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3210
/

GENERATING A FIRST FRAME FOR ALLOCATING RESOURCES TO A
PLURALITY OF STATIONS, WHEREIN THE FIRST FRAME CONTAINS AN
INDICATION AS TO WHETHER AT LEAST ONE OF A SET OF RESOURCE

UNITS OF A PLURALITY OF RESOURCE UNITS IS ALLOCATED TO AT

LEAST ONE STATION OF THE PLURALITY OF STATIONS

TRANSMITTING THE FIRST FRAME TO THE PLURALITY OF STATIONS

FIG. 32A
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3220
/

RECEIVING, AT A FIRST STATION, A FIRST FRAME FROM A SECOND
STATION FOR ALLOCATING RESOURCES TO A PLURALITY OF STATIONS

DETERMINING, BASED ON AN INDICATION CONTAINED IN THE FIRST
FRAME, WHETHER AT LEAST ONE OF A SET OF RESCURCE UNITS OF A
PLURALITY OF RESCURCE UNITS IS ALLOCATED TO THE FIRST STATION,
WHEREIN AT LEAST ONE OF A FIRST HE-SIG-B FIELD OF THE FIRST
FRAME OR A SECOND HE-SIG-B FIELD OF THE FIRST FRAME INCLUDES A
STATION SPECIFIC FIELD ASSOCIATED WITH THE AT LEAST ONE OF THE
SET OF RESQURCE UNITS OF THE PLURALITY OF RESOURCE UNITS
WHEN THE AT LEAST ONE OF THE SET OF RESOURCE UNITS IS
ALLOCATED

TRANSMITTING A SECOND FRAME USING THE AT LEAST ONE OF THE SET
OF RESQURCE UNITS WHEN THE AT LEAST ONE OF THE SET OF
RESOURCE UNITS 1S ALLOCATED TO THE FIRST STATION

FIG. 32B

32
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3230
/

RECEIVING A FIRST FRAME FOR ALLOCATING RESOURCES TO A
PLURALITY OF STATIONS

DETERMINING, BASED ON AN INDICATION CONTAINED IN THE FIRST
FRAME, WHETHER AT LEAST ONE OF A SET OF RESOURCE UNITS OF A
PLURALITY OF RESOURCE UNITS 15 ALLOCATED TO A STATION

TRANSMITTING A SECOND FRAME USING ONE OR MORE OF THE
PLURALITY OF RESOURCE UNITS BASED ON THE FIRST FRAME

FIG. 32C
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CONTROL INFORMATION FOR
MULTI-USER TRANSMISSIONS IN WLAN
SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority from
U.S. Provisional Application No. 62/202,756, entitled
“CONTROL INFORMATION OF MU (OFDMA AND
MU-MIMO) IN SIG-B FOR 11AX,” filed Aug. 7, 2015;
U.S. Provisional Application No. 62/202,758, entitled
“FREQUENCY REPETITION FOR RANGE EXTENSION
IN 11AX,” filed Aug. 7, 2015; U.S. Provisional Application
No. 62/234,567, entitled “METHOD OF SIGNALING
CONTROL INFORMATION FOR MULTI-USER TRANS-
MISSIONS IN 802.11AX,” filed Sep. 29, 2015; and U.S.
Provisional Application No. 62/347,021, entitled “FRE-
QUENCY REPETITION FOR RANGE EXTENSION IN
11AX,” filed Jun. 7, 2016, all of which are incorporated
herein by reference in their entirety.

TECHNICAL FIELD

[0002] The present description relates in general to wire-
less communication systems and methods, and more par-
ticularly to, for example, without limitation, control infor-
mation for multi-user transmissions in wireless local area
network (WLAN) systems.

BACKGROUND

[0003] Wireless local area network (WLLAN) devices are
deployed in diverse environments. These environments are
generally characterized by the existence of access points and
non-access point stations. Increased interference from
neighboring devices gives rise to performance degradation.
Additionally, WLAN devices are increasingly required to
support a variety of applications such as video, cloud access,
and offloading. In particular, video traffic is expected to be
the dominant type of traffic in many high efficiency WLAN
deployments. With the real-time requirements of some of
these applications, WLAN users demand improved perfor-
mance in delivering their applications, including improved
power consumption for battery-operated devices.

[0004] The description provided in the background section
should not be assumed to be prior art merely because it is
mentioned in or associated with the background section. The
background section may include information that describes
one or more aspects of the subject technology.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 illustrates a schematic diagram of an
example of a wireless communication network.

[0006] FIG. 2 illustrates a schematic diagram of an
example of a wireless communication device.

[0007] FIG. 3A illustrates a schematic block diagram of an
example of a transmitting signal processor in a wireless
communication device.

[0008] FIG. 3B illustrates a schematic block diagram of an
example of a receiving signal processor in a wireless com-
munication device.

[0009] FIG. 4 illustrates an example of a timing diagram
of interframe space (IFS) relationships.

[0010] FIG. 5 illustrates an example of a timing diagram
of a carrier sense multiple access/collision avoidance
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(CSMA/CA) based frame transmission procedure for avoid-
ing collision between frames in a channel.

[0011] FIG. 6 illustrates an example of a high efficiency
(HE) frame.
[0012] FIG. 7 illustrates examples of transmission signal

formats that may be available for signal transmission.
[0013] FIGS. 8A, 8B, and 8C illustrate an example numer-
ology for a 20 MHz channel bandwidth, a 40 MHz channel
bandwidth, and an 80 MHz channel bandwidth, respectively.
[0014] FIG. 9 illustrates an example of a high efficiency
signal-B field (HE-SIG-B) field.

[0015] FIG. 10 illustrates examples of a coding structure
of an HE-SIG-B field for 40 MHz, 80 MHz, and 160 MHz
channel bandwidth.

[0016] FIGS. 11A, 11B, 11C, and 11D illustrate examples
of an HE-SIG-B mapping for a 20 MHz, 40 MHz, an 80
MHz, and a 160 MHz bandwidth, respectively.

[0017] FIGS. 12 and 13 illustrate examples of an HE-
SIG-B field.

[0018] FIG. 14 illustrates an example of an 80 MHz
numerology.

[0019] FIG. 15 illustrates an example of a coding structure
for an HE-SIG-B field for a 40 MHz, 80 MHz, and 160 MHz
channel bandwidth.

[0020] FIGS. 16 and 17 illustrate examples of an HE-
SIG-B field including a subfield associated with a special 26
resource unit.

[0021] FIG. 18 illustrates an example of an HE-SIG-B
field encoded as binary convolutional code (BCC) blocks.
[0022] FIGS. 19A and 19B illustrate examples of an
HE-SIG-B field.

[0023] FIG. 20 illustrates an example of an HE-SIG-B
field in which the special 26 resource unit may be mapped
to a different orthogonal frequency division multiplexing
(OFDM) symbol.

[0024] FIG. 21 illustrates an example of an HE-SIG-B
field in which the special 26 resource unit is mapped to a
different OFDM symbol.

[0025] FIG. 22 illustrates an example of an HE-SIG-B
field in which the special 26 resource unit is mapped to a
compressed OFDM symbol.

[0026] FIG. 23 illustrates an example in which two iden-
tical 26-tone resource units are paired.

[0027] FIG. 24 illustrates an example in which two iden-
tical 52-tone resource units are paired.

[0028] FIG. 25A illustrates an example in a non-continu-
ous RU that includes two duplicated half-tone resource units
may be assigned for a station in otthogonal frequency
division multiple access (OFDMA).

[0029] FIG. 25B illustrates an example in a non-continu-
ous RU that includes two duplicated resource units may be
assigned for a station in OFDMA.

[0030] FIG. 26 illustrates an example of a transmitted
physical layer convergence procedure (PL.CP) protocol data
unit (PPDU) signal structure.

[0031] FIG. 27 illustrates an example of a frequency
domain representation of a data field portion of a PPDU for
the example of repeated 106 resource unit transmission in 20
MHz PPDU.

[0032] FIGS. 28, 29, and 30 illustrate examples of a
frequency domain representation of a data field portion of a
PPDU for the example of repeated 52 resource unit trans-
mission in 20 MHz PPDU.
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[0033] FIG. 31 illustrates an example of a symmetric
mapping of signals,

[0034] FIGS. 32A, 32B, and 32C illustrate flow charts of
examples of methods for facilitating wireless communica-
tion for uplink transmission.

[0035] In one or more implementations, not all of the
depicted components in each figure may be required, and
one or more implementations may include additional com-
ponents not shown in a figure. Variations in the arrangement
and type of the components may be made without departing
from the scope of the subject disclosure. Additional com-
ponents, different components, or fewer components may be
utilized within the scope of the subject disclosure.

