA may determine the part and the UL frame may transmat the part.

frame, UL NDP frame, MU PS poll frame, and the like as

described above.

As described above, 1n the case of the MAC frame type 65
trigger frame, the trigger information may be included in the

MAC header (for example, the MAC control field or H.

(L.

In Table 15, n represents the number of multi-users which

will transmit the UL frame.

When the AID indicates one example of STA 1D, Group
- ID (GID), Partial AID (PAID), and the like may also be used.
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The MCS represents an MCS level index and the STBC
indicates whether the UL frame 1s transmitted to the STBC
(that 1s, indicates whether the STBC 1s applied).

IN_sts means spatial resource allocation (indication) infor-
mation for UL MU transmission. That 1s, N_sts represents
information on the positions and the number of streams to be
used at the time of UL MU-MIMO transmission.

Herein, N_sts may sequentially indicate the streams allo-
cated for each STA with bit value(s) indicating one stream
index. For example, when the order of the STA 1, the STA
2, and the STA 3 1s designated, the number of streams of the
STA 1 1s indicated as 2, the number of streams of the STA
2 1s 1indicated as 4, the number of streams of the STA 3 1s
indicated as 2, and the stream indexes are sequentially
indicated like ‘000°, ‘001°, 010°, “011°, *100°, <101°, *110°,
and ‘111°, stream indexes O and 1 (that 1s, ‘000" and ‘001”)
are allocated to the STA 1, stream indexes 2 to 5 (that 1s,
‘0107, 0117, *100°, and °101”) are allocated to the STA 2,
and stream indexes 6 and 7 (that 1s, ‘110" and °111°) are
allocated to the STA 3.

Further, N_sts may divide the streams by the unit of bits
(that 1s, unit 1n which °1” or ‘0 1s consecutive) sequentially
consecutive from the most significant bit in the bit string and
indicate the streams for each STA according to the position
of the unit of the consecutive bits. For example, when the
order of the STA 1 the STA 2, and the STA 3 1s designated
and ‘11000011° 1s 1indicated, stream indexes O and 1 (posi-
tions of bits having a value of ‘1’ consecutive from the most
significant bit in ‘110000117) are allocated to the STA 1,
stream 1ndexes 2 to 5 (positions of bits having a value of ‘1’
consecutive after the consecutive ‘1° value) are allocated to
the STA 2, and stream indexes 6 and 7 (positions of bits
having the value of ‘1’ consecutive after the consecutive ‘0’
values) are allocated to the STA 3.

Further, N_sts may sequentially indicate the streams
allocated for each STA by the bitmap. For example, when
the order of the STA 1 the STA 2, and the STA 3 1s
designated and ‘11000000°, ‘00111100°, and ‘00000011 are
indicated, stream indexes 0 and 1 (that 1s, ‘11000000”) are
allocated to the STA 1, stream indexes 2 to 5 (that 1s,
‘001111007) are allocated to the STA 2, and stream indexes
6 and 7 (that 1s, ‘00000011) are allocated to the STA 3.

N_subband means frequency resource allocation (indica-
tion) information for UL MU transmission. That 1s, N_sub-
band represents position and area information of a frequency
resource (that 1s, subband (alternatively, resource unit)) to be
used for UL OFDMA transmission.

Herein, N_subband may indicate an index granted for
cach resource unit (alternatively, subband). For example,
referring back to FIG. 32 given above, unique indexes are
sequentially allocated for each resource unit from a 26-tone
resource unit of FIG. 32(a) up to a 242-tone resource unit of
FIG. 32(d) and N_subband may indicate the frequency
resource allocated to the STA by indicating the index of the
resource unit.

Further, N-subband may indicate a start index and the
number of resource units as a minimum resource unit. For
example, referring back to FIG. 32 given above, the unique
indexes may be sequentially allocated for each 26-tone
resource unit of FIG. 32(a), which 1s the minimum resource
unit. That 1s, indexes 1 to 9 may be allocated to the resource
units of FIG. 32(a) from the left side. In addition, N-subband
may indicate the frequency resource by methods including,
(start index: 1 and the number of resource units: 1) as one
example 1n the case of the 26-tone resource unit, (start index:
1 and the number of resource units: 2) as one example 1n the
case of the 52-tone resource unit, (start index: 1 and the
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number of resource units: 4) as one example 1n the case of
a 106-tone resource unit, (start index: 1 and the number of
resource units: 9) as one example in the case of a 242-tone
resource unit, and the like.

1) The trigger frame for transmitting the UL MU data

frame may 1nclude the AID and information on tﬁie MCS, the
STBC, the N_sts, the N_subband, and the UL MU {frame

length (for example, a UL MU PPDU length or a MAC data
frame length) for the UL MU frame for each STA which will
perform the UL MU transmission.

Herein, the UL MU iframe length 1s determined as a
maximum UL MU frame length with respect to all STAs
which participate in the UL MU transmission. As a result,
cach STA configures and transmits data according to the UL
MU frame length value. When the entire UL MU frame
length may not be filled with the data, the padding (for
example, PHY padding or MAC padding) may be per-
formed.

Further, the trigger frame for UL MU data transmission
may not include the MCS and the STBC for the UL MU
frame among the information. For example, each STA may
determine an MCS level based on the received UL MU
frame length and the amount of UL data transmitted thereby.
Each STA may transmit the determined MCS and STBC to
the AP 1n the HE-SIG of the UL MU data frame.

2) The trigger frame for transmitting the DL channel
status (that 1s, transmitting the DL channel status report
frame) may include the AID and information on the MCS,
the STBC, the N_sts, the N_subband, and the UL MU {rame
length (for example, a UL MU PPDU length or a MAC data
frame length) for the UL MU frame for each STA which will
transmit the DL channel status.

Further, the trigger frame for transmitting the DL channel
status may further include information for measuring a DL
channel. The information for the channel measurement may
correspond to positional information of a channel to be
measured, information on a channel measurement reporting
method, and the like.

Herein, the positional information of the channel to be
measured 1ndicates a spatial stream and/or frequency region
which become the channel measurement objects for each
STA. That 1s, the positional information of the channel to be
measured may 1indicate how many streams need to be
measured 1n the HE-LTF of the trigger frame or of the NDP
alter the trigger frame for each STA (N_sts for the channel
measurement) and which frequency domain (N_subband for
the channel measurement (for example, a specific subband
(alternatively, resource unit)) needs to be measured 1n the
corresponding stream.

