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Disclosed are multi-user transmission methods in a wireless
local access network (WLAN). An operation method per-
formed in a first station may comprise generating a physical
layer convergence procedure (PLCP) protocol data unit
(PPDU) including a legacy preamble, a high efficiency (HE)
preamble, and a payload; and transmitting the PPDU. Also,
the HE preamble may include a HE signal A (HE-SIG-A)
field, a HE signal B (HE-SIG-B) field, a HE short training
field (HE-STF), and a HE long training field (HE-LTF), and
the HE-SIG-A field may include information indicating the
number of symbols of the HE-SIG-B field. Accordingly, a
performance of the WLAN may be enhanced.
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TRANSMISSION METHOD FOR MULTI
USER IN WIRELESS LOCAL AREA
NETWORK

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priorities to Korean Patent
Application No. 10-2014-0166843 filed on Nov. 26, 2014,
and Korean Patent Application No. 10-2015-0166243 filed on
Now. 26,2015, the entire contents of which are hereby incor-
porated by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The present disclosure relates to a wireless local

area network (WLAN) teclhnology, and more particularly to
a technology for multi-user transmissions.

[0004] 2. Related Art

[0005] With the development of information communica-
tion technologies, a variety of wireless communication tech-
nologies have been developed. Among these technologies,
wireless local area network (WLAN) is a technology that
Internet access is possible in a wireless way in homes, busi-
ness or specific service providing areas, using portable termi-
nal such as personal digital assistant (PDA), a laptop com-
puter, a portable multimedia player (PMP), or the like, based
on wireless frequency technologies.

[0006] WLAN technologies are created and standardized
by the IEEE 802.11 Working Group under IEEE 802 Standard
Committee. As such WLAN technology becomes more
prevalent and its applications become more diverse, there is
increasing demand for new WLAN technology that can sup-
port a higher throughput than existing WLAN technologies.
Very high throughput (VHT) WLAN technology is proposed
to support a data rate of 1 Gbps and higher. A WLAN tech-
nology according to IEEE 802.11ac standard is a technology
providing VHT in sub 6 GHz band, and A WLAN technology
according to IEEE 802.11ad standard is a technology provid-
ing VHT in 60 GHz band.

[0007] In addition to the above-described standards, vari-
ous standards on WLAN technologies have been developed,
and are being developed. As representative recent technolo-
gies, a WLAN technology according to IEEE 802.11af stan-
dard is a technology which has been developed for WLAN
operation in TV white space bands, and a WLAN technology
according to IEEE 802.11ah standard is a technology which
has been developed for supporting a great number of stations
operating with low power in sub 1 GHz band, and a WLAN
technology according to IEEE 802.11ai standard is a technol-
ogy which has been developed for supporting fast initial link
setup (FILS) in WLAN systems. Also, IEEE 802.11 ax stan-
dard is being developed for enhancing frequency efficiency of
dense environments in which numerous access points and
stations exist.

[0008] In the system based on such the WLAN technolo-
gies, a multi-user transmission can be performed. The multi-
user transmission may include an orthogonal frequency divi-
sion multiple access (OFDMA) based uplink and downlink
transmission, a multi user multiple input multiple output
(MU-MIMO) based uplink and downlink transmission, and
so on. In a case that the multi-user transmission between
stations is performed, information needed for the multi-user
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transmission may be signaled to respective stations partici-
pating in the multi-user transmission.

SUMMARY

[0009] Accordingly, exemplary embodiments of the
present disclosure are provided to substantially obviate one or
more problems due to limitations and disadvantages of the
related art. Exemplary embodiments of the present disclosure
provide various operation methods of a station supporting a
multi-user transmission in a WLAN.

[0010] In order to achieve the above-described objectives,
an aspect of an operation method of a first station in a WLAN
may comprise generating a physical layer convergence pro-
cedure (PLCP) protocol data unit (PPDU) including a legacy
preamble, a high efficiency (HE) preamble, and a payload;
and transmitting the PPDU, wherein the HE preamble
includes a HE signal A (HE-SIG-A) field, a HE signal B
(HE-SIG-B) field, a HE short training field (HE-STF), and a
HE long training field (HE-LTF), and the HE-SIG-A field
includes information indicating a number of symbols of the
HE-SIG-B field.

[0011] Here, the number of symbols of the HE-SIG-B field
may be indicated based on transmission bandwidth informa-
tion of the PPDU included in the HE-SIG-A field.

[0012] Here, the number of symbols of the HE-SIG-B field
may be indicated based on transmission bandwidth informa-
tion of the PPDU and information on a size of resource
allocated to a station receiving the PPDU included in the
HE-SIG-A field.

[0013] Here, the number of symbols of the HE-SIG-B field
may be indicated based information on a number of stations
receiving the PPDU included in the HE-SIG-A field.

[0014] Here, the HE-SIG-A field may further include infor-
mation indicating a modulation and coding scheme (MCS)
applied to the HE-SIG-B field.

[0015] Here, the HE-SIG-B field may be repeated in time
domain.
[0016] Here, the HE-SIG-B field may include resource

allocation information of a station receiving the PPDU.
[0017] In order to achieve the above-described objectives,
another aspect of the operation method of a first station in a
WLAN may comprise obtaining a legacy preamble included
in a physical layer convergence procedure (PLCP) protocol
data unit (PPDU) received from a second station; obtaining a
high efficiency (HE) preamble included in the PPDU; and
obtaining a payload included in the PPDU based on informa-
tion included in the HE preamble, wherein the HE preamble
includes a HE signal A (HE-SIG-A) field, a HE signal B
(HE-SIG-B) field, a HE short training field (HE-STF), and a
HE long training field (HE-LTF), and the HE-SIG-A field
includes information indicating a number of symbols of the
HE-SIG-B field.

[0018] Here, the number of symbols of the HE-SIG-B field
may be indicated based on transmission bandwidth informa-
tion of the PPDU included in the HE-SIG-A field.

[0019] Here, the number of symbols of the HE-SIG-B field
may be indicated based on transmission bandwidth informa-
tion of the PPDU and information on a size of resource
allocated to a station receiving the PPDU included in the
HE-SIG-A field.

[0020] Here, the number of symbols of the HE-SIG-B field
may be indicated based information on a number of stations
receiving the PPDU included in the HE-SIG-A field.
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[0021] Here, the HE-SIG-A field may further include infor-
mation indicating a modulation and coding scheme (MCS)
applied to the HE-SIG-B field.

[0022] Here, the HE-SIG-B field may be repeated in time
domain.
[0023] Here, the HE-SIG-B field may include resource

allocation information of a station receiving the PPDU.
[0024] According to the exemplary embodiments of the
present disclosure, in the case that the MU transmission is
performed, the resource allocation information for each sta-
tion participating in the MU transmission may be included in
the HE-SIG field (e.g., the HE-SIG-A field, the HE-SIG-B
field, etc.) of the PPDU. Also, each station may identify a
resource allocated to it based on the resource allocation infor-
mation, and decode signals received through the identified
resource. Among information needed for the MU transmis-
sion (e.g., the resource allocation information, etc.), common
information may be transmitted through a whole frequency
band, and user-specific (STA-specific) information may be
transmitted through a frequency band (or, at least one spatial
stream) allocated to the corresponding STA. The information
needed for transmission may vary according to the transmis-
sion manner of the PPDU (e.g., OFDM, OFDMA,
SU-MIMO, MU-MIMO, etc.), and accordingly structures of
the preambles included in the PPDU may be changed.
Through this, the performance of the WLAN can be
enhanced.