DETAILED DESCRIPTION

[0036] The detailed description set forth below is intended
as a description of various implementations and is not
intended to represent the only implementations in which the
subject technology may be practiced. As those skilled in the
art would realize, the described implementations may be
modified in various different ways, all without departing
from the scope of the present disclosure. Accordingly, the
drawings and description are to be regarded as illustrative in
nature and not restrictive.

[0037] The Institute of Electrical and Electronics Engi-
neers (IEEE) 802.11, Task Group ax, provides a new gen-
eration of wireless local area network (WLAN). In an
aspect, IEEE 802.11ax may be referred to as high efficiency
(HE) WLAN (HEW) or simply HE. In one or more imple-
mentations, the subject technology may be utilized in IEEE
systems, such as HEW-based systems. Several technologies
and structures are provided in the WEE 802.11ax to facilitate
wireless communication. In an aspect, such technologies
and/or structures may allow support of reasonable outdoor
performance.

[0038] The IEEE 802.11ax introduces the use of orthogo-
nal frequency division multiple access (OFDMA) in
WLAN. In an aspect, OFDMA can improve the physical
layer (PHY) efficiency in cases with user frequency multi-
plexing gain. In OFDMA resource units (RUs) form build-
ing blocks that may be assigned to stations (STAs) for
communication with an access point (AP). In an aspect, the
AP includes a scheduler that can assign one or more resource
units to each station participating in the OFDMA-based
communication. An amount of control information (e.g.,
provided by the AP to STA, and/or vice versa) may be
different depending on the types of technologies/structures
applicable to the resource units assigned for each STA. In
one or more implementations, the subject technology pro-
vides an HE signal B (e.g., HE-SIG-B) encoding structure.
In an aspect, HE-SIG-B may be referred to as HE-SIG-B
field, SIG-B, SIG-B field, or variant thereof. In an aspect, a
station may be referred to as a user.

[0039] In an aspect, a subfield may be utilized to indicate
a type of station specific information in a type subfield. The
subfield may provide information that may be utilized to
help determine the size (e.g., number of symbols) of each
STA specific information for assigned STAs and an entire
length of HE-SIG-B field. In an aspect, the type subfield may
help support different combination of subfields depending
on STA type (e.g., single-user (SU) type, multi-user (MU)
type, etc.),

[0040] In some cases, duplicated orthogonal frequency
division multiplexing (OFDM) symbol in the time domain
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may be utilized to extend a range of a legacy signal (L-SIG)
in an HE preamble. In one or more aspects, in order to
extend the range of a data portion (e.g., high efficiency data),
RU repetition in the frequency domain may be helpful for
the same purpose as extending the range of the L-SIG. For
instance, without payload available for outdoor circum-
stance, the large range (e.g., extended range) of the L-SIG
(e.g., due to the duplication) in the preamble may be
meaningless.

[0041] In an aspect, duplicated resource unit(s) in the
frequency domain in OFDMA may be helpful in allowing
robust communication for outdoor circumstances. The
duplicated RUs, which may be contiguous or non-contigu-
ous RUs, may be repeated and assigned for STAs in
OFDMA. For instance, data information for a STA is
mapped to an RU and repeated (e.g., in the frequency
domain) in one or more other RUs.

[0042] FIG. 1 illustrates a schematic diagram of an
example of a wireless communication network 100. In the
wireless communication network 100, such as a wireless
local area network (WLAN), a basic service set (BSS)
includes a plurality of wireless communication devices (e.g.,
WLAN devices). In one aspect, a BSS refers to a set of STAs
that can communicate in synchronization, rather than a
concept indicating a particular area. In the example, the
wireless communication network 100 includes wireless
communication devices 111-115, which may be referred to
as stations (STAs).

[0043] Each of the wireless communication devices 111-
115 may include a media access control (MAC) layer and a
physical (PHY) layer according to an IEEE 802.11 standard.
In the example, at least one wireless communication device
(e.g., device 111) is an access point (AP). An AP may be
referred to as an AP STA, an AP device, or a central station.
The other wireless communication devices devices 112-115)
may be non-AP STAs. Alternatively, all of the wireless
communication devices 111-115 may be non-AP STAs in an
Ad-hoc networking environment.

[0044] An AP STA and a non-AP STA may be collectively
called STAs. However, for simplicity of description, in some
aspects, only a non-AP STA may be referred to as a STA. An
AP may be, for example, a centralized controller, a base
station (BS), a node-B, a base transceiver system (BTS), a
site controller, a network adapter, a network interface card
(NIC), a router, or the like. A non-AP STA (e.g., a client
device operable by a user) may be, for example, a device
with wireless communication capability, a terminal, a wire-
less transmit/receive unit (WTRU), a user equipment (UE),
a mobile station (MS), a mobile terminal, a mobile sub-
scriber unit, a laptop, a non-mobile computing device a
desktop computer with wireless communication capability)
or the like. In one or more aspects, a non-AP STA may act
as an AP (e.g., a wireless hotspot).

[0045] In one aspect, an AP is a functional entity for
providing access to a distribution system, by way of a
wireless medium, for an associated STA. For example, an
AP may provide access to the interne(for one or more STAs
that are wirelessly and communicatively connected to the
AR In FIG. 1, wireless communications between non-AP
STAs are made by way of an AR However, when a direct
link is established between non-AP STAs, the STAs can
communicate directly with each other without using an AP).
[0046] In one or more implementations, OFDMA-based
802.11 technologies are utilized, and for the sake of brevity,
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a STA refers to a non-AP high efficiency (HE) STA, and an
AP refers to an HE AR In one or more aspects, a STA may
act as an AP.

[0047] FIG. 2 illustrates a schematic diagram of an
example of a wireless communication device. The wireless
communication device 200 includes a baseband processor
210, a radio frequency (RF) transceiver 220, an antenna unit
230, a memory 240, an input interface unit 250, an output
interface unit 260, and a bus 270, or subsets and variations
thereof. The wireless communication device 200 can be, or
can be a part of, any of the wireless communication devices
111-115.

[0048] In the example, the baseband processor 210 per-
forms baseband signal processing, and includes a medium
access control (MAC) processor 211 and a PHY processor
215. The memory 240 may store software (such as MAC
software) including at least some functions of the MAC
layer. The memory may further store an operating system
and applications.

[0049] In the illustration, the MAC processor 211 includes
a MAC software processing unit 212 and a MAC hardware
processing unit 213. The MAC software processing unit 212
executes the MAC software to implement some functions of
the MAC layer, and the MAC hardware processing unit 213
may implement remaining functions of the MAC layer as
hardware (MAC hardware). However, the MAC processor
211 may vary in functionality depending on implementation.
The PHY processor 215 includes a transmitting (TX) signal
processing unit 280 and a receiving (RX) signal processing
unit 290. The term TX may refer to transmitting, transmit,
transmitted, transmitter or the like. The term RX may refer
to receiving, receive, received, receiver or the like.

[0050] The PHY processor 215 interfaces to the MAC
processor 211 through, among others, transmit vector
(TXVECTOR) and receive vector (RXVECTOR) param-
eters. In one or more aspects, the MAC processor 211
generates and provides TXVECTOR parameters to the PHY
processor 215 to supply per-packet transmit parameters. In
one or more aspects, the PHY processor 215 generates and
provides RXVECTOR parameters to the MAC processor
211 to inform the MAC processor 211 of the received packet
parameters.

[0051] In some aspects, the wireless communication
device 200 includes a read-only memory (ROM) (not
shown) or registers (not shown) that store instructions that
are needed by one or more of the MAC processor 211, the
PHY processor 215 and/or other components of the wireless
communication device 200.

[0052] In one or more implementations, the wireless com-
munication device 200 includes a permanent storage device
not shown configured as a read-and-write memory device.
The permanent storage device may be a non-volatile
memory unit that stores instructions even when the wireless
communication device 200 is off. The ROM, registers and
the permanent storage device may be part of the baseband
processor 210 or be a part of the memory 240. Each of the
ROM, the permanent storage device, and the memory 240
may be an example of a memory or a computer-readable
medium. A memory may be one or more memories.

[0053] The memory 240 may be a read-and-write memory,
a read-only memory, a volatile memory, a non-volatile
memory, or a combination of some or all of the foregoing.
The memory 240 may store instructions that one or more of
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the MAC processor 211, the PHY processor 215, and/or
another component may need at runtime.