The channel measurement reporting method indicates the
umt of the frequency domain for reporting a result of
measuring the channel. That 1s, as one example of the
reporting method of the measured channel, 1t may be 1ndi-
cated the unit of the subcarriers to report the channel status.
For example, when the channel status i1s reported for each
26-tone unit subband (alternatively, resource unit), the STA
may measure the channel status in each of 26 tones, average
the measured channel status by the unit of 26 tones or report
a specific channel measurement value (for example, a worst
channel measurement value).

The trigger frame for transmitting the DL channel status
may not include the MCS and the STBC for the UL MU
frame. For example, each STA may determine an MCS level
based on the recerved UL MU frame length and the amount

of UL data transmitted thereby. Each STA may transmit the
determined MCS and STBC to the AP 1n the HE-SIG of the

UL MU data frame.
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Further, the trigger frame for transmitting the DL channel
status may not include may not include the UL MU frame
length (for example, the PPDU length or MAC data frame
length). When the MCS, the position of the channel to be
measured, the reporting method of the channel, and the like
are determined, the length of UL frame may be estimated,
and as a result, the UL MU frame length may be omuitted.

Meanwhile, the trigger frame for transmitting the DL
channel status may additionally further include information
(for example, sounding sequence nformation, Nc index
information, and the like) included 1n a VHT NDPA frame
(see FIG. 12).

3) The trigger frame for triggering random access frame/
UL probe request frame transmission may include the AID
and the MCS, the STBC, and the N_subband for the UL MU
frame for each STA which will transmit the UL probe
request or the random access.

Further, the trigger frame for the UL probe request/
random access may determine the AID as the broadcast type
(that 1s, the broadcast ID) or omit the AID (for example, the
broadcast ID or the broadcast address). That 1s, when the
trigger frame 1s used for the UL probe request, the UL probe
request 1s triggered with respect to STAs which may not be
allocated with the AID because the association procedure
has not already been completed. Further, when the trigger
frame 1s used for the random access, the random access 1s
triggered with respect to STAs which do not know which
STA will perform the random access.

Herein, when the STA ID 1s set as the broadcast 1D, the
STA that receives the STA may 1dentify that the correspond-
ing trigger frame 1s the trigger frame that triggers the random
access transmission or triggers the UL probe request frame
transmission.

The trigger frame for the UL probe request/random access
may include transmission unit mformation (for example, a
frequency/space resource unit) of the UL probe request
frame/random access frame. For example, the transmission
unit of the UL probe request frame/random access frame
may be mdicated as the 26-tone unit. Further, the frequency
unit information may be previously fixed or transfer the
beacon frame, and the like to the STA 1n advance.

Further, N_subband may indicate and announce a specific
frequency resource (that 1s, specific subband) which may
transmit the UL probe request frame/random access frame.
For example, when 1t 1s assumed that the subband 1s con-
figured 1n the unit of 26 tones in the 20 MHz band,
N_subband may indicate subband indexes 1 to 9 or subband
indexes 1 to 5 (that 1s, a partial frequency domain). In this
case, the respective STAs may transmit the UL probe request
frame/random access frame only in the frequency domain
indicated by the trigger frame 1n contention.

Further, the trigger frame for the UL probe request/
random access may further include the UL MU frame length
(for example, the PPDU length or MAC data frame length)
because each STA may transmit the BSR, and the like during,
the random access.

Further, the MCS, the STBC, the N_subband, and the like
may be omitted in the trigger frame for the UL probe
request/random access. For example, the MCS level of the
UL probe request frame and/or random access frame may be
previously determined as MCS 0, the STBC may be previ-
ously determined as “ON’ (that 1s, the STBC 1s applied), the
N_subband may be previously determined as the 26-tone
subband (alternatively, resource unit) or may be set 1n the
terminal through the beacon frame, and the like.

Meanwhile, when the STA transmits the BSR frame to the
AP during the random access as described above, the trigger
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frame that triggers the BSR frame transmission may also
include the same information as above.

4) The trigger frame for the UL control frame may include
the AID and the MCS, STBC, the N_sts, and the N_subband
for the UL MU frame for each STA that will transmait the UL
control frame.

Further, the trigger frame for the UL control frame may
turther include the control type and the resulting required
contents.

That 1s, when the subtype of the trigger frame is not
distinguished for each UL control frame, the trigger frame
for the UL control frame may include the control type
information. In this case, the content field may include the
control type information.

For example, when the control type 1s ‘BSR’, the STA
may transmit the UL frame for the bufler status report 1n a
determined area (that 1s, a determined stream and a deter-
mined subband).

Meanwhile, 1n addition to the example of Table 15 given
above, a BSSID or a partial BSSID (PBSSID) for the STA
to distinguish whether the corresponding trigger frame 1s the
trigger Irame transmitted from the BSS which belongs
thereto or not may be further included 1n the trigger infor-
mation. Herein, when a color bit which 1s used for distin-
guishing the BSS, but 1s configured with a shorter length
than the BSSID 1s included 1n the HE-SIG-A field, the BSS
may be sufliciently distinguished only by the PBSSID.

Hereinafter, the UL MU transmission method for each UL
MU transmission type (that 1s, each trigger type) will be
described.

In particular, a DL response frame (that 1s, DL MU
Ack/BA frame) to the UL MUL transmission triggered by
the trigger frame within the UL MU transmission procedure
may also vary depending on the UL MU frame type.

For example, the DL MU Ack/BA frame may be subse-
quent to the UL MU data frame. Another trigger frame may
be followed 1n order to trigger another BSR frame or UL
data frame after the BSR frame.

Accordingly, the UL MU procedure needs to be defined
for each trigger type.

In FIGS. 36 to 40, it 1s described that the trigger frame 1s
the NDP type trigger frame according to the example of FIG.
33 given above, but the MAC frame type trigger frame
according to the example of FIG. 34 given above may be
used, of course.