BRIEF DESCRIPTION OF DRAWINGS

[0025] Exemplary embodiments of the present disclosure
will become more apparent by describing in detail exemplary
embodiments of the present disclosure with reference to the
accompanying drawings, in which:

[0026] FIG.11isablockdiagram illustrating a structure of a
WLAN device;
[0027] FIG. 2 is a schematic block diagram illustrating a

transmitting signal processing unit in a WLAN;

[0028] FIG. 3 is a schematic block diagram illustrating a
receiving signal processing unit in the WLAN;

[0029] FIG. 4 is a timing diagram illustrating interframe
space (IFS) relationships;

[0030] FIG.5isatiming diagram illustrating a frame trans-
mission procedure based on a CSMA (carrier sense multiple
access)/CA (collision avoidance) manner for avoiding colli-
sion between frames in a channel;

[0031] FIG. 6 is a conceptual diagram illustrating an exem-
plary embodiment of a WLAN topology;

[0032] FIG. 7 is a sequence chart illustrating an exemplary
embodiment of a downlink transmission in a WLAN:

[0033] FIG. 8 is a block diagram illustrating a first exem-
plary embodiment of a PPDU;

[0034] FIG. 9 is a block diagram illustrating a second
exemplary embodiment and a third exemplary embodiment
of a PPDU;

[0035] FIG. 10 is a block diagram illustrating a fourth
exemplary embodiment of a PPDU;

[0036] FIG.11isasequence chartillustrating an exemplary
embodiment of an uplink transmission method in WLAN;
and

[0037] FIG.12 is a block diagram illustrating a fifth exem-
plary embodiment of a PPDU.
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DETAILED DESCRIPTION

[0038] In the following detailed description, only certain
embodiments of the present invention have been shown and
described, simply by way of illustration. As those skilled in
the art would realize, the described embodiments may be
modified in various different ways, all without departing from
the spirit or scope of the present invention. Accordingly, the
drawings and description are to be regarded as illustrative in
nature and not restrictive. Like reference numerals designate
like elements throughout the specification.

[0039] In a wireless local area network (WLAN), a basic
service set (BSS) includes a plurality of WLAN devices. The
WLAN device may include a medium access control (MAC)
layer and a physical (PHY) layer according to IEEE (Institute
of Electrical and Electronics Engineers) 802.11 standard. In
the plurality of WLAN devices, at least one WLAN device
may be an access point and the other WL AN devices may be
non-AP stations (non-AP STAs). Alternatively, all the plural-
ity of WLAN devices may be non-AP STAs in Ad-hoc net-
working. In general, the AP STA and the non-AP STA may be
collectively called the STA. However, for easy description,
only the non-AP STA may be called the STA.

[0040] FIG. 1is ablock diagram illustrating a structure of a
WLAN device.
[0041] Referring to FIG. 1, the WLAN device 1 may

include a baseband processor 10, a radio frequency (RF)
transceiver 20, an antenna unit 30, a memory 40, an input
interface unit 50, an output interface unit 60, and a bus 70. The
baseband processor 10 may perform baseband signal process-
ing, and may include a MAC processor 11 and a PHY pro-
cessor 15.

[0042] In one embodiment, the MAC processor 11 may
include a MAC software processing unit 12 and a MAC
hardware processing unit 13. The memory 40 may store soft-
ware (hereinafter referred to as “MAC software”) including at
least some functions of the MAC layer. The MAC software
processing unit 12 executes the MAC software to implement
the some functions of the MAC layer, and the MAC hardware
processing unit 13 may implement remaining functions of the
MAC layer as hardware (hereinafter referred to “MAC hard-
ware”). However, the MAC processor 11 is not limited to this.
The PHY processor 15 may include a transmitting signal
processing unit 100 and a receiving signal processing unit
200.

[0043] The baseband processor 10, the memory 40, the
input interface unit 50, and the output interface unit 60 may
communicate with each other via the bus 70. The RF trans-
ceiver 20 may include an RF transmitter 21 and an RF
receiver 22. The memory may further store an operating
system and applications. The input interface unit 50 receives
information from a user, and the output interface unit 60
outputs information to the user.

[0044] The antenna unit 30 includes one or more antennas.
When multiple-input multiple-output (MIMO) or multi-user
MIMO (MU-MIMO) is used, the antenna unit 30 may include
a plurality of antennas.

[0045] FIG. 2 is a schematic block diagram illustrating a
transmitting signal processing unit in a WLAN.

[0046] Referringto FIG. 2, atransmitting signal processing
unit 100 may include an encoder 110, an interleaver 120, a
mapper 130, an inverse Fourier transformer (IFT) 140, and a
guard interval (GI) inserter 150.

[0047] The encoder 110 encodes input data. For example,
the encoder 100 may be a forward error correction (FEC)
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encoder. The FEC encoder may include a binary convolu-
tional code (BCC) encoder followed by a puncturing device,
or may include a low-density parity-check (LDPC) encoder.
[0048] The transmitting signal processing unit 100 may
further include a scrambler for scrambling the input data
before the encoding to reduce the probability of long
sequences of Os or 1s. If BCC encoding is used in the encoder,
the transmitting signal processing unit 100 may further
include an encoder parser for demultiplexing the scrambled
bits among a plurality of BCC encoders. I[f LDPC encoding is
used in the encoder, the transmitting signal processing unit
100 may not use the encoder parser.

[0049] The interleaver 120 interleaves the bits of each
stream output from the encoder to change order of bits. Inter-
leaving may be applied only when BCC encoding is used. The
mapper 130 maps the sequence of bits output from the inter-
leaver to constellation points. I[f the LDPC encoding is used in
the encoder, the mapper 130 may further perform LDPC tone
mapping besides the constellation mapping.

[0050] When the MIMO or the MU-MIMO is used, the
transmitting signal processing unit 100 may use a plurality of
interleavers 120 and a plurality of mappers corresponding to
the number of NSS of spatial streams. In this case, the trans-
mitting signal processing unit 100 may further include a
stream parser for dividing outputs of the BCC encoders or the
LDPC encoder into blocks that are sent to different interleav-
ers 120 or mappers 130. The transmitting signal processing
unit 100 may further include a space-time block code (STBC)
encoder for spreading the constellation points from the NSS
spatial streams into NSTS space-time streams and a spatial
mapper for mapping the space-time streams to transmit
chains. The spatial mapper may use direct mapping, spatial
expansion, or beamforming.

[0051] The IFT 140 converts a block of the constellation
points output from the mapper 130 or the spatial mapper to a
time domain block (i.e., a symbol) by using an inverse dis-
crete Fourier transform (IDFT) or an inverse fast Fourier
transform (IFFT). If the STBC encoder and the spatial map-
per are used, the inverse Fourier transformer 140 may be
provided for each transmit chain.

[0052] When the MIMO or the MU-MIMO is used, the
transmitting signal processing unit 100 may insert cyclic shift
diversities (CSDs) to prevent unintentional beamforming.
The CSD insertion may occur before or after the inverse
Fourier transform. The CSD may be specified per transmit
chain or may be specified per space-time stream. Alterna-
tively, the CSD may be applied as a part of the spatial mapper.
When the MU-MIMO is used, some blocks before the spatial
mapper may be provided for each user.