[0054] The RF transceiver 220 includes an RF transmitter
221 and an RF receiver 222. The input interface unit 250
receives information from a user, and the output interface
unit 260 outputs information to the user. The antenna unit
230 includes one or more antennas. When multi-input multi-
output (AMMO) or multi-user MIMO (MU-MIMO) is used,
the antenna unit 230 may include more than one antenna.
[0055] The bus 270 collectively represents all system,
peripheral, and chipset buses that communicatively connect
the numerous internal components of the wireless commu-
nication device 200. In one or more implementations, the
bus 270 communicatively connects the baseband processor
210 with the memory 240. From the memory 240, the
baseband processor 210 may retrieve instructions to execute
and data to process in order to execute the processes of the
subject disclosure. The baseband processor 210 can be a
single processor, multiple processors, or a multi-core pro-
cessor in different implementations. The baseband processor
210, the memory 240, the input interface unit 250, and the
output interface unit 260 may communicate with each other
via the bus 270.

[0056] The bus 270 also connects to the input interface
unit 250 and the output interface unit 260. The input
interface unit 250 enables a user to communicate informa-
tion and select commands to the wireless communication
device 200. Input devices that may be used with the input
interface unit 250 may include any acoustic, speech, visual,
touch, tactile and/or sensory input device, e.g., a keyboard,
a pointing device, a microphone, or a touchscreen. The
output interface unit 260 may enable, for example, the
display or output of videos, images, audio, and data gener-
ated by the wireless communication device 200. Output
devices that may be used with the output interface unit 260
may include any visual, auditory, tactile, and/or sensory
output device, e.g., printers and display devices or any other
device for outputting information. One or more implemen-
tations may include devices that function as both input and
output devices, such as a touchscreen.

[0057] One or more implementations can be realized in
part or in whole using a computer-readable medium. In one
aspect, a computer-readable medium includes one or more
media. In one or more aspects, a computer-readable medium
is a tangible computer-readable medium, a computer-read-
able storage medium, a non-transitory computer-readable
medium, a machine-readable medium, a memory, or some
combination of the foregoing (e.g., a tangible computer-
readable storage medium, or a non-transitory machine-
readable storage medium). In one aspect, a computer is a
machine. In one aspect, a computer-implemented method is
a machine-implemented method.

[0058] A computer-readable medium may include storage
integrated into a processor and/or storage external to a
processor. A computer-readable medium may be a volatile,
non-volatile, solid state, optical, magnetic, and/or other
suitable storage device, e.g., RAM, ROM, PROM, EPROM,
a flash, registers, a hard disk, a removable memory, or a
remote storage device.

[0059] In one aspect, a computer-readable medium com-
prises instructions stored therein. In one aspect, a computer-
readable medium is encoded with instructions. In one aspect,
instructions are executable by one or more processors (e.g.,
210, 211, 212, 213, 215, 280, 290) to perform one or more
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operations or a method. Instructions may include, for
example, programs, routines, subroutines, data, data struc-
tures, objects, sequences, commands, operations, modules,
applications, and/or functions. Those skilled in the art would
recognize how to implement the instructions.

[0060] A processor (e.g., 210, 211, 212, 213, 215, 280,
290) may be coupled to one or more memories (e.g., one or
more external memories such as the memory 240, one or
more memories internal to the processor, one or more
registers internal or external to the processor, or one or more
remote memories outside of the device 200), for example,
via one or more wired and/or wireless connections. The
coupling may be direct or indirect. In one aspect, a processor
includes one or more processors. A processor, including a
processing circuitry capable of executing instructions, may
read, write, or access a computer-readable medium. A pro-
cessor may be, for example, an application specific inte-
grated circuit (ASIC), a digital signal processor (DSP), or a
field programmable gate array (FPGA).

[0061] Inone aspect, a processor (e.g., 210, 211, 212, 213,
215, 280, 290) is configured to cause one or more operations
of the subject disclosure to occur. In one aspect, a processor
is configured to cause an apparatus (e.g., a wireless com-
munication device 200) to perform operations or a method
of the subject disclosure. In one or more implementations, a
processor configuration involves having a processor coupled
to one or more memories. A memory may be internal or
external to the processor. Instructions may be in a form of
software, hardware or a combination thereof. Software
instructions (including data) may be stored in a memory.
Hardware instructions may be part of the hardware circuitry
components of a processor. When the instructions are
executed or processed by one or more processors, (e.g., 210,
211, 212, 213, 215, 280, 290), the one or more processors
cause one or more operations of the subject disclosure to
occur or cause an apparatus (e.g., a wireless communication
device 200) to perform operations or a method of the subject
disclosure.

[0062] FIG. 3A illustrates a schematic block diagram of an
example of a transmitting signal processing unit 280 in a
wireless communication device. The transmitting signal
processing unit 280 of the my processor 215 includes an
encoder 281, an interleaver 282, a mapper 283, an inverse
Fourier transformer (IFT) 284, and a guard interval (GI)
inserter 285.

[0063] The encoder 281 encodes input data. For example,
the encoder 281 may be a forward error correction (FEC)
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.
The interleaver 282 interleaves the bits of each stream
output from the encoder 281 to change the order of bits. In
one aspect, interleaving may be applied only when BCC
encoding is employed. The mapper 283 maps the sequence
of bits output from the interleaver 282 into constellation
points.

[0064] When MIMO or MU-MIMO is employed, the
transmitting signal processing unit 280 may use multiple
instances of the interleaver 282 and multiple instances of the
mapper 283 corresponding to the number of spatial streams
(Ngs)- In the example, the transmitting signal processing unit
280 may further include a stream parser for dividing outputs
of the BCC encoders or the LDPC encoder into blocks that
are sent to different interleavers 282 or mappers 283. The
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transmitting signal processing unit 280 may further include
a space-time block code (STBC) encoder for spreading the
constellation points from the number of spatial streams into
a number of space-time streams (N,;) and a spatial mapper
for mapping the space-time streams to transmit chains. The
spatial mapper may use direct mapping, spatial expansion,
or beamforming depending on implementation. When MU-
MIMO is employed, one or more of the blocks before
reaching the spatial mapper may be provided for each user.

[0065] The IFT 284 converts a block of the constellation
points output from the mapper 283 or the spatial mapper into
a time domain block (e.g., a symbol) by using an inverse
discrete Fourier transform (IDFT) or an inverse fast Fourier
transform (IFFT). If the STBC encoder and the spatial
mapper are employed, the IFT 284 may be provided for each
transmit chain.

[0066] When MIMO or MU-MIMO is employed, the
transmitting signal processing unit 280 may insert cyclic
shift diversities (CSDs) to prevent unintentional beamform-
ing. The CSD insertion may occur before or after the inverse
Fourier transform operation. The CSD may be specified per
transmit chain or may be specified per space-time stream.
Alternatively, the CSD may be applied as a part of the spatial
mapper.

[0067] The GI inserter 285 prepends a GI to the symbol.
The transmitting signal processing unit 280 may optionally
perform windowing to smooth edges of each symbol after
inserting the GI. The RF transmitter 221 converts the
symbols into an RF signal and transmits the RF signal via
the antenna unit 230. When MIMO or MU-MIMO is
employed, the GI inserter 285 and the RF transmitter 221
may be provided for each transmit chain.

[0068] FIG. 3B illustrates a schematic block diagram of an
example of a receiving signal processing unit 290 in a
wireless communication device. The receiving signal pro-
cessing unit 290 of the PHY processor 215 includes a GI
remover 291, a Fourier transformer (FT) 292, a demapper
293, a deinterleaver 294, and a decoder 295.

[0069] The RF receiver 222 receives an RF signal via the
antenna unit 230 and converts the RF signal into one or more
symbols. In some aspects, the GI remover 291 removes the
GI from the symbol. When MIMO or MU-MIMO is
employed, the RF receiver 222 and the GI remover 291 may
be provided for each receive chain.

[0070] The FT 292 converts the symbol (e.g., the time
domain block) into a block of the constellation points by
using a discrete Fourier transform (DFT) or a fast Fourier
transform (FFT) depending on implementation. In one or
more implementations, the FT 292 is provided for each
receive chain.

[0071] When MIMO or MU-MIMO is employed, the
receiving signal processing unit 290 may further include a
spatial demapper for converting the Fourier transformed
receiver chains to constellation points of the space-time
streams, and a STBC decoder (not shown) for despreading
the constellation points from the space-time streams into the
spatial streams.

[0072] The demapper 293 demaps the constellation points
output from the FT 292 or the STBC decoder to the bit
streams. If the LDPC encoding is used, the demapper 293
may further perform LDPC tone demapping, before the
constellation demapping. The deinterleaver 294 deinter-
leaves the bits of each stream output from the demapper 293.
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In one or more implementations, deinterleaving may be
applied only when BCC decoding is used.