Further, in FIGS. 36 to 40, 1t 1s assumed that the HE-
SIG-B 1s not transmitted to the UL MU {rame, but the
HE-SIG-B may be included and transmitted 1in the UL MU
frame, of course.

Further, in FIGS. 36 to 40, an interval between the
respective frames 1s exemplified as the SIFS, but 1s not
limited thereto and the interval may correspond to other
fixed specific time other than the SIFS.

In addition, heremaftter, detailed description of the struc-
ture of each frame will be omitted.

First, the AP may trigger the UL MU data frame trans-
mission. This will be described with reference to the fol-
lowing drawings.

FIG. 36 1s a diagram 1llustrating a UL MU transmission
method according to an embodiment of the present inven-
tion.

Referring to FIG. 36, the AP transmits a trigger frame
(that 1s, a UL data trigger frame) 3601 for triggering trans-
mission of the UL data frame.

Each of STAs designated by the UL data trigger frame
3601 transmit a UL data frame 3602 to the AP by a UL
OFDMA or UL MU-MIMO scheme after the SIFS.
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The UL data frame 3602 may be comprised of the legacy
preamble (L-preamble), the HE-SIG-A, the HE-STF/LTFE,
and the data field including the MAC data frame (constituted
by the MPDU or AMPDU).

The AP transmits a MU BA/Ack frame 3603 to the STAs
transmitting the UL data frame 3602 as a response to the UL
data frame 3602 after the SIFS.

Further, the AP may trigger the BSR or random access
(RA) frame transmission. This will be described with ret-
erence to the following drawings.

FIG. 37 1s a diagram 1illustrating a UL MU transmission
method according to an embodiment of the present inven-
tion.

Referring to FIG. 37, the AP transmits a trigger frame
(that 1s, a RA/BSR trigger frame) 3701 for triggering trans-
mission of the RA frame/BSR frame.

The RA/BSR trigger frame 3701 may include a broadcast
STA ID. Herein, the broadcast STA ID may be defined as
forms including the AID, the GID, the PAID, and the like.

STAs which want to randomly access the AP or want to
transmit the BSR among STAs that receive the RA/BSR
trigger frame 3701 transmit the RA/BSR frame 3702 to the
AP by the UL OFDMA or UL MU-MIMO scheme after the
SIFS. That 1s, the STA transmits the RA/BSR frame to the
AP 1n a random frequency and/or space resource selected
thereby.

The RA/BSR frame 3702 may be comprised of the legacy
preamble (L-preamble), the HE-SIG-A, the HE-STF/LTFE,
and the data field including the MAC data frame (constituted
by the MPDU or AMPDU).

In this case, since each STA transmits the RA/BSR {frame
3702 1in the random {requency and/or space resource
selected thereby, each STA may collide with other STAs. In
this case, the AP may not transmit responses to all of the
STAs that transmit the RA/BSR frame 3702 1n the collided
resource, but when a signal strength for any one STA among,
the STAs 1s large, and as a result, a specific RA/BSR frame
3702 1s successtully decoded, the response signal may be
transmitted to the corresponding STA. Accordingly, the
respective STAs transmits the RA/BSR frame 3702 by
selecting a random resource and when the respective STAs
may not receive the response signal from the AP after the
SIFS, the respective STAs may recognize that the STA
collide with each other and retransmit the RA/BSR frame
3702.

The AP may transmit the UL data trigger frame 3703 in
order to trigger the UL data frame transmission to the STAs
that transmit the RA/BSR frame 3702 which 1s successtully
received thereby after the SIFS. In this case, the procedure
of FIG. 36 given above may be similarly performed.

Further, the AP may transmit the RA/BSR trigger frame
3703 1n order to trigger the RA/BSR frame transmission of
other STAs after the SIFS. In this case, the procedure of FIG.
37 may be similarly performed.

In addition, the AP may transmit the MU BA/Ack frame
3703 to the STAs that transmit the RA/BSR frame 3702
which 1s successtully received thereby as the response to the
RA/BSR frame 3702 after the SIFS. In this case, the AP may
transmit the MU BA/Ack frame 3703 and transmit the UL
data trigger frame 3703 or the RA/BSR trigger frame 3703
alter a predetermined time (for example, SIFS).

Further, the AP may trigger the DL channel status report
frame transmaission. This will be described with reference to
the following drawings.

FIG. 38 i1s a diagram illustrating a UL MU transmission
method according to an embodiment of the present inven-
tion.
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Retferring to FIG. 38, the AP transmits a trigger frame
(that 1s, a DL channel status report (DCR)) 3801 for trig-
gering transmission of the DL channel status report frame.

Herein, since the NDP type trigger frame structure
according to the example of FIG. 33 given above 1s assumed
with respect to the DCR trigger frame 3801, the DCR trigger
frame 3801 may include the HE-STF and the HE-LTF {for
estimating the DL channel status in the STA.

On the contrary, when the DCR trigger frame 3801 1s
configured as the MAC frame type trigger frame according
to the example of FIG. 34 given above, a DL NDP frame
including the HE-STF and the HE-LTF for estimating the
DL channel status 1in the STA may be transmitted after the
SIFS after the DCR trigger frame.

Respective STAs designated by the DCR trigger frame
3801 transmit a DCR frame 3802 to the AP by the UL
OFDMA or UL MU-MIMO scheme after the SIFS.

The DCR frame 3802 may be comprised of the legacy
preamble (L-preamble), the HE-SIG-A, the HE-STF/LTFE,
and the data field including the MAC data frame (constituted
by the MPDU or AMPDU) or the MAC control frame.

The AP may transmit a UL data trigger frame 3803 1n
order to trigger the UL data frame transmission to the STAs
that transmit the DCR frame 3802 after the SIFS. In this
case, the procedure of FI1G. 36 given above may be similarly
performed.

Further, the AP may transmit the DCR trigger frame 3803
in order to trigger the DCR frame transmission of other
STAs after the SIFS. In this case, the procedure of FIG. 38
may be similarly performed.

Further, the AP transmits a MU BA/Ack frame 3803 to the
STAs transmitting the DCR frame 3802 as the response to
the DCR frame 3803 after the SIFS. In this case, the AP may
transmit the MU BA/Ack frame 3803 and transmit the UL
data trigger frame 3803 or the DCR trigger frame 3803 after
a predetermined time (for example, SIFS).