[0053] The GI inserter 150 prepends a GI to the symbol.
The transmitting signal processing unit 100 may optionally
perform windowing to smooth edges of each symbol after
inserting the GI. The RF transmitter 21 converts the symbols
into an RF signal and transmits the RF signal via the antenna
unit 30. When the MIMO or the MU-MIMO is used, the GI
inserter 150 and the RF transmitter 21 may be provided for
each transmit chain.

[0054] FIG. 3 is a schematic block diagram illustrating a
receiving signal processing unit in the WLAN.

[0055] Referring to FIG. 3, a receiving signal processing
unit 200 may include a GI remover 220, a Fourier transformer
(FT) 230, a demapper 240, a deinterleaver 250, and a decoder
260. An RF receiver 22 receives an RF signal via the antenna
unit 30 and converts the RF signal into the symbols. The GI
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remover 220 removes the GI from the symbol. When the
MIMO or the MU-MIMO is used, the RF receiver 22 and the
GI remover 220 may be provided for each receive chain.
[0056] The FT 230 converts the symbol (i.e., the time
domain block) into a block of the constellation points by
using a discrete Fourier transform (DFT) or a fast Fourier
transform (FFT). The Fourier transformer 230 may be pro-
vided for each receive chain. When the MIMO or the MLU-
MIMO is used, the receiving signal processing unit 200 may
a spatial demapper for converting the Fourier transformed
receiver chains to constellation points of the space-time
streams, and an STBC decoder for despreading the constel-
lation points from the space-time streams into the spatial
streams.

[0057] The demapper 240 demaps the constellation points
output from the Fourier transformer 230 or the STBC decoder
to the bit streams. If the LDPC encoding is used, the demap-
per 240 may further perform LDPC tone demapping before
the constellation demapping. The deinterleaver 250 deinter-
leaves the bits of each stream output from the demapper 240.
Deinterleaving may be applied only when BCC encoding is
used.

[0058] When the MIMO or the MU-MIMO is used, the
receiving signal processing unit 200 may use a plurality of
demappers 240 and a plurality of deinterleavers 250 corre-
sponding to the number of spatial streams. In this case, the
receiving signal processing unit 200 may further include a
stream deparser for combining the streams output from the
deinterleavers 250.

[0059] The decoder 260 decodes the streams output from
the deinterleaver 250 or the stream deparser. For example, the
decoder 100 may be an FEC decoder. The FEC decoder may
include a BCC decoder or an LDPC decoder. The receiving
signal processing unit 200 may further include a descrambler
for descrambling the decoded data. If BCC decoding is used
in the decoder, the receiving signal processing unit 200 may
further include an encoder deparser for multiplexing the data
decoded by a plurality of BCC decoders. If LDPC decoding is
used in the decoder 260, the receiving signal processing unit
100 may not use the encoder deparser.

[0060] FIG. 4 is a timing diagram illustrating interframe
space (IFS) relationships.

[0061] Referringto FIG. 4, a data frame, a control frame, or
a management frame may be exchanged between WLAN
devices. The data frame is used for transmission of data
forwarded to a higher layer. The WLAN device transmits the
data frame after performing backoff if a distributed coordi-
nation function IFS (DIFS) has elapsed from a time when the
medium has been idle.

[0062] The management frame is used for exchanging
management information which is not forwarded to the
higher layer. Subtype frames of the management frame
include a beacon frame, an association request/response
frame, a probe request/response frame, and an authentication
request/response frame. The control frame is used for con-
trolling access to the medium. Subtype frames of the control
frame include a request to send (RTS) frame, a clear to send
(CTS) frame, and an acknowledgement (ACK) frame. In the
case that the control frame is not a response frame of the other
frame, the WLAN device transmits the control frame after
performing backoff if the DIFS has elapsed. In the case that
the control frame is the response frame of the other frame, the
WLAN device transmits the control frame without perform-
ing backoff if a short IFS (SIFS) has elapsed. The type and
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subtype of frame may be identified by a type field and a
subtype field in a frame control field.

[0063] On the other hand, a Quality of Service (QoS) STA
may transmit the frame after performing backoff if an arbi-
tration IFS (AIFS) for access category (AC), i.e., AIFS[AC]
has elapsed. In this case, the data frame, the management
frame, or the control frame which is not the response frame
may use the AIFC[AC].

[0064] FIG.5is atiming drawing illustrating a frame trans-
mission procedure based on a CSMA (carrier sense multiple
access)/CA (collision avoidance) manner for avoiding colli-
sion between frames in a channel.

[0065] Referring to FIG. 5, STA1 is a transmit WLAN
device for transmitting data, STA2 is a receive WLAN device
for receiving the data, and STA3 is a WLAN device which
may be located at an area where a frame transmitted from the
STA1 and/or a frame transmitted from the STA2 can be
received by the WLAN device.

[0066] The STA1 may determine whether the channel is
busy by carrier sensing. The STA1 may determine the channel
occupation based on an energy level on the channel or corre-
lation of signals in the channel, or may determine the channel
occupation by using a network allocation vector (NAV) timer.
[0067] When determining that the channel is not used by
other devices during DIFS (that is, the channel is idle), the
STA1 may transmit an RTS frame to the STA2 after perform-
ing backoff. Upon receiving the RTS frame, the STA2 may
transmit a CTS frame as a response of the CTS frame after
SIFS.

[0068] When the STA3 receives the RTS frame, it may set
the NAV timer for a transmission duration of subsequently
transmitted frames (for example, a duration of SIFS+CTS
frame duration+SIFS+data frame duration+SIFS+ACK
frame duration) by using duration information included in the
RTS frame. When the STA3 receives the CTS frame, it may
set the NAV timer for a transmission duration of subsequently
transmitted frames (for example, a duration of SIFS+data
frame duration+SIFS+ACK frame duration) by using dura-
tion information included in the RTS frame. Upon receiving a
new frame before the NAV timer expires, the STA3 may
update the NAV timer by using duration information included
in the new frame. The STA3 does not attempt to access the
channel until the NAV timer expires.

[0069] When the STA1 receives the CTS frame from the
STA2, it may transmit a data frame to the STA2 after SIFS
elapses from a time when the CTS frame has been completely
received. Upon successfully receiving the data frame, the
STA2 may transmit an ACK frame as a response of the data
frame after SIFS elapses.

[0070] When the NAV timer expires, the STA3 may deter-
mine whether the channel is busy by the carrier sensing. Upon
determining that the channel is not used by the other devices
during DIFS after the NAV timer has expired, the STA3 may
attempt the channel access after a contention window accord-
ing to random backoff operation.

[0071] FIG. 6 is a conceptual diagram illustrating an exem-
plary embodiment of a WLAN topology.