[0073] When MIMO or MU-MIMO is employed, the
receiving signal processing unit 290 may use multiple
instances on the demapper 293 and multiple instances of the
deinterleaver 294 corresponding to the number of spatial
streams. In the example, the receiving signal processing unit
290 may further include a stream deparser for combining the
streams output from the deinterleavers 294.

[0074] The decoder 295 decodes the streams output from
the deinterleaver 294 and/or the stream deparser. For
example, the decoder 295 may be an FEC decoder. The FEC
decoder may include a BCC decoder or an LDPC decoder.
[0075] FIG. 4 illustrates an example of a timing diagram
of interframe space (IFS) relationships. In this example, a
data frame, a control frame, or a management frame can be
exchanged between the wireless communication devices
111-115 and/or other WLAN devices.

[0076] Referring to the timing diagram 400, during the
time interval 402, access is deferred while the medium (e.g.,
a wireless communication channel) is busy until a type of
IFS duration has elapsed. At time interval 404, immediate
access is granted when the medium is idle for a duration that
is equal to or greater than a distributed coordination function
IFS (DIFS) 410 duration or arbitration IFS (AIFS) 414
duration. In turn, a next frame 406 may be transmitted after
a type of IFS duration and a contention window 418 have
passed. During the time 408, if a DIFS has elapsed since the
medium has been idle, a designated slot time 420 is selected
and one or more backoff slots 422 are decremented as long
as the medium is idle.

[0077] The data frame is used for transmission of data
forwarded to a higher laver. In one or more implementations,
a WLAN device transmits the data frame after performing
backoff if DIFS 410 has elapsed from a time when the
medium has been idle.

[0078] The management frame is used for exchanging
management information that 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.

[0079] The control frame is used for controlling 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 ACK frame. In the case that the control frame is not
a response frame of the other frame (e.g., a previous frame),
the WL AN device transmits the control frame after perform-
ing backoff if the DIFS 410 has elapsed. In the case that the
control frame is the response frame of the other frame, the
WAN device transmits the control frame without performing
backoft if a short IFS (SIFS) 412 has elapsed. For example,
the SIFS may be 16 microseconds. The type and subtype of
frame may be identified by a type field and a subtype field
in a frame control field of the frame.

[0080] On the other hand, a Quality of Service (QoS) STA
may transmit the frame after performing backoft if AIFS 414
for access category (AC), e.g., AIFS[AC], has elapsed. In
this case, the data frame, the management frame, or the
control frame that is not the response frame may use the
ATFS[AC].

[0081] In one or more implementations, a point coordina-
tion function (PCF) enabled AP STA transmits the frame
after performing backoff if a PCT IFS (PIFS) 416 has
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elapsed. In this example, the PIFS 416 duration is less than
the DIFS 410 but greater than the SIFS 412. In some aspects,
the PIFS 416 is determined by incrementing the SIFS 412
duration by a designated slot time 420.

[0082] FIG. 5 illustrates an example of a timing diagram
of a carrier sense multiple access/collision avoidance
(CSMA/CA) based frame transmission procedure for avoid-
ing collision between frames in a channel. In FIG. 5, any one
of the wireless communication devices 111-115 in FIG. 1
can be designated as one of STA1, STA2 or STA3. In this
example, the wireless communication device 111 is desig-
nated as STAI, the wireless communication device 112 is
designated as STA2, and the wireless communication device
113 is designated as STA3, While the timing of the wireless
communication devices 114 and 115 is not shown in FIG. 5,
the timing of the devices 114 and 115 may be the same as
that of STA2.

[0083] In this example, 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 that 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 STA3.

[0084] The STA1 may determine whether the channel (or
medium) is busy by carrier sensing. The STA1 may deter-
mine the channel occupation based on an energy level on the
channel or correlation of signals in the channel. In one or
more implementations, the STA1 determines the channel
occupation by using a network allocation vector (NAV)
timer.

[0085] When determining that the channel is not used by
other devices during the DIES 410 (e.g., the channel is idle),
the STA1 may transmit an RTS frame 502 to the STA2 after
performing backoff. Upon receiving the RTS frame 502, the
STA2 may transmit a CTS frame 506 as a response of the
CTS frame 506 after the SIFS 412.

[0086] When the STA3 receives the RTS frame 502, the
STA3 may set a NAV timer for a transmission duration
representing the propagation delay of subsequently trans-
mitted frames by using duration information involved with
the transmission of the RTS frame 502 (e.g., NAV(RTS)
510). For example, the STA3 may set the transmission
duration expressed as the summation of a first instance of the
SIFS 412, the CTS frame 506 duration, a second instance of
the SIFS 412, a data frame 504 duration, a third instance of
the SIFS 412 and an ACK frame 508 duration.

[0087] Uponreceiving a new frame (not shown) 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.

[0088] When the STA1 receives the CTS frame 506 from
the STA2, the STA1 may transmit the data frame 504 to the
STA2 after the SIFS 412 elapses from a time when the CTS
frame 506 has been completely received. Upon successfully
receiving the data frame 504, the STA2 may transmit the
ACK frame 508 after the SIRS 412 elapses as an acknowl-
edgment of receiving the data frame 504.

[0089] 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
WLAN devices (e.g., STA1, STA2) during the DIFS 410
after the NAV timer has expired, the STA3 may attempt the
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channel access after a contention window 418 has elapsed.
In this example, the contention window 418 may be based
on a random backoff.

[0090] FIG. 6 illustrates an example of a high efficiency
(HE) frame 600. The HE frame 600 is a physical layer
convergence procedure (PLCP) protocol data unit (or
PPDU) format. An HE frame may be referred to as an
OFDMA frame, a PPDU, a PPDU format, an OFDMA
PPDU, an MU PPDU, another similar term, or vice versa.
An HE frame may be simply referred to as a frame for
convenience. A transmitting station (e.g., AP, non-AP sta-
tion) may generate the HE frame 600 and transmit the HE
frame 600 to a receiving station. The receiving station may
receive, detect, and process the HE frame 600. The HE
frame 600 may include an L-STF field, an L-LTF field, an
L-SIG field, an RL-SIG field, an HE-SIG-A field, an HE-
SIG-B field, an HE-STF field, an HE-LTF field, and an
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HE-DATA field. The HE-SIG-A field may include N 2o
symbols, the HE-SIG-B field may include N, ;55 symbols,
the HE-LTF field may include N, - symbols, and the
HE-DATA field may include N, ,,, symbols. In an aspect,
the HE-DATA field may also be referred to as a payload
field, data, data signal, data portion, payload, PSDU, or
Media Access Control (MAC) Protocol Data Units (MPDU)
(e.g., MAC frame).

[0091] In one or more implementations, an AP may trans-
mit a frame for downlink (DL) using a frame format shown
in this figure or a variation thereof (e.g., without any or some
portions of an HE header). A STA may transmit a frame for
uplink (UL) using a frame format shown in this figure or a
variation thereof (e.g., without any or sonic portions of an
HE header).

[0092] The table below provides examples of characteris-
tics associated with the various components of the HE frame

600.

DFT Subcarrier
Element Definition Duration  period GI Spacing Description
Legacy(L)- Non-high 8 us — — equivalent L-STF of a
STF throughput to 1,250 kHz non-trigger-
(HT) Short based PPDU
Training has a
field periodicity of
0.8 ps with 10
periods.
L-LTF Non-HT 8 us 32ps  l.6ps 312.5 kHz
Long
Training
field
L-SIG Non-HT 4 ps 32ps 0.8 ups 312.5 kHz
SIGNAL
field
RL-SIG Repeated 4 us 32ps 0.8 ps 312.5 kHz
Non-HT
SIGNAL
field
HE-SIG-A  HE Nyesroa®™ 3.2pus 0.8 ps 312.5 kHz HE-SIG-A is
SIGNAL A 4 us duplicated on
field each 20 MHz
segment after
the legacy
preamble to
indicate
common
control
information.
Nuzsrca
means the
number of
OFDM
symbols of the
HE-SIG-A
field and is
equal to 2 or 4.
HE-SIG-B  HE Nyesrga®™  3.2us 0.8 ps 3125 kHz  Nygzses
SIGNAL B 4 us means the
field number of
OFDM
symbols of the
HE-SIG-B
field and is
variable.
DL MU
packet contains
HE-SIG-B.
Single user
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7
-continued
DFT Subcarrier
Element Definition Duration  period GI Spacing Description
based packets
do not contain
HE-SIG-B.
HE-STF HE Short 4 o0r 8 s — — non- HE-STF of a
Training trigger- non-trigger-
field based based PPDU
PPDU: has a
(equivalent periodicity of
to) 1,250 kHz; 0.8 ps with 5
trigger- periods. A non-
based trigger-based
PPDU: PPDU is not
(equivalent sent in
to) 625 kHz response to a
trigger frame.
The HE-STF
of a trigger-
based PPDU
has a
periodicity of
1.6 ps with 5
periods. A
trigger-based
PPDU is a UL
PPDU sent in
response to a
trigger frame.
HE-LTF HE Long Nuyzrre®  2xXLTEF: supports 2xLTF: HE PPDU
Training (DFT 64 s 0.8,1.6, (equivalent may support
field period + 4xLTF: 3.2 ps to) 156.25 kHz; 2xLTF mode
GI) us 12.8 ps 4xLTF: and 4xLTF
78.125 kHz mode.
In the 2xLTF
mode, HE-LTF
symbol

HE-DATA  HE DATA Npursa *  12.8 ps supports  78.125 kHz

field (DFT 0.8, 1.6,
period + 3.2 ps
GI) us

excluding GI is
equivalent to
modulating
every other
tone in an
OFDM symbol
of 12.8 ps
excluding GI,
and then
removing the
second half of
the OFDM
symbol in time
domain.