Further, the AP may allow the STA to trigger transmission
of the UL NDP 1n order to measure the UL channel status.
This will be described with reference to the following
drawings.

FIG. 39 1s a diagram illustrating a UL MU transmission
method according to an embodiment of the present mven-
tion.

Retferring to FIG. 39, the AP transmits a trigger frame
(that 1s, an NDP trigger frame) 3901 for triggering trans-
mission of the UL NDP.

Respective STAs designated by the NDP trigger frame
3901 transmit a UL NDP frame 3902 to the AP by the UL
OFDMA or UL MU-MIMO scheme after the SIFS.

The UL NDP frame 3902 may be comprised of the legacy
preamble (L-preamble), the HE-SIG-A, and the HE-STF/
LTF. Herein, the HE-LTF may be configured in an HE-LTF
structure for multi-streams 1n order to estimate a UL channel
status 1n the AP.

The AP may transmit a UL data trigger frame 3903 1n
order to trigger the UL data frame transmission to the STAs
that transmait the UL NDP frame 3902 after the SIFS. In this
case, the procedure of FIG. 36 given above may be similarly
performed.

Further, the AP may transmit the NDP trigger frame 3903
in order to trigger the UL NDP trigger {frame transmission of
other STAs after the SIFS. In this case, the procedure of FIG.
38 may be similarly performed.

Further, the AP may transmit a MU BA/Ack frame 3903
to the STAs transmitting the UL NDP frame 3902 as the
response to the UL NDP frame 3902. In this case, the AP
may transmit the MU BA/Ack frame 3903 and transmit the
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UL data trigger frame 3903 or the NDP trigger frame 3903
after a predetermined time (for example, SIFS).

That 1s, the AP may transmit the trigger frame that allows
the STA to transmit the NDP frame 1n order to know an
uplink channel status in addition to the trigger frame for
reporting the downlink channel status (see FIG. 38 given
above). In this case, the trigger frame may announce con-
figuration information (an HE-LTF type, the number of
streams, and the like) of the HE-LTF to be transmitted 1n
addition to the AID, the frequency domain information
(herein, the frequency domain mformation 1s not a value for

a data area but transmission frequency domain imnformation

of the HE-STF/LTF because the UL NDP frame does not
include the data field) to transmit the UL NDP frame, and the

like. The STAs transmit the UL NDP frame according to a

command given by the trigger frame.

Further, the AP may trigger UL MU PS-poll frame trans-
mission. This will be described with reference to the fol-
lowing drawings.

FIG. 40 1s a diagram 1llustrating a UL MU transmission
method according to an embodiment of the present inven-
tion.

Referring to FIG. 40, the AP transmits a trigger frame
(that 15, a MU PS-poll (MPS) trigger frame) 4001 for
triggering the UL MU PS-poll frame transmission.

Respective STAs designated by the MPS trigger frame
4001 transmit a UL MU PS-poll frame 4002 to the AP by the

UL OFDMA or UL MU-MIMO scheme after the SIFS.

The UL MU PS-poll frame 4002 may be comprised of the
legacy preamble (L-preamble), the HE-SIG-A, the HE-STF/
LTF, and data field including the MAC data frame (consti-
tuted by the MPDU or AMPDU).

The AP may transmit a DL MU data frame 4003 to the
STAs transmitting the UL MU PS-poll frame 4002 after the
SIES.

Further, the AP may transmit a MU BA/Ack frame 4003
to the STAs transmitting the UL MU PS-poll frame 4002 as
the response to the UL MU PS-poll frame 4002 after the
SIFS. In this case, the AP may transmit the MU BA/Ack
frame 4003 and transmit the DL MU data frame 4003 after
a predetermined time (for example, SIFS).

Hereinafter, the method for triggering the UL probe
request frame which 1s a kind of the random access will be
described 1n more detail.

In the case of IEEE 802.11ax which 1s being developed at
present, OFDMA technology 1s under active discussion.

When multi-user OFDMA (MU OFDMA) technology 1s
applied 1n the uplink, the STA may transmit a signal 1n a
bandwidth smaller than 20 MHz which 1s the existing
minimum transmission bandwidth. In this case, since trans-
mission power of the STA 1s not changed, the power of the
STA concentrates on the smaller bandwidth, and as a result,
a transmission distance of the signal increases.

However, 1f the minimum transmission bandwidth 1s
limited to 20 MHz like the related art when the STA

transmits the signal by single-user OFDM (SU-OFDM) 1n
the uplink, the transmission distance becomes shorter than
the case where the STA transmits the signal by the MU
OFDM.

According to a present 802.11 structure, an association
process 1s available only by SU transmission. Therefore, i
there 1s no mobility of the STA, the UL MU-OFDMA 1s
available only after the association process at the short
distance by the SU transmission, and as a result, a trans-
mission distance increase eflect by the UL MU-OFDMA

technology may not be substantially achieved.
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The present mnvention proposes a method for enabling the
STA to perform scanming and association even at a distance
longer than the transmittable distance in the present SU-
OFDM 20 MHz bandwidth 1n the IEEE 802.11ax.

FIG. 41 illustrates an 802.11 network environment to
which the present invention can be applied.

Referring to FIG. 41, since the transmission power of the
AP 1s larger than the transmission power of the STA, even
though the AP transmits the signal in a wideband, the
wideband transmission distance by the AP 1s longer than the
transmission distance in the 20 MHz bandwidth by the STA.

However, when the bandwidth 1n which the STA transmits
the signal by using the OFDMA technology 1s smaller than
20 MHz, the transmission distance increases to secure the
same transmission distance as the AP. In FIG. 41, the STA
1 may receive the signal from the 802.11ax AP, but 1s
positioned at a distance where the STA 1 may not transmit
the signal 1n the 20 MHz bandwidth. That 1s, the STA 1 may
perform passive scanning, but may not find the 802.11ax AP
through active scanning. The reason 1s that in the present
active scanning, the signal needs to be transmitted only 1n
the 20 MHz bandwidth.