[0072] Referring to FIG. 6, a first station (STA1) 610, a
second station (STA2) 620, a third station (STA3) 630, and a
fourth station (STA4) 640 may be located in a coverage of an
access point (AP) 600, and be associated with the AP 600. The
AP 600 and the STAs 610, 620, 630 and 640 may perform a
single user (SU) transmission or a multi user (MU) transmis-
sion. The SU transmission may include an OFDM based
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uplink/downlink(UL/DL) transmission, a ‘SU-MIMIO and
OFDM’ based UL/DL transmission, etc. Also, the MU trans-
mission may include an OFDMA based UL/DL transmission,
a ‘SU-MIMO and OFDMA’ based UL/DL transmission, a
‘MU-MIMO and OFDM’based UL/DL transmission, a ‘MU-
MIMO and OFDMA’ based UL/DL transmission, etc.
[0073] The AP 600 and the STAs 610, 620, 630, and 640
may perform the SU transmission or the MU transmission in
unit of 20 MHz bandwidth (e.g., by using a bandwidth of 20
MHz, 40 MHz, 80 MHz, or 160 MHz, etc.), or perform the SU
transmission or the MU transmission in unit of bandwidth
smaller than 20 MHz (e.g., 10 MHz, 5 MHz, 2.5 MHz, etc.).
For subcarrier spacing of 312.5 kHz, 156.25 kHz, or 78.125
kHz, a frequency band having a width of 20 MHz may respec-
tively include 64 subcarriers, 128 subcarriers, and 256 sub-
carriers. Also, the MU transmission can be performed in unit
of 10 MHz, 5 MHz, or 2.5 MHz.

[0074] Hereinafter, the OFDM based DL transmission
method, the ‘SU-MIMO and OFDM’ based DL transmission
method, and the ‘MU-MIMO and OFDM’ based DL trans-
mission method will be explained.

[0075] FIG. 7 is a sequence chart illustrating an exemplary
embodiment of a downlink transmission in a WLAN.

[0076] Referring to FIG. 7, an AP may be the AP 600
explained in FIG. 6, and STAs may be the STAs 610, 620,
630, and 640 explained in FIG. 6. The AP and STAs may
construct the WLAN topology explained in FIG. 6. The AP
may perform the OFDM based DL transmission, the ‘SU-
MIMO and OFDM’ based DL transmission, the ‘MU-MIMO
and OFDM” based DL transmission, etc., and the STAs may
perform operations corresponding to the operations of the AP.
Here, the AP may generate a physical layer convergence
procedure (PLCP) protocol data unit (PPDU) (S700). The
PPDU may have a structure which will be explained below.
However, the structure of the PPDU is not restricted to the
below explanation, and may have one or a combination of
various structures.

[0077] FIG. 8 is a block diagram illustrating a first exem-
plary embodiment of a PPDU.

[0078] Referring to FIG. 8, a PPDU 800 may include a
legacy preamble, a high efficiency (HE) preamble, and a
payload. The legacy preamble may include a legacy short
training field (L-STF), a legacy long training field (L-LTF),
and a legacy signal (L-SIG) field. In a case that a transmission
bandwidth of the PPDU 800 is 80 MHz, the fields included in
the legacy preamble may be duplicated in unit of 20 MHz.
The HE preamble may include a HE signal A field (HE-SIG-
A) field, a HE short training field (HE-STF), a HE long
training field (HE-LTF), and a HE signal B (HE-SIG-B) field.
In the case that the transmission bandwidth of the PPDU 800
is 80 MHz, the HE-SIG-A field may be duplicated in unit of
20 MHz, and the HE-STF, HE-LTF, and HE-SIG-B field may
be transmitted through the 80 MHz bandwidth. The HE-
SIG-A field may include at least one of information elements
listed in a below table 1.

TABLE 1

Information Elements

Bandwidth indicator
UL/DL indicator
OFDM/OFDMA indicator
SU/MU indicator

STA identifier
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TABLE 1-continued

Information Elements

BSS identifier

NS s
STBC

[0079] The bandwidth indicator may indicate a transmis-
sion bandwidth of the PPDU 800 (e.g., 20 MHz, 40 MHz, 80
MHz, 160 MHz, etc.). For example, the bandwidth indicator
included in the PPDU 800 may indicate a bandwidth of 80
MHz. For example, if the bandwidth indicator is configured
as binary values ‘00,” ‘01, *10,” or ‘11,” this may respectively
indicate a 20 MHz bandwidth, a 40 MHz bandwidth, a 80
MHz bandwidth, or a 160 MHz bandwidth. In a case that the
frequency band through which the PPDU 800 is transmitted is
non-contiguous, the bandwidth indicator may indicate a
bandwidth of the non-contiguous frequency band. The
UL/DL indicator may indicate whether the transmission of
the PPDU 800 is UL transmission or DL transmission. For
example, the UL/DL indicator included in the HE-SIG-A
field of the PPDU 800 may indicate the DL transmission. For
example, if the UL/DL indicator is configured as a binary
value ‘0’ or ‘1, this may respectively indicate that the trans-
mission of the corresponding PPDU is UL transmission or
DL transmission.

[0080] The OFDM/OFDMA indicator may indicate
whether the transmission of the PPDU is an OFDM based
transmission or an OFDMA based transmission. For
example, the OFDM/OFDMA indicator included in the HE-
SIG-A field of the PPDU 800 may indicate that the transmis-
sion of the PPDU 800 is an OFDM based transmission. For
example, in a case that the OFDM/OFDMA indicator is con-
figured as ‘0’ or ‘1, this may respectively indicate that the
transmission of the PPDU is an OFDM based transmission or
an OFDMA based transmission. In the case that the OFDM/
OFDMA indicator indicates the OFDM based transmission, a
HE-SIG field adjacent to the HE-SIG-A field (e.g., a HE-SIG
field existing between the HE-SIG-A field and the HE-STF)
may not exist in the PPDU 800. The SU/MU indicator may
indicate whether the transmission of the PPDU is SU trans-
mission or MU transmission. For example, in a case that the
PPDU 800 is transmitted based on OFDM or ‘SU-MIMO and
OFDM,;’ the SU/MU indicator may indicate the SU transmis-
sion. Meanwhile, in a case that the PPDU 800 is transmitted
based on ‘MU-MIMO and OFDM,’” the SU/MU indicator
may indicate the MU transmission. For example, in a case that
the SU/MU indicator is configured as ‘0’ or ‘1, this may
respectively indicate that the transmission of the PPDU is SU
transmission or MU transmission. Also, if the SU/MU indi-
cator is configured as ‘1, this may also indicate that the
MU-MIMO is applied to a whole bandwidth of the PPDU
800. When the OFDM/OFDMA indicator indicates the
OFDM based transmission, the SU/MU indicator may exist in
the HE-SIG-A field of the PPDU 800. On the contrary, when
the OFDM/OFDMA indicator indicates the OFDMA based
transmission, the SU/MU indicator may not exist in the HE-
SIG-A field of the PPDU 800.

[0081] The STA identifier may indicate at least one station
receiving the PPDU 800. In the case that the PPDU 800 is
transmitted based on OFDM or ‘SU-MIMO and OFDM,’ an
association identifier (AID) or a partial AID (PAID) may be
used as the STA identifier. In the case that the PPDU 800 is
transmitted based on ‘MU-MIMO and OFDM.,’ a group iden-
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tifier may be used for the STA identifier. Here, the group
identifier may indicate a group including a plurality of sta-
tions. The STA identifier is not restricted to the above
examples. For example, the STA identifier may be jointly
encoded with information included in the HE preamble (e.g.,
the HE-SIG-A field or the HE-SIG-B field).

[0082] The BSS identifier may indicate a BSS to which the
AP transmitting the PPDU 800 belongs. Additionally or alter-
natively, the BSS identifier may be used for a station receiving
the PPDU 800 to identify whether the BSS to which the AP
transmitting the PPDU 800 belongs is a BSS to which the
station receiving the PPDU 800 belongs or an overlapping
BSS. For example, the BSS identifier may be a BSS identifier
(BSSID) or a BSS color.