N7 77 means
the number of
HE-LTF
symbols and is
equal to 1, 2, 4,
6, 8.

Np474 means
the number of
HE data
symbols.

[0093] Referring to FIG. 6, the HE frame 600 contains a
header and a data field. The header includes a legacy header
comprised of the legacy short training field (L-STF), the
legacy long training field (L-LTF), and the legacy signal
(L-SIG) field. These legacy fields contain symbols based on
an early design of an IEEE 802.11 specification. Presence of
these symbols may facilitate compatibility of new designs
with the legacy designs and products. The legacy header
may be referred to as a legacy preamble. In one or more
aspects, the term header may be referred to as a preamble.

[0094] In one or more implementations, the legacy STF,
LTF, and SIG symbols are modulated/carried with FFT size
of 64 on a 20 MHz sub-channel and are duplicated every 20
MHz if the frame has a channel bandwidth wider than 20
MHz (e.g., 40 MHz, 80 MHz, 160 MHz). Therefore, the
legacy field (i.e., the STF, LTF, and SIG fields) occupies the
entire channel bandwidth of the frame. The L-STF field may
be utilized for packet detection, automatic gain control
(AGQ), and coarse frequency-offset (FO) correction. In one
aspect, the L-STF field does not utilize frequency domain
processing (e.g., FFT processing) but rather utilizes time
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domain processing. The L-LTF field may be utilized for
channel estimation, fine frequency-offset correction, and
symbol timing. In one or more aspects, the L-SIG field may
contain information indicative of a data rate and a length
(e.g., in bytes) associated with the HE frame 600, which may
be utilized by a receiver of the HE frame 600 to calculate a
time duration of a transmission of the HE frame 600.

[0095] The header may also include an HE header com-
prised of an HE-SIG-A field and an HE-SIG-B field. The HE
header may be referred to as a non-legacy header. These
fields contain symbols that carry control information asso-
ciated with each PLCP service data unit (PSDU) and/or
radio frequency (RF). PHY, and MAC properties of a PPDU.
In one aspect, the HE-SIG-A field can be carried/modulated
using an ITT size of 64 on a 20 MHz basis. The HE-SIG-B
field can be carried/modulated using an FFT size of e.g., 64
or 256 on a 20 MHz basis depending on implementation.
The HE-SIG-A and HE-SIG-B fields may occupy the entire
channel bandwidth of the frame. In some aspects, the size of
the HE-SIG-A field and/or the HE-SIG-B field is variable
(e.g., can vary from frame to frame). In an aspect, the
HE-SIG-B field is not always present in all frames. To
facilitate decoding of the HE frame 600 by a receiver, the
size of (e.g., number of symbols contained in) the HE-SIG-B
field may be indicated in the HE-SIG-A field. In some
aspects, the HE header also includes the repeated L-SIG
(RL-SIG) field, whose content is the same as the L-SIG field.
In an aspect, the HE-SIG-A and HE-SIG-B fields may be
referred as control signal fields. In an aspect, the HE-SIG-A
field may be referred to as a SIG-A field, SIG-A, or SIGA.
Similarly, in an aspect, the HE-SIG-B field may be referred
to as a SIG-B field, SIG-B, or SIG-B.

[0096] The HE header may further include HE-STF and
HE-LTF fields, which contain symbols used to perform
necessary RF and PHY processing for each PSDU and/or for
the whole PPM. The HE-LTF symbols may be modulated/
carried with an FFT size of 256 for 20 MHz bandwidth and
modulated over the entire bandwidth of the frame. Thus, the
HE-LTF field may occupy the entire channel bandwidth of
the frame. In one aspect, the HE-LTF field may occupy less
than the entire channel bandwidth. In one aspect, the HE-
LTF field may be transmitted using a code-frequency
resource. In one aspect, an HE-LTF sequence may be
utilized by a receiver to estimate MIMO channel between
the transmitter and the receiver. Channel estimation may be
utilized to decode data transmitted and compensate for
channel properties (e.g., effects, distortions). For example,
when a preamble is transmitted through a wireless channel,
various distortions may occur, and a training sequence in the
HE-LTF field is useful to reverse the distortion. This may be
referred to as equalization. To accomplish this, the amount
of channel distortion is measured. This may be referred to as
channel estimation. In one aspect, channel estimation is
performed using an HE-LTF sequence, and the channel
estimation may be applied to other fields that follow the
HE-LTF sequence.

[0097] The IE-STF symbols may have a fixed pattern and
a fixed duration. For example, the HE-STF symbols may
have a predetermined repeating pattern. In one aspect, the
HE-STF symbols do not require FFT processing. The HE
frame 600 may include the data field, represented as HE-
DATA, that contains data symbols. The data field may also
be referred to as a payload field, data, payload or PSDU.
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[0098] In one or more aspects, additional one or more
HE-LTF fields may be included in the header. For example,
an additional HE-LTF field may be located after a first
IE-LTF field. In one or more implementations, a TX signal
processing unit 280 (or an IFT 284) illustrated in FIG. 3A
may carry out the modulation described in this paragraph as
well as the modulations described in other paragraphs
above. In one or more implementations, an RX signal
processing unit 290 (or an FT 292) may perform demodu-
lation for a receiver.

[0099] FIG. 7 illustrates four different transmission signal
formats that may be available for signal transmission (e.g.,
HE-based transmission). The four transmission formats
include a format for an SU PPDU, an MU PPM, an extended
range PPDU, and a trigger based PPDU. The SU PPDU
format can be used in both downlink (DL) and uplink (UL)
to transmit SU-MIMO signals. The MU PPDU format can
be used in downlink to transmit signals from a single AP to
one or more STAs. Additionally, the MU PPDU format can
be used in uplink to transmit a signal from a single STA to
an AP. The extended range PPDU format is similar to the SU
PPDU format. In an aspect, the extended range PPDU
format may be used to convey information in coverage
limited cases. The trigger based PPDU format can be used
to transmit a signal from a STA to an AP. In an aspect, the
trigger based PPDU is only sent as a response to a trigger
frame (e.g., received by a STA from an AP) that contains, for
each participating STA, information about the frequency and
spatial resources (e.g., exact frequency and spatial
resources) to be used by each participating station to trans-
mit signals. Multiple STAs can transmit the trigger based
PPDU at a given time. In an aspect, the data signals (e.g.,
HE-DATA fields) from different STAs may be orthogonally
multiplexed in the frequency and/or spatial domain. In an
aspect, the multiple STAs may transmit the trigger based
PPDU at a given time as part of a multi-user (MU) uplink
(UL) PPDU transmission. In an aspect, all of the transmis-
sion formats utilize resource unit(s) as basic building blocks
for OFDMA-based transmission.

[0100] In one or more implementations, in OFDMA, an
access point may allocate different portions of a channel
bandwidth to different stations. In one aspect, a portion of a
channel bandwidth is allocated to a station. In one aspect, a
portion of a channel bandwidth may be a resource unit (RU)
or a resource allocation block. In another aspect, a portion of
a channel bandwidth may be one or more resource units. In
yet another aspect, a portion of a channel bandwidth may be
one or more blocks of a channel bandwidth. Each resource
unit includes multiple tones. In an aspect, a size of a resource
unit may be the number of tones included in the resource
unit. In an aspect, a resource unit may be referred to as a
block, subband, band, frequency subband, frequency band,
or variant thereof (e.g., frequency block). A tone may be
referred to as subcarrier. Each tone may be associated with
or otherwise identified by a tone index or a subcarrier index.
A tone index may be referred to as a subcarrier index.