However, when the STA 1 transmits the signal in the
bandwidth smaller than the 20 MHz bandwidth, the STA 1
may transmit the signal to the AP. In FIG. 41, 5 MHz 1s
arbitrarily 1illustrated, but all bandwidths (for example,
26-tone unit subband (alternatively, resource unit)) smaller
than 20 MHz may be adopted.

Hereinatter, the active scanning process 1s described
based on the 5 MHz band for easy description, but other
bandwidths may be similarly adopted.

First, a method 1 which an 1lax STA may perform
scanning at a longer transmission distance 1s proposed. That
1s, 1n FIG. 42, a method 1n which the STA 1 performs the
active scanning in the 5 MHz bandwidth with the AP 1is
illustrated.

FIG. 42 1s a diagram 1illustrating an active scanning
process according to an embodiment of the present inven-
tion.

Reterring to FIG. 42, first, the AP periodically transmits
a trigger frame 4211 to designate a probing duration for
active scanning.

The probing duration 1s available up to a time indicated by
the trigger frame from a time immediately after the AP
transmits the trigger frame.

An STA which intends to receive network imformation of
a corresponding AP or an STA which wants to establish
association among STAs that recerve the trigger frame 4211
and has not yet been associated with the AP transmits probe
request frames 4221 and 4231 in contention.

The AP that successiully receives the probe request
frames 4221 and 4231 transmits ACK frames 4212 and 4213
to the STA that transmits the corresponding probe request
frames 4212 and 4213 as the response.

After the probing duration ends, the AP transmits a probe
response frame 4214 to the STAs that transmit the probe
request frames 4221 and 4231 during the probing duration.
In this case, the MU-OFDMA or MU-MIMO technique may
be used.

The STA that receives the probe response frame 4214
transmits ACK frames 4222 and 4232 as the response.

In FIG. 42, the respective STAs transmit the probe request
frame 1n contention, but the probe request frame may be
transmitted at an mterval of the SIFS after the trigger frame.

FIG. 43 1s a diagram 1illustrating an active scanning
process according to an embodiment of the present inven-
tion.
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Referring to FIG. 43, first, the AP periodically transmits
a trigger frame 4311 for the active scanning.

An STA which intends to recerve the network information
of the corresponding AP or an STA which wants to establish
the association among STAs that receive the trigger frame
4311 and has not yet been associated with the AP transmuits

a probe request frame 4321 after the SIFS.
The AP that successtully receives the probe request frame

4321 transmits an ACK frame 4312 to the STA that transmits

the corresponding probe request frame 4321 as the response
after the SIFS.

In addition, another STA which intends to receive the
network information of the corresponding AP or another
STA which wants to establish the association among STAs
that receive the trigger frame 4311 and has not yet been

associated with the AP transmits a probe request frame 4331
after the SIFS.

The AP that successtully recerves the probe request frame
4331 transmits an ACK frame 4313 to the STA that transmuits
the corresponding probe request frame 4331 as the response
after the SIFS.

As described above, the STAs arbitrarily determine trans-
mission orders thereof and consecutively transmit the probe
request frames 4321 and 4331 at the interval of the SIFS
according to the transmission orders.

When two or more STAs determine the same order and
the probe request frames thus collide with each other, the AP
does not transmit the ACK {frame, and as a result, the STAs
verifles whether the collision occurs.

The AP transmits an association response frame (alterna-
tively, a probe response frame) 4314 to the STAs that

transmit the probe request frames 4321 and 4331. In this

case, the MU-OFDMA or MU-MIMO technique may be
used.

The STA that receives the association response Irame
(alternatively, the probe response frame) 4314 transmits
ACK frames 4322 and 4332 as the response.

FIG. 44 1s a diagram illustrating an active scannming
process according to an embodiment of the present inven-
tion.

In FIG. 44, the same active scanning procedure as FIG. 43
1s performed, but a case 1n which no STA transmits the probe
request frame in the corresponding order after the trigger
frame 1s 1llustrated.

As described above, when no STA transmits the probe
request frame 1n the corresponding order after the trigger
frame, the AP transmits a trigger frame 4412 at an interval
of PIFS after a previous trigger frame 4411 to maintain a
transmission opportunity (ITXOP). Since a subsequent pro-
cess 1s the same as the process of FIG. 43 given above, the
corresponding will be hereinafter omitted.

FIG. 45 1s a diagram illustrating an active scannming
process according to an embodiment of the present inven-
tion.

Referring to FIG. 45, first, the AP periodically transmits
a trigger frame 4511 for the active scanning.

An STA which itends to receive the network information
of the corresponding AP or an STA which wants to establish
the association among STAs that receive the trigger frame
4511 and has not yet been associated with the AP transmuits
probe request frames 4521 and 4531 by the UL MU trans-
mission scheme after the SIFS after receiving the trigger
frame 4511.

In this case, each STA may determine the subband (alter-
natively, resource unit) in which each STA will transmait the
probe request frames 4521 and 4531.
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The AP that successiully receives the probe request
frames 4521 and 4531 transmits an ACK frame 4512 to the
STA that transmits the corresponding probe request frames
4521 and 4531 as the response after the SIFS. In this case the
ACK frame 4512 may be transmitted by the MU-OFDMA
or MU-MIMO technique.

The AP transmits an association response frame (alterna-
tively, a probe response frame) 4513 to the STAs that
transmit the probe request frames 4521 and 4331. In this
case, the MU-OFDMA or MU-MIMO technique may be
used.

The STA that receives the association response frame
(alternatively, the probe response frame) 4513 transmits
ACK frames 4522 and 4532 as the response.

Meanwhile, 1n the active scanning procedure described 1n
the examples of FIGS. 42 to 45 given above, when the
number of STAs that transmit the probe request frame 1s
very large, the collision may very frequently occur. In order
to distribute the transmission, the AP may designate the STA
capable of transmitting the probe request frame through the
trigger frame.

For example, the AP may designate a range of an MAC
address of the STA. In this case, only when the MAC address
of the STA corresponds to one of MAC addresses 1n which
the trigger frame 1s designated, the STA may transmit the
probe request frame. On the confrary, when the MAC
address of the STA does not correspond to the MAC address
in which the trigger frame 1s designated, the STA may waits
for a next trigger frame or move to another channel.