[0083] Here, the BSS color may include a value indicating
a BSS to which the AP transmitting the PPDU 800 belongs. A
communication entity (e.g., an AP or a STA) may configure a
value as a BSS color representing a BSS to which it belongs.
For example, when the BSS color is represented with three
bits, eight BSSs may be discriminated by using the BSS color
value. The value of the BSS color may be configured as one of
0 to 7 through negotiations among access points, and the
configured BSS color value may be maintained while the
corresponding BSS is existing. Communication entities (e.g.,
an AP or STAs) belonging to the same BSS may have the same
BSS color value. That is, the BSS color values included in
HE-SIG-A fields of PPDUs generated by communication
entities belonging to the same BSS may be configured as the
same value.

[0084] For example, a station having received PPDU 800
may obtain a BSS color value from the HE-SIG-A field of the
PPDU 800, and identify that the BSS to which the AP trans-
mitting the PPDU 800 is identical to the BSS to which it
belongs, when the obtained BSS color value (e.g., 1) is iden-
tical to a BSS color of it (e.g., 1). On the contrary, the station
having received PPDU 800 may identify that the BSS to
which the AP transmitting the PPDU 800 is different from the
BSS to which it belongs, when the obtained BSS color value
(e.g., 2) is different from the BSS color of it (e.g., 1). In this
case, the station may not decode subsequent fields (e.g., fields
subsequent to the HE-SIG-A field or fields subsequent to the
HE preamble), and may operate in doze mode. Also, the
station may transition from the doze mode to an awake mode
after end time of the PPDU 800. The configuration of the BSS
color value is not restricted to the above example. That is, the
BSS color value may be configured in one or a combination of
various manners.

[0085] The N ¢ may indicate the number of space-time
streams. Also, the space-time block coding (STBC) informa-
tion element may indicate dimensionality of an applied
STBC. That is, the number of spatial streams allocated to a
station receiving the PPDU 800 may be indicated by the N¢,¢
and the STBC. In the case that the PPDU 800 is transmitted
based on OFDM, each of the N, and the STBC may be
configured as ‘0,” or each of the N, and the STBC may not
exist in the HE-SIG-A field of the PPDU 800. In the case that
the PPDU 800 is transmitted based on ‘SU-MIMO and
OFDM’ or ‘MU-MIMO and OFDM,’ each of the N ¢, and the
STBC may be configured as a value other than ‘0. In the case
that the PPDU 800 is transmitted based on ‘MU-MIMO and
OFDM;’” each of the N, and the STBC may be configured
for each station.

[0086] The HE-SIG-B field may include modulation and
coding scheme (MCS) information of the payload, length
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information of the payload, etc. The payload may include at
least one data unit. Meanwhile, PPDUs used for the OFDM
based UL transmission, the ‘SU-MIMO and OFDM” based
UL transmission, and the ‘MU-MIMO and OFDM’ based UL
transmission may have the same or similar structures as the
PPDU 800 explained by referring to FIG. 8.

[0087] Re-referring to FIG. 7, the AP may transmit the
PPDU 800 (S710). In the case of the OFDM based DL trans-
mission or the ‘SU-MIMO and OFDM’ based DL transmis-
sion, the AP may transmit the PPDU 800 to a single station. In
the case of the ‘MU-MIMO and OFDM’ based DL transmis-
sion, the AP may transmit the PPDU 800 to a plurality of
stations.

[0088] A STA may obtain the legacy preamble included in
the PPDU 800 received from the AP (S720), and obtain the
HE preamble included in the PPDU 800 (S730). The STA
may identify the transmission bandwidth of the PPDU 800
based on the bandwidth indicator included in the HE-SIG-A
field of the PPDU 800, identify that the transmission of the
PPDU 800 is DL transmission based on the UL/DL indicator
included in the HE-SIG-A field, and identify whether the
transmission of the PPDU 800 is SU transmission or MU
transmission based on the SU/MU indicator included in the
HE-SIG-A field of the PPDU 800. Also, the STA may identify
whether it is a target STA of the PPDU 800 or not based on the
STA identifier included in the HE-SIG-A field, and identify
the BSS to which the AP transmitting the PPDU 800 belongs
based on the BSS identifier included in the HE-SIG-A field.
The STA may identity spatial streams allocated to it based on
the N5 and STBC included in the HE-SIG-A field of the
PPDU 800.

[0089] Also, the STA may identify a MCS of the payload
based on the MCS information included in the HE-SIG-B
field of the PPDU 800, and identify the length of the payload
based on the length information included in the HE-SIG-B
field. The STA may obtain the payload of the PPDU 800
based on the information included in the HE preamble, etc.
(S740). Upon successfully receiving the PPDU 800, in
response to the PPDU 800, the STA may transmit an acknowl-
edgement (ACK) frame to the AP.

[0090] Hereinafter, the OFDMA based DL transmission
method, the ‘SU-MIMO and OFDMA’ based DL transmis-
sion method, and the ‘“MIU-MIMO and OFDMA’ based DL
transmission method will be explained.

[0091] Re-referring to FIG. 7, the AP may perform the
OFDMA based DL transmission, the ‘SU-MIMO and
OFDMA’ based DL transmission, and the ‘MU-MIMO and
OFDMA’ based DL transmission, etc., and the STAs may
perform operations corresponding to the operation of the AP.
The AP may generate a PPDU (S700). The PPDU may have
structures which will be explained below. The structure of the
PPDU is not restricted to the below examples. That is, the
PPDU may have one of various structures.

[0092] FIG. 9 is a block diagram illustrating a second
exemplary embodiment and a third exemplary embodiment
of'a PPDU.

[0093] Referring to FIG. 9, each of PPDUs 910 and 920
may include a legacy preamble, a HE preamble, and a pay-
load. The legacy preamble may include aL.-STF, a L-LTF, and
a L-SIG field. In a case that a transmission bandwidth of each
of the PPDUs 910 and 920 is 80 MHz, fields included in the
legacy preamble may be duplicated in unit of 20 MHz. The
HE preamble may include a HE-SIG-A field, a HE-SIG-B
field, a HE-STF, a HE-LTF, and a HE signal C (HE-SIG-C)
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field. The fields included in the HE preamble are not restricted
to the above example, and the HE preamble may be con-
structed in various manners. For example, the HE preamble
may be constituted with a HE-SIG-A field, a HE-SIG-B field,
a HE-STF, and a HE-LTE

[0094] In the case that the transmission bandwidth of the
PPDU 910 is 80 MHz, the HE-SIG-A field and the HE-SIG-B
field may be duplicated in unit of 20 MHz, and the HE-STF
and the HE-LTF may be transmitted through the bandwidth of
80 MHz. In the case that the transmission bandwidth of the
PPDU 920 is 80 MHz, the HE-SIG-A field may be duplicated
in unit of 20 MHz, and the HE-SIG-B field, the HE-STF, and
the HE-LTF may be transmitted through the bandwidth of 80
MHz. Here, the HE-SIG-B field may be repeated in time
domain at least once. In this case, a signal-to-noise ratio
(SNR) of the HE-SIG-B field at a receiving end may increase.
In the case that the HE-SIG-B field is repeated, this may be
indicated by a repetition indicator included in the HE-SIG-A
field. The HE-SIG-A field may include at least one of infor-
mation elements listed in a below table 2.