[0101] In one or more aspects, the resource units that may
be allocated for a channel bandwidth may be provided by an
OFDMA numerology. In an aspect, the OFDMA numerol-
ogy may be referred to as an OFDMA structure or a
numerology. The numerology provides different manners by
which to allocate resources for a channel bandwidth (e.g., 20
MHz, 40 MHz, 80 MHz, 80+80/160 MHz channel band-
width) into individual resource units. In other words, the
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numerology provides potential resources for OFDMA for
stations that support the IEEE 802.11ax specification.
[0102] In some aspects, the OFDMA numerology and/or
resource unit(s) provided by the numerology are optimized
depending on a communication system, such as by taking
into consideration tradeoff between OFDMA gain and sig-
naling overhead. In an aspect, the OFDMA gain may include
a scheduling/frequency selectivity gain. The OFDMA gain
may be achieved by assigning resources to the stations based
on frequency selectivity of the stations. For instance, in an
aspect, it may be assumed that some specific set of size and
position of RUs are given, and BCC interleaver and/or
LDPC tone mapper parameters are optimized for certain
RUs for a given communication system. In an aspect, the
RUs are building blocks to be utilized by a scheduler to
assign resources to different stations e.g., in UL/DL
OFDMA). For instance, the scheduler may assign one or
more RUs to a station.

[0103] FIGS. 8A, 8B, and 8C illustrate examples of a
numerology for a 20 MHz channel bandwidth, a 40 MHz
channel bandwidth, and an 80 MHz channel bandwidth,
respectively. In an aspect, transmission associated with a 20
MHz, 40 MHz, 80 MHz, and 80+80/160 MHz channel
bandwidth may be referred to as 20 MHz, 40 MHz, 80 MHz,
and 80+80/160 MHz transmission, respectively. In an
aspect, the 20 MHz, 40 MHz, and 80 MHz channel band-
width may be denoted as HE20, HE40, and HE8O, respec-
tively.

[0104] In this regard, FIGS. 8A, 8B, and 8C illustrate the
resource units for the 20 MHz, 40 MHz, and 80 MHz
channel bandwidth, respectively. For instance, as shown in
FIG. 8A, the 20 MHz OFDMA structure uses 26-tone RU(s),
52-tone RU(s). and 106-tone RU(s) al fixed positions. As
shown in FIG. 8B, the 40 MHz OFDMA structure may be
two replicas of the 20 MHz OFDMA structure. As shown in
FIG. 8C, the 80 MHz OFDMA structure may be formed of
two replicas of the 40 MHz OFDMA stricture on top of one
central 26-tone RU (denoted as 805). Within 80 MHz, the
OFDMA design supports six different RU sizes: 26, 52, 106,
242, 484, and 996. In an aspect, the size of an RU may be
the number of tones included in the RU. The 80+80/160
MHz OFDMA structure may be two replicas of the 80 MHz
OFDMA structure. Each station (e.g., user) can be allocated
one or more of the RUs shown in FIGS. 8A, 8B, or 8C when
the channel bandwidth is 20 MHz, 40 MHz, or 80 MHz,
respectively. It is noted that the bottom-most row in each of
FIGS. 8A, 8B, and 8C illustrate the non-OFDMA case.

[0105] Inthe 20 MHz and 80 MHz channel bandwidth, the
central 26 RU is split into two 13 subcarrier (or tone)
components due to direct current (DC) subcarriers (or
tones). in particular, as shown in FIGS. 8A and 8C, the two
13 subcarrier (or tone) components are separated by 7 DC
subcarriers (or tones). In an aspect, on top of OFDMA,
MU-MIMO may be integrated to the RUs. Such integration
of MU-MIMO to the RUs may outperform SU OFDMA in
some cases considering overhead. In an aspect, each of the
80480 MHz transmission and 160 MHz transmission may
have similar OFDMA structures, with a center 26 RU being
present at the center of each 80 MHz band and 7 DC
subcarriers tones) between split tones. Hence, the 80+80
MHz transmission has two center 26 RUs, where each center
26 RU is split into two 13 subcarriers (or tones), and the two
13 subcarriers or tones) are separated by 7 DC subcarriers
(or tones). Likewise, the 160 MHz transmission has two
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center 26 RUs, where each center 26 RU is split into two 13
subcarriers (or tones), and the two 13 subcarriers Or tones)
are separated by 7 DC subcarriers tones).

[0106] FIG. 9illustrates an example of an HE-SIG-B field.
The HE-SIG-B field may include a common subfield fol-
lowed by one or more user specific subfields. A last user
specific subfield may be followed by padding (e.g., padding
bits). The control information transmitted in the HE-SIG-B
field may include common control information, contained in
the common subfield, and station (STA) specific informa-
tion, contained in the user specific subfields.

[0107] In an aspect, the common subfield may be referred
to as a common field, common information field, a common
block field, or variants thereof (e.g., common block sub-
field). In an aspect, the one or more user specific subfields
form a user specific field. In an aspect, user specific infor-
mation may be referred to as station (STA) specific infor-
mation. In an aspect, the common control information
includes control information that needs to be shared for all
STAs. In an aspect, the STA specific control information is
control information dedicated to a specific STA. For
instance, each user specific subfield in FIG. 9 may include
control information for one station.

[0108] The common subfield may identify designated sta-
tions and include the information (e.g., resource allocation
information) for all the designated stations. In an aspect, the
common subfield may contain information regarding the
resource unit allocation/assignment such as the RU arrange-
ment in the frequency domain, the RUs allocated for MU-
MIMO and/or OFDMA, and the number of users in MU-
MIMO and/or OFDMA allocations. In this regard, the
HE-SIG-B field may be a control signal field that includes
resource allocation information (e.g., RU allocation infor-
mation) as well as other control signaling information for
facilitating correct reception of data signals. In an aspect, the
resource allocation information as well as other control
signaling information may be necessary for correct reception
of data signals. The common subfield may include a subfield
type (e.g., SU or MU) for each user specific subfield.
[0109] One or more of the user specific subfields are for
each designated receiving STA. In an aspect, the user
specific subfield ma be one of two types, SU subfield type
or MU subfield type. Depending on the resource allocation
information, each user specific subfield may be one of the
SU subfield or the MU subfield. In an aspect, a size/length
of the user specific subfield may be based at least in part on
the type of the user specific subfield and the number of user
specific subfields (e.g., the number of stations). The SU
subfield may include a station identifier (STA-ID) that
addresses the station, number of space time streams Ng,
modulation and coding scheme (MCS), beamforming (BF)
(e.g., transmit beamforming (TxBF)), coding (e.g., indica-
tion for use of LDPC), etc. The MU subfield may contain
information similar to the SU subfield, including, for
example, the STA-ID, N, MCS, and coding. In an aspect,
a distinction between SU and MU subfield is that MU
subfield contains information regarding spatial stream con-
figuration (e.g., in spatial configuration field(s)). In an
aspect, the MU subfield may contain a total number of space
time streams, denoted as L. In some cases, the L, may
be utilized for determining the number of HE-LTF symbols.
[0110] In an aspect, in an SU-MIMO transmission mode,
each user occupies N, space time streams. In an aspect, in
an MU-MIMO transmission mode, each user occupies a
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subset of the total number of space time streams. The total
number of space time streams may be denoted as [ ¢, and
the subset may be denoted as Ng;c. Thus, the Ny, of a user
k is equal to or smaller than the Lg,.. In an aspect, in the
MU-MIMO transmission mode, the transmitter indicates the
logical order of the spatial stream assignment to each user,
provided by the M, and N, in FIG. 9. For example, the
transmitter can indicate a starting spatial stream index,
Mg, and the number of space time streams, Ny, for a
specific user. In an aspect, as long as the space time streams
for different MU-MIMO users do not overlap, each user can
correctly receive signals from the transmitter. In an aspect,
when the size of station specific information for both SU and
MU (e.g., SU-MIMO, MU-MIMO) are the same, the type
information need not be utilized to calculate the length of the
SIG-B field.

[0111] In one or more aspects, for channel bandwidths
greater than or equal to 40 MHz, the number of 20 MHz
subbands carrying different content for HE-SIG-B is two.
FIG. 10 illustrates examples of a coding structure of an
HE-SIG-B field for 40 MHz, 80 MHz, and 160 MHz channel
bandwidth. In an aspect, the SIG-B coding structure may be
referred to as a SIG-B field mapping structure. Each square
in FIG. 10 represents a 20 MHz subband, and the number 1
and 2 represent different signaling/control information. In an
aspect, the “1” may be referred to as coding block 1 or
SIG-B coding block 1. Similarly, in an aspect, the “2” may
be referred to as coding block 2 or SIG-B coding block 2. In
an aspect, a coding block may be referred to as a content
channel, such that coding block 1 and coding block 2 may
be referred to as content channel 1 (or SIG-B content
channel 1) and content channel 2 (or SIG-B content channel
2), respectively. In an aspect, coding block 1 may be referred
to as a first HE-SIG-B field and coding block 2 may be
referred to as a second HE-SIG-B field. The HE-SIG-B field
of FIG. 10 may be composed of one or more first HE-SIG-B
fields in one or more subbands (e.g., 20 MHz subbands) and
one or more second HE-SIG-B fields in the remaining
subband(s).