Alternatively, the AP may announce a random value to
transmit the probe request frame through the trigger frame.
For example, when the AP announces 15 and 7, the STA may
select one random value among 0 to 15 and thereafter,
transmit the probe request frame only when the selected
random value 1s 7 or less.

As described above, the STA capable of transmitting the
probe request frame through the trigger frame 1s designated
to decrease a collision probability.

The trigger frame 1illustrated i FIGS. 42 to 45 given
above may be configured differently from the structure of the
trigger frame described 1n FIGS. 33 and 34 given above.

Hereinatter, in describing the present invention, for dis-
tinguishment from the NDP type trigger frame 1llustrated in
FIG. 33, the tngger frame for the active scanning operation
(that 1s, probe request frame transmission) of the STA
illustrated 1n FIGS. 42 to 45 given above will be referred to
as a broadcast trigger frame.

Heremnafiter, the present invention proposes the structure
of the broadcast trigger frame and contents transferred 1n the
broadcast trigger frame.

The broadcast trigger frame may be continuously trans-
mitted 1n the bandwidth of 20 MHz. Further, the broadcast
trigger frame 1s used for triggering the random access, the
STA ID field for the STA that receives the broadcast trigger
frame 1s not required, and as a result, the HE-SIG2 field
(alternatively, HE-SIG-B field) need not be transmitted.

Accordingly, the HE-SIG1 field (alternatively, HE-SIG-A
field) may indicate the frame type 1n order to distinguish the
broadcast trigger frame from the general NDP type trigger
frame.

Therefore, the following structure of the broadcast trigger
frame 1s proposed.

FIG. 46 1s a diagram 1illustrating the structure of a broad-
cast trigger frame according to an embodiment of the present
invention.

Referring to FIG. 46, in the broadcast trigger frame,

L-LTF 4612 may follow L-STF 4611, L-SIG 4613 may
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tollow the L-LTF 4612, and an HE-SIG1 field (alternatively,
HE-SIG-A field) 4614 may follow the L-SIG 4613.

Information included 1n the L-SIG 4613 1s described
below.

A length field of the L-SIG 4613 indicates the probing
duration (see FIG. 42 given above) to set the TXOP.

Alternatively, when the probing duration 1s more than 5
ms, the HE-SIG1 field 4614 may indicate length informa-
tion.

Further, the length information may be previously fixed
through the beacon frame, and the like or 1n advance.

The information included in the HE-SIG1 4614 1s
described below.

1) The HE-SIG1 4614 may include a field for announcing,
whether the corresponding frame 1s the broadcast trigger
frame or the general NDP type trigger frame.

That 1s, the HE-SIG1 4614 may include a frame type
indication field and a sub type indication field.

The frame type indication field announces whether the
corresponding frame 1s the NDP type trigger frame or the
MAC frame type.

In addition, when the corresponding frame i1s the NDP
type trigger frame, the sub type indication field announces
whether the corresponding frame 1s the broadcast trigger
frame.

Further, all of the information may be, at once, announced
only with the frame type indication. For example, ‘00° may
be defined to mdicate the MAC frame type trigger frame,
‘01” may be defined to indicate the broadcast trigger frame,
and ‘10” may be defined to indicate the general NDP type
trigger frame (that 1s, except for the broadcast trigger frame).

Further, since the trigger frame exists only 1n the DL, this
ficld may be interpreted as the NDP type frame 1n the UL
frame.

2) The HE-SI1G1 4614 may include the length field.

In the case of the NDP type trigger frame, a value (that 1s,

a length value) of the length field may be used for setting the

TXOP. That 1s, the TXOP may be set by the length infor-
mation of the L.-SIG 4613 as described above, but 11 not, the
length information may be imcluded in the HE-SIG1 4614.
Alternatively, if the length information 1s not required 1n the
NDP, the length information may be omitted.

3) The HE-SIG1 4614 may contain information required
for the STAs to transmit the probe request frame, and the
like.

When the corresponding frame 1s the broadcast trigger
frame 1n the frame type, the corresponding frame may be
interpreted or the information required for the STAs to send
the probe request frame, and the like may be additionally
sent. For example, the HE-SIG1 4614 may include a trans-
mission period of the broadcast trigger frame or a transmis-
sion time of the next broadcast trigger frame.

Alternatively, the HE-SIG1 4614 may include resource
allocation information. For example, 00 may be set as four
5 MHz channels, 01 may be set as two 10 MHz channels, 10
may be set as one 20 MHz channel, and 11 may be set as
reserved. The STA transmits the probe request frame by
selecting the transmission band according to the resource
allocation information.

4) Further, besides, the HE-SIG1 4614 may include
common SIG1 miformation including a color bit, a CRC, a
padding bit, and the like. However, 1n the case of the
broadcast trigger frame, the bandwidth information may not
be mcluded.

Meanwhile, 1n FIG. 46, 1t 1s described that the trigger
frame for triggering the probe request frame transmission 1s

the broadcast trigger frame as an example, but the structure
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of FIG. 33 or 34 described above may be used as the
structure of the trigger frame for triggering the probe request
frame transmission. In this case, the information described

in FIG. 46 given above may be included 1n the trigger frame
having the structure of FIG. 33 or 34.

General Apparatus to which the Present Invention May be
Applied

FIG. 47 1s a block diagram exemplifying a wireless
apparatus according to an embodiment of the present inven-
tion.

Referring to FIG. 47, an apparatus 4710 according to the
present invention may include a processor 4711, a memory
4712, and a radio frequency (RF) unit 4713. The apparatus
4710 may be an AP or a non-AP STA for implementing the
embodiments of the present invention.

The RF unit 4713 1s connected to the processor 4711 to
transmit and/receive a wireless signal. For example, the RF

unmit 4713 may implement the physical layer according to the

IEEE 802.11 system.

The processor 4711 1s connected to the RF unit 4713 to
1mplement the physical layer and/or MAC layer according to
the IEEE 802.11 system. The processor 4711 may be con-
figured to perform the operations according to the various
embodiments of the present invention according to FIGS. 1
to 47 above. In addition, a module that implements the
operations of the AP and/or the STA according to the various
embodiments of the present invention according to FIGS. 1
to 46 above may be stored in the memory 4712 and executed
by the processor 4711.