TABLE 2

Information Elements

Bandwidth indicator

UL/DL indicator

OFDM/OFDMA indicator

STA identifier

BSS identifier

Resource allocation structure indicator
STA number indicator

Symbol indicator

MCS indicator

[0095] Each of the bandwidth indicator, the UL/DL indica-
tor, the OFDM/OFDMA indicator, the STA identifier, and the
BSS identifier may be identical to the corresponding infor-
mation element explained by referring to the table 1. For
example, the bandwidth indicator may indicate the bandwidth
of 80 MHz, the UL/DL indicator may indicate the DL trans-
mission, and the OFDM/OFDMA indicator may indicate the
OFDMA transmission. Also, a group identifier may be used
as the STA identifier.

[0096] Also, the HE-SIG-A field may further include a
repetition indicator representing whether the HE-SIG-B field
subsequent to the HE-SIG-A field is repeated or not. For
example, the repetition indicator may be configured as ‘0’ or
‘1°, and this may respectively indicate that the HE-SIG-B
field is not repeated or the HE-SIG-B field is repeated.
[0097] The resource allocation structure indicator may
indicate the size of resource (e.g., time resource, frequency
resource, spatial stream, etc.) allocated to a station receiving
the PPDU 910 or 920. For example, the resource allocation
structure indicator may indicate the minimum size of
resource allocated to the receiving station. The STA number
indicator may indicate the number of STAs receiving the
PPDU 910 or 920 (i.e., the number of STAs participating in
the MU transmission). The symbol number indicator may
indicate the number of symbols of the HE-SIG-B field sub-
sequent to the HE-SIG-A field (e.g., the size of the HE-SIG-B
field).

[0098] On the other hand, the HE-SIG-B field may include
resource allocation information, and the resource allocation
information may include at least one of time resource alloca-
tion information, frequency resource allocation information,
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and spatial resource information for each receiving station.
The number of symbols of the HE-SIG-B field may vary
according to the amount of information (e.g., resource allo-
cation information, etc.) included in the HE-SIG-B field. In
this case, the number of symbols of the HE-SIG-B field may
be indicated by using at least one of the bandwidth indicator,
the resource allocation structure indicator, the station number
indicator, and the symbol number indicator. As the first
method, the number of symbols of the HE-SIG-B field may be
predetermined according to the transmission bandwidth of
the PPDU 910 or 920, and the station receiving the PPDU 910
or 920 may identify the number of symbols of the HE-SIG-B
field based on the bandwidth indicator included in the HE-
SIG-A field. For example, the number of symbols of the
HE-SIG-B field may be proportional to the size of the trans-
mission bandwidth of the PPDU 910 or 920.

[0099] As the second method, the number of symbols of the
HE-SIG-B field may be predetermined according to the trans-
mission bandwidth and the resource allocation structure of
the PPDU 910 or 920, and the station receiving the PPDU 910
or 920 may identify the number of symbols of the HE-SIG-B
field based on the transmission bandwidth and the resource
allocation structure of the PPDU 910 or 920. For example, in
a case that the PPDU 910 or 920 has a relatively wide trans-
mission bandwidth and a large amount of resource is allo-
cated to the station, the size of the resource allocation infor-
mation included in the HE-SIG-B field may be small. In this
case, the number of symbols of the HE-SIG-B field may be
indicated in consideration of the resource allocation structure
as well as the transmission bandwidth of the PPDU 910 or
920.

[0100] As the third method, the number of symbols of the
HE-SIG-B field may be predetermined according to the num-
ber of stations receiving the PPDU 910 or 920, and the station
receiving the PPDU 910 or 920 may identify the number of
symbols of the HE-SIG-B field based on the station number
indicator. For example, the number of symbols of the HE-
SIG-B field may be proportional to the number of receiving
stations indicated by the station number indicator. Alterna-
tively, the number of stations receiving the PPDU 910 or 920
may be estimated based on the transmission bandwidth and
the resource allocation structure of the PPDU 910 or 920
instead of the station number indicator. As the fourth method,
the number of symbols of the HE-SIG-B field may be explic-
itly indicated by the symbol number indicator. The station
receiving the PPDU 910 or 920 may identify the number of
symbols of the HE-SIG-B field based on the symbol number
indicator. The method for indicating the number of symbols
of the HE-SIG-B field is not restricted to the above-described
exemplary methods, and the number of symbols of the HE-
SIG-B field may be indicated in one or a combination of
various manners.

[0101] Meanwhile, the MCS of the HE-SIG-B field may
vary according to the amount of information (e.g., resource
allocation information, etc.) included in the HE-SIG-B field,
and the MCS indicator for indicating the MCS applied to the
HE-SIG-B field (or, fields subsequent to the HE-SIG-A field)
may be included in the HE-SIG-A field. For example, the
MCS indicator may include 1 bit information. The MCS
applied to the HE-SIG-A field (e.g., ‘MCS 0’) may be differ-
ent from that applied to the HE-SIG-B field (e.g., ‘MCS 1°).
For example, the MCS indicator configured as ‘0’ may indi-
cate the ‘MCS 0, and the MCS indicator configured as ‘1’
may indicate the ‘MCS 1°. For another example, the MCS
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indicator may include 3 bits information. For example, the
MCS indicator configured as ‘000, ‘001,” “‘010,” ‘011, <100,
‘101, <110, or “111° may respectively indicate ‘MCS 0,
‘MCS 1, “MCS 2, ‘MCS 3, ‘MCS 4, ‘MCS 5, ‘MCS 6, or
‘MCS 7. Here, the MCS of the HE-SIG-B field may be set in
reference to the link having the poorest quality among links
between the AP and the respective receiving stations. The
method for indicating the MCS of the HE-SIG-B field is not
restricted to the above-described exemplary methods, and the
MCS of the HE-SIG-B field may be indicated in one or a
combination of various manners.

[0102] The HE-SIG-B field may include resource alloca-
tion information, subband information, cyclic prefix (CP)
length information, subcarrier spacing information, FFT/
IFFT structure indicator, etc. The resource allocation infor-
mation may include at least one of time resource allocation
information, frequency resource allocation information, and
spatial stream allocation information. The resource allocation
information may be configured for each station or for each
subband (e.g., for each frequency band having 20 MHz band-
width). The time resource allocation information may include
information on a time resource allocated to a group indicated
by the STA identifier (i.e., a group identifier) of the HE-
SIG-A field and information on a time resource allocated to
each station belonging to the group. The frequency resource
allocation information may include information on a fre-
quency resource allocated to the group indicated by the STA
identifier and information on a frequency resource allocated
to each station belonging to the group. The spatial stream
allocation information may include information on spatial
streams allocated to the group indicated by the STA identifier
and information on spatial streams allocated to each station
belonging to the group. Here, the spatial streams may be
indicated by using the STBC and the Ng. Therefore, the
information on spatial streams may include STBC and Ny .«
for each station (or, each group).

[0103] The subband information may include information
(e.g., restriction information) which is common for respective
subbands (e.g., a frequency band having 20 MHz bandwidth).
For example, the resource allocation information which is
common for respective subbands may exist redundantly in the
resource allocation information, or may exist as integrated in
the resource allocation information. In a case that the same
number of spatial streams (e.g., 2) are allocated to respective
subbands, the subband information may indicate that the
number of spatial streams allocated to respective subbands is
2.