[0112] In some aspects, in 20 MHz transmission, a single
SIG-B coding block is transmitted. In some aspects, in 40
MHz transmission, two SIG-B coding blocks, represented as
1 and 2, are transmitted. Fach of the two SIG-B coding
blocks may span one of the two 20 MHz subbands that form
the 40 MHz channel bandwidth. Each of the two SIG-B
coding blocks may convey information about resources in its
corresponding 20 MHz bandwidth.

[0113] In some aspects, in 80 MHz transmission, two
SIG-B coding blocks are transmitted. Each of the two SM-B
coding blocks may span a respective 20 MHz bandwidth. In
an aspect, each of the two SIG-B coding blocks is replicated
twice in the frequency domain, resulting in a SIG-B field
that spans the 80 MHz channel bandwidth in a coding block
1, coding block 2, coding block 1, coding block 2 (1-2-1-2)
structure. In this regard, as shown in FIG. 10 for 80 MHz,
in an aspect, a first and third 20 MHz bandwidth may contain
the same content, represented as 1, whereas a second and
fourth 20 MHz bandwidth may contain the same content,
represented as 2. In an aspect, in 160 MHz transmission, two
SIG-B coding blocks are transmitted, where each SIG-B
coding block spanning 20 MHz is replicated four times in
frequency domain to result in a SIG-B field that span 160
MHz. Each SIG-B coding block contains control informa-
tion of resources in four 20 MHz blocks.
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[0114] FEach SIG-B coding block contains control infor-
mation of resources for a respective 20 MHz block. FIGS.
11A, 11B, 11C, and 11D illustrate examples of such SIG-B
mapping for a 20 MHz, a 40 MHz, an 80 MHz, and a 160
MHz channel bandwidth, respectively.

[0115] Each coding block of the SIG-B field may include
a common block field and a user specific field. The common
block field may include multiple RU allocation fields, where
each RU allocation field is associated with resource alloca-
tion in a respective 20 MHz bandwidth. For instance, in FI1G.
11B, the SIG-B field includes “RU Allocation Signaling
Channel A (20 MHz)” and its corresponding “Per-User
Allocation Information”, and “RU Allocation Signaling
Channel B (20 MHz)” and its corresponding “Per-User
Allocation Information”. The RU allocation field denoted as
“RU Allocation Signaling Channel A (20 MHz)” may des-
ignate a first set of stations and the “Per-User Allocation
Information” adjacent to the “RU Allocation Signaling
Channel A (20 MHz)” may include user specific information
for the first set of stations. The RU allocation field denoted
as “RU Allocation Signaling Channel B (20 MHz)” may
designate a second set of stations and the “Per-User Allo-
cation information” adjacent to “RU Allocation Signaling
Channel B (20 MHz)” may include user specific information
for the second set of stations. In an aspect, the RU allocation
field may be 8 bits per 20 MHz bandwidth. In this aspect,
each of the “RU Allocation Signaling Channel A” and “RU
Allocation Signaling Channel B” is associated with a respec-
tive 20 MHz band and includes 8 bits.

[0116] For 80 MHz transmission, the content of the HE-
SIG-B field in the first and third 20 MHz bands, denoted as
A and C, respectively, is identical (indicated by DUP in FIG.
11C). The information carried in either of these bands may
be referred to as HE-SIG-B channel 1. HE-SIG-B channel 1
carries signaling information for all STAs whose payloads
occupy some tones in the first or third 20 MHz bands.
Similarly, the content of the HE-SIG-B field in the second
and fourth 20 MHz bands, denoted as B and D. respectively,
are identical. The information carried in either of these
bands may be referred to as HE-SIG-B channel 2. HE-SIG-B
channel 2 carries signaling information for all STAs whose
payloads occupy some tones in the second or fourth 20 MHz
bands. In an aspect, the RU allocation field may be 8 bits per
20 MHz bandwidth. In this aspect, each of the “RU Allo-
cation Signaling 4 Channel A”, “RU Allocation Signaling #
Channel C”, “RU Allocation Signaling 4 Channel B”, and
“RU Allocation Signaling 4 Channel D” is associated with
a respective 20 1MHz band and includes 8 bits. In an aspect,
the RU allocation field in each 20 1MHz band may be
encoded together. For instance, the “RU Allocation Signal-
ing # Channel A” and “RU Allocation Signaling # Channel
C” of the first 20 MHz band may be encoded together.

[0117] For 160 MHz transmission, the content of the
HE-SIG-B field in the first, third, fifth, and seventh 20 MHz
bands, denoted as Al, C1, A2, and C2, are identical. The
information carried in any of these bands may be referred to
as HE-SIG-B channel 1. HE-SIG-B channel 1 carries sig-
naling information for all stations whose payloads occupy
some tones in the first or third or fifth or seventh 20 MHz
band. Similarly, the content of the HE-SIG-B field in the
second, fourth, sixth, and eighth 20 MHz bands, denoted as
B1, D1, B2, and D2, are identical. The information carried
in any of these bands may be referred to as HE-SIG-B
channel 2. HE-SIG-B channel 2 carries signaling informa-
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tion for all STAs whose payloads occupy some tones in the
second or fourth or sixth or eighth 20 MHz band.

[0118] In one or more aspects, methods are provided for
identifying a user specific subfield format. In an aspect, there
may be a different amount of STA specific information
depending on each STA. For example, STA1 assigned for
SU-MIMO in RU of OFDMA and STA2 assigned for
MU-MIMO in RU of OFDMA. may need different subfields
to indicate control information of its own scheme. In order
to correctly calculate and find subfields designated to each
STA, a Type subfield that contains a Type indication may be
introduced in a SIG field (e.g., SIG-B field) for IEEE
802.11ax. In accordance with its Type, a STA specific
information of a fixed size may be assigned. In other words,
the size of the STA specific information may be based on the
Type. The Type subfield may indicate an SU type (single
user allocation), MU type (multi-user allocation), frequency
repetition type, and so on in MU. The frequency repetition
type may indicate to the STA that there are duplicated RUs.
[0119] FIG. 12 illustrates an example of an HE-SIG-B
field. The HE-SIG-B field includes coding block 1 and
coding block 2. Coding block 1 includes a common block
field and STA specific subfields for STA1-1, STA1-2, . ..,
STA1-M. Coding block 2 includes a common block field and
STA specific subfields for STA2-1, STA2-2, ..., STA2-N.
101201 In an aspect, an explicit indication of Type subfield
(e.g., SU type, MU type) may be included within the STA
specific control information. As shown in FIG. 12, the Type
subfield may be located in a front part within each STA
specific information subfield. In an aspect, the first bit or first
bits of the STA specific information subfield may be the
indication. In an aspect, the Type subfield and/or the Type
indication may be one bit. For instance, this bit may be the
first bit of each user specific field. After the common block
field of each content channel, once each station detect/
decodes its STA specific subfield correctly, the station deter-
mines the type and the size (e.g., expected size) of its own
STA specific information.

[0120] FIG. 13 illustrates an example of an HE-SIG-B
field. The description from FIG. 12 generally applies to FIG.
13, with examples of differences between FIG. 12 and FIG.
13 and other description provided herein for purposes of
clarity and simplicity. In an aspect, as shown in FIG. 13, the
HE-SIG-B field may include the Type subfield or the Type
information within the common control information (e.g.,
common block field). In such an aspect, the Type subfield or
Type information may include an indication of each user’s
STA specific control information format type (e.g. SU-based
format, MU-based format). Each STA may determine the
format type of the STA specific information based on
information (e.g., the indication) included in the common
information subfield. By way of non-limiting example, the
information given in the common information field may
include allocated RU size for the corresponding STA spe-
cific information and number of scheduled users for the
allocated RU size. In an aspect, based on an RU allocation
and size of each RU indicated by the Type subfield in the
common information, a STA may easily find its own STA
specific information block.