The memory 4712 1s connected to the processor 4711 and
stores various pieces of mnformation for dniving the proces-
sor 4711. The memory 4712 may be included 1n the pro-
cessor 4711, or installed exterior to the processor 4711 and
connected to the processor 4711 with a known means.

Further, the apparatus 4710 may have a single antenna or
multiple antennas.

Such a detailed configuration of the apparatus 4710 may
be implemented such that the features described 1n various
embodiments of the present mnvention described above are
independently applied or two or more embodiments are
simultaneously applied.

The embodiments described so far are those of the ele-
ments and technical features being coupled in a predeter-
mined form. So far as there 1s not any apparent mention,
cach of the elements and technical features should be
considered to be selective. Each of the elements and tech-
nical features may be embodied without being coupled with
other elements or technical features. In addition, it 1s also
possible to construct the embodiments of the present inven-
tion by coupling a part of the elements and/or technical
teatures. The order of operations described 1n the embodi-
ments of the present invention may be changed. A part of
clements or technical features in an embodiment may be
included 1n another embodiment, or may be replaced by the
clements and technical features that correspond to other
embodiment. It 1s apparent to construct embodiment by
combining claims that do not have explicit reference relation
in the following claims, or to include the claims 1n a new
claim set by an amendment after application.

The embodiments of the present invention may be imple-
mented by various means, for example, hardware, firmware,
software and the combination thereof. In the case of the
hardware, an embodiment of the present invention may be
implemented by one or more application specific integrated
circuits (ASICs), digital signal processors (DSPs), digital
signal processing devices (DSPDs), programmable logic
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devices (PLDs), field programmable gate arrays (FPGAs), a
processor, a controller, a micro controller, a micro processor,
and the like.

In the case of the implementation by the firmware or the
software, an embodiment of the present invention may be
implemented 1 a form such as a module, a procedure, a
function, and so on that performs the functions or operations
described so far. Software codes may be stored in the
memory, and driven by the processor. The memory may be
located interior or exterior to the processor, and may
exchange data with the processor with various known
means.

It will be understood to those skilled 1n the art that various
modifications and variations can be made without departing,
from the essential features of the inventions. Therefore, the
detailed description 1s not limited to the embodiments
described above, but should be considered as examples. The
scope of the present invention should be determined by
reasonable interpretation of the attached claims, and all
modification within the scope of equivalence should be
included in the scope of the present invention.

INDUSTRIAL APPLICABILITY

In the wireless communication system, the example in
which the uplink single-user or multi-user transmission
method 1s applied to the IEEE 802.11 system 1s primarily
described, but the uplink multi-user transmission method

can be applied to various wireless communication systems
in addition to the IEEE 802.11 system.

What 1s claimed 1s:

1. A method for performing uplink (UL) multi-user (MU)
transmission by a station (STA) 1n a wireless communication
system, the method comprising:

receiving a Medium Access Control (MAC) frame from

an access point (AP), the MAC frame comprising (i) a
MAC header, (ii) a frame body, and (iii) a Frame Check
Sequence (FCS), the MAC header including a field
[indicating] for whether a frame type of the MAC
frame 1s a trigger frame; and

performing the UL MU transmission by transmitting a

Physical-layer Protocol Data Unit (PPDU) comprising
a UL frame 1in response to the MAC frame to the AP,
[when] based on the frame type of the MAC frame [is]
being the trigger frame,

wherein the trigger frame 1ncludes (i) information for the

UL MU transmission and (ii) trigger type information
[indicating] for a trigger type of the trigger frame,
wherein the information for the UL MU transmission in

the trigger frame depends on the trigger type of the
trigger frame,

wherein the trigger type information comprises informa-

tion for whether the trigger type of the trigger frame
[includes] is (i) a type for triggering transmission of UL
MU data framesfor], (ii) a type for triggering transmis-
sion of bufler status report frames, or (iii) a type for
triggering transmission of Clear-1To-Send (CTS)
frames, and

wherein the UL frame is a UL MU data frame [when]

based on the trigger type of the trigger frame [includes}
being the type for triggering transmission of UL MU
data frames.

2. The method of claim 1, wherein, [when] based on the
trigger type of the trigger frame [is] being the type for
triggering transmission of the UL MU data frames, the
information for the UL MU transmission in the trigger frame
includes (i) an association identifier (AID) for each of STA
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performing the UL MU ftransmission, (ii) space resource
[indication] related information for a UL MU frame of each
STA 1dentified by the AID, and (iii) frequency resource
[indication] related information for the UL MU frame of
cach STA identified by the AID.

3. The method of claim 2, wherein based on the trigger
tvpe of the trigger frame being the tvpe for triggering
transmission of the UL MU data frames, the information for
the UL MU transmission in the trigger frame further includes
(i) a modulation and coding scheme (MCS) level index of
the UL MU frame of each STA identified by the AID and (ii)
a coding type of the UL MU frame of each STA i1dentified
by the AID.

4. The method of claim 1, wherein, [when] based on the
trigger type of the trigger frame [is] being the type for
triggering transmission of the buller status report frames, the
information for the UL MU transmission in the trigger frame
includes an association identifier (AID) for each [of] STA
performing the UL MU transmission, and

wherein the UL frame 1s a bufler status report frame,

based on the trigger type of the trigger frame being the
tvpe for triggering transmission of the buffer status
report frames.

5. The method of claim 1, wherein, [when] based on the
trigger type of the trigger frame [is] being the type for
triggering transmission of the UL MU data frames, the
information for the UL MU transmission in the trigger frame
further 1ncludes resource mformation of the UL MU data
frames.

6. The method of claim 5, wherein based on the trigger

tvpe of the trigger frame being the tvpe for triggering
transmission of the UL MU data frames, the UL MU data
frame 1s transmitted through a resource which the STA
arbitrarily selects based on the resource mnformation.

7. The method of claim 5, wherein based on the trigger
tvpe of the trigger frame being the tvpe for triggering
transmission of the UL MU data frames, the trigger frame
further includes [the] (i) information [indicating] for
whether [the] a modulation and coding scheme (MCS) level
index and [the] a space time block coding (STBC) are
applied to the UL MU frame, (ii) transmittable frequency
resource [indication] related information of the UL MU
frame, and [the] (iii) length information of the UL MU
frame.