[0104] The CP length indicator may indicate the length of
CPs of fields subsequent to the HE-SIG-B field (e.g., the
HE-STF, the HE-LTF, the HE-SIG-C field, the payload, etc.).
The length of CP may be 0.4 us, 0.8 ps, 1.6 us, or 3.2 us. The
CP length indicator may explicitly indicate the length of CP.
Alternatively, the CP length indicator may indicate the length
of CP by using 2 bits information. For example, the CP length
indicator configured as ‘00,” ‘01,” ‘10, or ‘11 may respec-
tively indicate that the CP has the length 0f 0.4 ps, 0.8 ps, 1.6
us, or 3.2 ps.

[0105] The subcarrier spacing indicator may indicate sub-
carrier spacing of fields subsequent to the HE-SIG-B field
(e.g., the HE-STF, the HE-LTF, the HE-SIG-C field, the pay-
load, etc.). The subcarrier spacing may be 312.5 kHz, 156.25
kHz, or 78.125 kHz. The subcarrier spacing indicator may
explicitly indicate the subcarrier spacing applied to the fields.
Alternatively, the subcarrier spacing indicator may indicate
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the subcarrier spacing by using 2 bits information. For
example, the subcarrier spacing indicator configured as ‘00,’
‘01, or ‘10’ may respectively indicate the subcarrier spacing
of 312.5 kHz, 156.25 kHz, or 78.125 kHz.

[0106] The FFT/IFFT structure indicator may indicate the
size of FF'T/IFFT used for fields subsequent to the HE-SIG-B
field (e.g., the HE-STF, the HE-LTF, the HE-SIG-C field, the
payload, etc.). For example, the size of FFT/IFFT may be
32-points, 62-points, 128-points, or 256-points. The FFT/
IFFT structure indicator may explicitly indicate the size of
FFT/IFFT. Alternatively, the FFT/IFFT structure indicator
may indicate the size of FF'T/IFFT by using 2 bits informa-
tion. For example, the FFT/IFFT structure indicator config-
ured as ‘00, ‘01.” ‘10, or ‘11’ may respectively indicate the
FFT/IFFT having the size of32-points, 62-points, 128-points,
or 256-points.

[0107] The HE-SIG-C field may include MCS information,
length information, etc. of the payload. The payload may
include at least one data unit. The HE-SIG-C field and the
payload may be configured in unit of bandwidth (e.g., 20
MHz, 10 MHz, 5 MHz, 2.5 MHz, etc.) indicated by the
resource allocation information included in the HE-SIG-B
field. Meanwhile, the PPDU based on ‘MIMO and OFDMA’
may be structured as follows.

[0108] FIG. 10 is a block diagram illustrating a fourth
exemplary embodiment of a PPDU.

[0109] Referring to FIG. 10, a PPDU-1 1000-1 transmitted
through a first frequency band having 20 MHz bandwidth
may be transmitted based on ‘SU-MIMO and OFDMA.” For
example, the L-STF, the L-LTF, the L-SIG field, the HE-
SIG-A field, the HE-SIG-B field, the HE-STF, and the HE-
LTF of the PPDU-1 1000-1 may be transmitted through four
spatial steams. The HE-SIG-C field and the payload allocated
to an upper 10 MHz band of the first frequency band may be
transmitted to a first STA 610 through two spatial streams, the
HE-SIG-C field and the payload allocated to a medium 5
MHz band of the first frequency band may be transmitted to a
second STA 620 through a single spatial stream, and the
HE-SIG-C field and the payload allocated to a lower 5 MHz
band of the first frequency band may be transmitted to a third
STS 630 through four spatial streams.

[0110] A PPDU-2 1000-2 transmitted through a second
frequency band having 20 MHz bandwidth may be transmit-
ted based on ‘MU-MIMO and OFDMA.’ For example, the
L-STF, the L-LTF, the L-SIG field, the HE-SIG-A field, the
HE-SIG-B field, the HE-STF, and the HE-LTF of the PPDU-2
1000-2 may be transmitted through four spatial steams. The
HE-SIG-C field and the payload for the first STA 610 may be
transmitted through two spatial streams, the HE-SIG-C field
and the payload for the second STA 620 may be transmitted
through a single spatial stream, and the HE-SIG-C field and
the payload for the third STA 630 may be transmitted a single
spatial stream.

[0111] Re-referring to FIG. 7, the AP may transmit the
PPDU 910, 920, 1000-1, or 1000-2 (S710). The STA may
obtain the legacy preamble included in the PPDU received
from the AP (S720), and obtain the HE preamble included in
the received PPDU (S730). The STAs may identify the trans-
mission bandwidth of the received PPDU based on the band-
width indicator included in the HE-SIG-A field, identify that
the transmission of the received PPDU is the DL transmission
based on the UL/DL indicator included in the HE-SIG-A
field, and identify that the transmission of the received PPDU
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is the OFDMA based transmission based on the OFDM/
OFDMA indicator included in the HE-SIG-A field.

[0112] The STA may identify whether it is a target station of
the received PPDU or not based on the STA identifier (or, the
group identifier) included in the HE-SIG-A field of the
received PPDU, and identify a BSS to which the AP trans-
mitting the PPDU belongs based on the BSS identifier
included in the HE-SIG-A field. Also, the STA may identify
the number of symbols of the HE-SIG-B field subsequent to
the HE-SIG-A field by using at least one of the bandwidth
indicator, the resource allocation structure indicator, the sta-
tion number indicator, and the symbol number indicator
included in the HE-SIG-A field. The STA may identify the
MCS of the HE-SIG-B field subsequent to the HE-SIG-A
field (or, fields subsequent to the HE-SIG-A field) based on
the MCS indicator included in the HE-SIG-A field, and iden-
tify whether the HE-SIG-B field is repeated or not based on
the repetition indicator included in the HE-SIG-A field.
[0113] The STA may obtain the HE-SIG-B field based on
information included in the HE-SIG-A field of the PPDU.
The STA may identify a time resource, a frequency resource,
spatial streams, etc. allocated to it based on the resource
allocation information included in the HE-SIG-B field of the
PPDU. Also, the STA may identify the length of CP applied to
fields subsequent to the HE-SIG-B field (e.g., the HE-STF,
the HE-LTF, the HE-SIG-C field, the payload, etc.) based on
the CP length indicator included in the HE-SIG-B field, iden-
tify the subcarrier spacing applied to the fields subsequent to
the HE-SIG-B field (e.g., the HE-STF, the HE-LTF, the HE-
SIG-C field, the payload, etc.) based on the subcarrier spacing
information included in the HE-SIG-B field, and identify the
size of FF'T/IFFT used for fields subsequent to the HE-SIG-B
field (e.g., the HE-STF, the HE-LTF, the HE-SIG-C field, the
payload, etc.) based on the FFT/IFFT structure indicator
included in the HE-SIG-B field.

[0114] The STA may obtain the HE-STF, the HE-LTF, and
the HE-SIG-C field based on the information included in the
HE-SIG-B field of the PPDU. The STA may identify the MCS
applied to the payload based on the MCS information
included in the HE-SIG-C field of the PPDU, and identify the
length of the payload based on the length information
included in the HE-SIG-C field. The STA may obtain the
payload based on the information included in the HE-SIG-A
field, the HE-SIG-B field, and the HE-SIG-C field (S740).
Upon receiving the PPDU 910, 920, 1000-1, or 1000-2 suc-
cessfully, the STA may transmit an ACK frame to the AP as a
response to the received PPDU.

[0115] Hereinafter, an uplink transmission method based
on OFDMA will be explained.

[0116] FIG. 11 isasequence chartillustrating an exemplary
embodiment of an uplink transmission method in WLAN.
[0117] Referringto FIG. 11, the AP may be the access point
explained by referring to FIG. 6, and the STAs may be the
stations 610, 620, 630, and 640 explained by referring to FIG.
6. The AP and the STAs may construct the WLAN topology
explained in FIG. 6. The AP may generated a trigger frame for
triggering an uplink transmission based on OFDMA (S1100).
The trigger frame may include the information (e.g., the
resource allocation information, the subband information, the
CP length indicator, the subcarrier spacing indicator, the FFT/
IFFT structure indicator, etc.) included in the HE-SIG-A
field, the HE-SIG-B field, and the HE-SIG-C field explained
by referring to FIG. 9. The AP may transmit the trigger frame
(S1110).
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[0118] The STA may receive the trigger frame from the AP,
and identify whether it participates the uplink MU transmis-
sion or not based on the information included in the trigger
frame. When the STA identifies that it participates the uplink
transmission based OFDMA, the STA may further identify a
resource allocated to it based on the information included in
the trigger frame. Also, the STA may generate a PPDU based
on the allocated resource (S1120). Then, the first STA 610,
the second STA 620, and the third STA 630 may participate in
the uplink transmission based on OFDMA. For example, in a
case that bandwidths 40 MHz, 20 MHz, and 20 MHz are
respectively allocated to the stations 610, 620, and 630 par-
ticipating in the uplink transmission, the stations 610, 620,
and 630 may generate respective PPDUs as follows.
[0119] FIG. 12 is a block diagram illustrating a fifth exem-
plary embodiment of a PPDU.
[0120] Referring to FIG. 12, the first STA 610, the second
STA 620, and the third STA 630 may respectively generate a
PPDU-1 1200-1, a PPDU-2 1200-2, and a PPDU-3 1200-3.
The PPDUs 1200-1, 1200-2, and 1200-3 may be transmitted
through a same frequency band having 80 MHz bandwidth.
Each of the PPDUs 1200-1, 1200-2, and 1200-3 may include
a legacy preamble, a HE preamble, and a payload. The legacy
preamble may include a L-STF, a L-LTF, and a L-SIG field,
and the fields included in the legacy preamble may be dupli-
cated in unit of 20 MHz. The HE preamble may include a
HE-SIG-A field, a HE-STF, a HE-LTF, and a HE-SIG-B field.
The HE-SIG-A field may include the information elements
listed in the table 1, and the HE-SIG-B field may include the
information explained in FIG. 8 (e.g., MCS of payload, pay-
load length information, etc.).
[0121] The legacy preamble and the HE-SIG-A field may
be transmitted through a whole frequency band having 80
MHz bandwidth, and the HE-STF, the HE-LTF, the
HE-SIG-B field, and the payload may be transmitted through
respective bands allocated to the respective stations 610, 620,
and 630. For example, the first STA 610 may transmit its
HE-STF, HE-LTF, HE-SIG-B field, and payload by using a 40
MHz bandwidth, the second STA 620 may transmit its HE-
STF, HE-LTF, HE-SIG-B field, and payload by using a 20
MHz bandwidth, and the third STA 630 may transmit its
HE-STF, HE-LTF, HE-SIG-B field, and payload by using a 20
MHz bandwidth.
[0122] Re-referring to FIG. 11, the STAs may transmit the
PPDUs 1200-1, 1200-2, and 1200-3 to the AP (S1130). The
AP may receive the PPDUs 1200-1, 1200-2, and 1200-3 from
the STAs, and obtain the payloads included in the PPDUs
1200-1, 1200-2, and 1200-3. When the AP successfully
receives the PPDUs 1200-1, 1200-2, and 1200-3, the AP may
respectively transmit ACK frames as responses to the PPDUs
1200-1, 1200-2, and 1200-3 to the respective STAs.
[0123] While the example embodiments of the present dis-
closure and their advantages have been described in detail, it
should be understood that various changes, substitutions and
alterations may be made herein without departing from the
scope of the disclosure.

What is claimed is:

1. An operation method of a first station in a wireless local
area network (WLAN), the method comprising:

generating a physical layer convergence procedure (PLCP)

protocol data unit (PPDU) including a legacy preamble,
a high efficiency (HE) preamble, and a payload; and
transmitting the PPDU,
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wherein the HE preamble includes a HE signal A (HE-SIG-
A) field, a HE signal B (HE-SIG-B) field, a HE short
training field (HE-STF), and a HE long training field
(HE-LTF), and the HE-SIG-A field includes information
indicating a number of symbols of the HE-SIG-B field.
2. The method according to claim 1, wherein the number of
symbols of the HE-SIG-B field is indicated based on trans-
mission bandwidth information of the PPDU included in the
HE-SIG-A field.
3. The method according to claim 1, wherein the number of
symbols of the HE-SIG-B field is indicated based on trans-
mission bandwidth information of the PPDU and information
onasize of resource allocated to a station receiving the PPDU
included in the HE-SIG-A field.
4. The method according to claim 1, wherein the number of
symbols of the HE-SIG-B field is indicated based information
on a number of stations receiving the PPDU included in the
HE-SIG-A field.
5. The method according to claim 1, wherein the HE-
SIG-A field further includes information indicating a modu-
lation and coding scheme (MCS) applied to the HE-SIG-B
field.
6. The method according to claim 1, wherein the HE-
SIG-B field is repeated in time domain.
7. The method according to claim 1, wherein the HE-
SIG-B field includes resource allocation information of a
station receiving the PPDU.
8. An operation method of a first station in a wireless local
area network, the method comprising:
obtaining a legacy preamble included in a physical layer
convergence procedure (PLCP) protocol data unit
(PPDU) received from a second station;

obtaining a high efficiency (HE) preamble included in the
PPDU; and

obtaining a payload included in the PPDU based on infor-

mation included in the HE preamble,

wherein the HE preamble includes a HE signal A (HE-SIG-

A) field, a HE signal B (HE-SIG-B) field, a HE short
training field (HE-STF), and a HE long training field
(HE-LTF), and the HE-SIG-A field includes information
indicating a number of symbols of the HE-SIG-B field.

9. The method according to claim 8, wherein the number of
symbols of the HE-SIG-B field is indicated based on trans-
mission bandwidth information of the PPDU included in the
HE-SIG-A field.

10. The method according to claim 8, wherein the number
of'symbols of the HE-SIG-B field is indicated based on trans-
mission bandwidth information of the PPDU and information
on asize of resource allocated to a station receiving the PPDU
included in the HE-SIG-A field.

11. The method according to claim 8, wherein the number
of symbols of the HE-SIG-B field is indicated based infor-
mation on a number of stations receiving the PPDU included
in the HE-SIG-A field.

12. The method according to claim 8, wherein the HE-
SIG-A field further includes information indicating a modu-
lation and coding scheme (MCS) applied to the HE-SIG-B
field.

13. The method according to claim 8, wherein the HE-
SIG-B field is repeated in time domain.

14. The method according to claim 8, wherein the HE-
SIG-B field includes resource allocation information of a
station receiving the PPDU.

* #* #* #* *
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