8. A method for supporting uplink (UL) multi-user (MU)
transmission by an access point (AP) in a wireless commu-
nication system, the method comprising:

transmitting a Medium Access Control (MAC) frame to a

station (STA), the MAC frame comprising a MAC
header, a frame body and a Frame Check Sequence
(FCS), the MAC header including a field [indicating]
for whether a frame type of the MAC frame 1s a trigger
frame: and

receiwving the UL MU transmission comprising a Physi-

cal-laver Protocol Data Unit (PPDU) which comprises
a UL frame 1n response to the MAC frame to the AP,
[when] based on the frame type of the MAC frame [is]
being the trigger frame,

wherein the trigger frame 1includes (i) mnformation for the

UL MU transmission and (ii) trigger type information
[indicating] for a trigger type of the trigger frame,
wherein the information for the UL MU transmission in

the trigger frame depends on the trigger type of the
trigger frame,

wherein the trigger tvpe information comprises informa-

tion for whether the trigger type of the trigger frame
[includes] is (i) a type for triggering transmission of UL
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MU data framesfor], (ii) a type for triggering transmis-
sion of bufler status report frames, or (iii) a type for
triggering transmission of Clear-1o-Send (C15)
frames, and

wherein the UL frame is a UL MU data frame [when]

based on the trigger type of the trigger frame [includes]
being the type for triggering transmission of UL MU
data frames.

9. A station (STA) device [for performing] configured to
perform uplink (UL) multi-user (MU) transmission 1n a
wireless communication system, the station device compris-
ng:

a radio frequency (RF) unit, including a transceiver, for

transmitting and receiving a wireless signal; and

a Processor,

wherein the processor 1s configured to:

receive a Medium Access Control (MAC) frame from an

access point (AP), the MAC frame comprising a MAC
header, a frame body and a Frame Check Sequence
(FCS), the MAC header including a field [indicating]
for whether a frame type of the MAC frame 1s a trigger
frame; and

[transmit] perform the UL MU transmission by transmit-

ting a Physical-layer Protocol Data Unit (PPDU)

comprising a UL frame 1n response to the MAC frame
to the AP, [when] based on the frame type of the MAC

frame [is] being the trigger frame,
wherein the trigger frame 1ncludes (i) information for the
UL MU transmission and (ii) trigger type information
[indicating] for a trigger type of the trigger frame,
wherein the information for the UL MU transmission in
the trigger frame depends on the trigger type of the
trigger frame,

wherein the trigger type information comprises informa-

tion for whether the trigger type of the trigger frame
[includes] is (i) a type for triggering transmission of UL
MU data framesf|or], (ii) a type for triggering transmis-
sion of buller status report frames, or (iii) a type for
triggering transmission of Clear-1o-Send (C15)
frames, and

wherein the UL frame is a UL MU data frame [when]

based on the trigger type of the trigger frame [includes}
being the type for triggering transmission of UL MU
data frames.

10. The station device of claim 9, wherein, [when] based
on the trigger type of the trigger frame [is] being the type for
triggering transmission of the UL MU data frames, the
information for the UL MU transmission in the trigger frame
includes (i) an association identifier (AID) for each of STA
performing the UL MU transmission, (ii) space resource
[indication] related information for a UL MU frame of each
STA 1dentified by the AID, and (iii) frequency resource
[indication] related information for the UL MU frame of
cach STA identified by the AID.

11. The station device of claim 10, wherein based on the
trigger type of the trigger frame being the type for triggering
transmission of the UL MU data frames, the information for
the UL MU transmission in the trigger frame further includes
(/) a modulation and coding scheme (MCS) level index of

10

15

20

25

30

35

40

45

50

55

32

the UL MU frame of each STA identified by the AID and (ii)
a coding type of the UL MU frame of each STA i1dentified
by the AID.

12. The station device of claim 9, wherein, [when] based
on the trigger type of the trigger frame [is] being the type for
triggering transmission of the buller status report frames, the
information for the UL MU transmission in the trigger frame
includes an association identifier (AID) for each [of] STA
performing the UL MU transmission.

13. The method of claim 8, wherein, [when] based or the
trigger type of the trigger frame [15] being the type for
triggering transmission of the buller status report frames, the
information for the UL MU transmission in the trigger frame
includes an association identifier (AID) for each [Jof] STA
performing the UL MU transmission.

14. A method for performing uplink (UL) multi-user (MU)
transmission by a station (S14) in a wireless communication
svstem, the method comprising:

receiving a Medium Access Control (MAC) frame from an

access point (AP), the MAC frame comprising (i) a
MAC header, (ii) a frame body, and (iii) a Frame Check
Sequence (FCS), the MAC header including a frame
control field, wherein the frame control field has a
length of 2 octets and includes a 2-bit frame type field
Jor whether a frame type of the MAC frame is a trigger
frame; and

performing the UL MU transmission by transmitting a

Physical-layer Protocol Data Unit (PPDU) comprising
a UL frame in rvesponse to the MAC frame to the AP,
based on the frame type of the MAC frame being the
trigger frame,

wherein based on the frame type of the MAC frame being

the trigger frame, the trigger frame further includes, in
a field of the trigger frame other than the frame control
field, trigger type information for a trigger type of the
trigger frame,

wherein the trigger type information comprises informa-

tion for whether the trigger type of the trigger frame is
(i) a type for triggering transmission of UL MU data
frames, (i) a type for triggering transmission of buffer
status report frames, or (iii) a type for triggering
transmission of Clear-1o-Send (C1S) frames, and

wherein the UL frame is a UL MU data frame based on
the trigger type of the trigger frame being the type for

triggering transmission of UL MU data frames.

15. The method of claim 14, wherein based on the trigger
type information comprising information that the trigger
tvpe of the trigger frame is the type for triggering transmis-
sion of the buffer status veport frames:

the trigger frame further includes information regarding

an association identifier (AID) for each STA perform-
ing the UL MU transmission, and

the transmitted UL frame is a buffer status report frame.

16. The method of claim 14, wherein based on the trigger
type information comprising information that the trigger
tvpe of the trigger frame is the type for triggering transmis-

sion of the CITS frames:
the transmitted UL frame is a CIS frame.
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