[0121] FIG. 14 illustrates an example of an 80 MHz
numerology with the special 26 RU labeled. The special 26
RU is denoted as 805. The special 26 RU may be in the
middle of the 80 MHz operating bandwidth. In an aspect, the
special 26 RU may be assigned to either coding block 1 or
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coding block 2. In another aspect, if common information
and STA specific information of a coding block is assumed
to apply to the corresponding subband channel, the special
26 RU may be assigned to coding block 1 and coding block
2 since the special 26 RU does not have explicitly the
corresponding subband channel. This may cause the same
STA specific information subfield associated with the special
26 RU to exist in the two coding blocks.

[0122] In one or more aspects, resource allocation of the
special 26 RU may be signaled in the HE-SIG-B field.
Methods are provided for conveying control information for
the special 26 RU in 80 MHz and 160 MHz OFDMA data
transmission. The conveying of such control information
may facilitate reduction in signaling overhead.

[0123] In the case of 80 MHz transmission, 80+80 MHz
transmission, or 160 MHz transmission, a transmitter may
be able to transmit (e.g., may be allocated) a special RU
located in the center of each 80 MHz band. The special RU
may have a size of 26 subcarriers. In an aspect, the special
26 RU may be referred to as a special central RU, special
center 26 RU, special center 26, special center 26 unit,
center 26 unit, or variants thereof The special 26 RU in the
case of 80 MHz signal transmission is shown in FIG. 14 and
denoted as 805. The center 26 RU is split into two 13
subcarrier blocks due to the 7 DC tones in the center.
[0124] With reference back to FIG. 14, the two transmis-
sion subbands of the SIG-B field are denoted as 1 and 2. In
an aspect, because the special 26 RU exist on the boundary
of the transmission subbands of the SIG-B field, the special
26 RU may be allowed to be signaled in one or both of the
SIG-B coding blocks.

[0125] In some aspects, control information, such as
resource allocation, for the center 26 RU may be signaled in
(e.g., transmitted in) the HE-SIG-B field in the primary 20
MHz channel. In an aspect, the primary 20 MHz channel
may be channel 1 or channel 2. The AP may select either
channel 1 or channel 2 as the primary 20 MHz channel, and
may indicate to the stations which channel is the primary 20
MHz channel when the AP engages with the stations (e.g.,
during an association procedure between the AP and the
stations). Depending on the implementation, a station ma
detect and decode the one coding block over the primary
channel and find its RU allocation as the special 26 RU.
[0126] In an aspect, when the AP is operating in 80 MHz
channel bandwidth, the AP may designate any one of the
four 20 MHz blocks within the 80 MHz channel bandwidth
as the primary 20 MHz channel. The AP may signal the
designated primary 20 MHz channel during an association
procedure between the AP and the stations. In an aspect,
because the primary 20 MHz channel is static (e.g., chosen
for a long term basis), each station can determine the
primary 20 MHz channel before the station receives the
HE-SIG-B field or portions (e.g., coding blocks) thereof The
common information field of the HE-SIG-B field occupying
the primary 20 MHz may have additional signaling for the
special 26 RU allocation.

[0127] In some aspects, the SIG-B field transmission
structure can be modified such that the center special 26 RU
is centered within the transmission signal bandwidth of a
single SIG-B coding block. In an aspect, the special 26 RU
may be assigned to only one coding block without any
ambiguity. FIG. 15 illustrates an example of such a SIG-B
coding structure for a 40 MHz, 80 MHz, and 160 MHz
channel bandwidth. With the SIG-B coding structure of FIG.
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15, control information for the special 26 RU can be
conveyed in a second SIG-B coding block, denoted by the
number 2 in FIG. 15. In some aspects, resource allocation of
the special 26 RU may be signaled with a STA specific
subfield (e.g., an additional/extra. STA specific subfield). In
an aspect, the RU allocation field of the common informa-
tion subfield of the SIG-B field (e.g., in each HE-SIG-B
coding block) may contain resource allocation information
(c.a., resource assignments) of all RUs except the special 26
RU. The presence of the special 26 RU may be conveyed by
transmissions of an extra STA specific subfield in either one
of the SIG-B coding blocks.

[0128] In an aspect, without additional indication,
resource allocation of the special 26 RU may be located in
either coding block 1 or coding block 2 depending on load
balance. In accordance with different circumstances, there
may exist an unbalanced RU allocation and/or an unbal-
anced number of STAs distribution, which may lead to an
unbalanced amount of control information in coding block 1
and coding block 2. For instance, coding block 1 may
include information associated with more stations than cod-
ing block 2. In these cases, in order to match the end of an
OFDM symbol for the two coding blocks, padding (e.g.,
padding bits) may occupy the rest of the OFDM symbol. In
this regard, it is noted that, in general, coding block 1 and
coding block 2 are padded with dummy bits (e.g., a non-
valid STA specific information) such that the number of
OFDM symbols for the two SIG-B coding blocks is iden-
tical. In an aspect, at least some of the padding may be
replaced with control information for signaling resource
allocation information of the special 26 RU. In other words,
an empty roonmy/space (e.g., generally containing padding) of
either coding block 1 or coding block 2, or both, may be
utilized to contain STA specific information of the special 26
RU.

[0129] FIG. 16 illustrates an example of an HE-SIG-B
field including a subfield (e.g., STA specific subfield) asso-
ciated with the special 26 RU. The subfield associated with
the special 26 RU is denoted as Center RU26. In an aspect,
the common information subfield of coding block 1 of the
SIG-B field may contain information that indicates M num-
ber of resource unit blocks (e.g., M number of STA specific
information blocks) follow the common information sub-
field of coding block 1. These M stations may be identified
as STA1-1, STA1-2, . . ., STA1-M. Similarly, the common
information subfield of coding block 2 may contain infor-
mation that indicates N number of resource unit blocks (e.g.,
N number of STA specific information blocks) follow the
common information subfield of coding block 2. These N
stations may be identified as STA2-1, STA2-2, ..., STA2-N.
In an aspect not shown FIG. 16, the M stations of coding
block 1 may be identified as STA1, STA2, ..., STAM, and
the N stations of coding block 2 may be identified as STA1,
STA2, . . ., STA N. where STA1 of coding block 1 is
different from STA1 of coding block 2, STA2 of coding
block 2 is different from STA2 of coding block 2, and so
forth. The values for M and N may be, but need not be, the
same.

[0130] The common information field in each HE-SIG-B
coding block contains the resource assignments other than
the special 26 RU. In an aspect, there exists an implicit (or
explicit) mapping between the RU assigned and the order
and the number the STA specific information (denoted as
STAI1-1, STAI-2, . . ., STA1-M field in FIG. 16). In an
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aspect, the receiver may be able to identify the total number
of STA specific information (e.g., M value) from parsing the
common information field. If the total length of the HE-
SIG-B coding block is long enough such that special RU 26
control information can be inserted between the last STA
specific information and the end of the HE-SIG B coding
block, then the receiver can assume that there is a special RU
26 assigned and can parse that information field (e.g., for
assignment check).

[0131] In an aspect, if there exists a STA specific subfield
(e.g., a valid STA specific subfield) after either the M STA
specific information blocks of coding block 1 and/or after
the N STA specific information blocks of coding block 2,
then the STA may assume that it is for the special 26 RU.
The validity of the STA specific subfield for the special 26
RU can be checked using, for instance, a cyclic redundancy
check (CRC) and STA-ID. In an aspect, in order to distin-
guish between the special RU 26 assignment and bit padding
for the HE-SIG-B coding block, the special RU 26 may
include a specific bit (e.g., one bit) or a specific bit sequence
(e.g., including multiple bits) that is different from a padding
bit sequence such that the receiver is able to differentiate
between the special RU 26 assignment and padding bits.

[0132] As shown in FIG. 16, when there is empty room/
space within coding block 1, the STA specific information of
the special 26 RU ma be allowed to be included in coding
block 1. In an aspect, no common information indicates the
presence of RU allocation of the special 26 RU. In an aspect,
since the stations can distinguish between padding bits and
STA specific information, such as MCS, AID, etc., the
stations are able to identify the subfield associated with the
special 26 RU.

[0133] In some aspects, if the special 26 RU is assigned,
the user specific field for the special 26 RU in a channel
bandwidth greater than or equal to 80 MHz (e.g., 80 MHz,
80+80 MHz, 160 MHz) may be located at the end of user
specific fields in either SIG-B content channel 1 or SIG-B
content channel 2. In some cases, such as shown in FIG. 16,
the user specific field of the special 26 RU may be in SIG-B
content channel 1, For instance, for 80 MHz, the user
specific field for the special 26 RU may be included in
SIG-B content channel 1. In other cases, the user specific
field of the special 26 RU may be in SIG-B content channel
2. In an aspect, the user specific field may be in SIG-B
content channel 1 for a lower 80 MHz band and SIG-B
content channel 2 for an upper 80 MHz band in the 160 MHz
channel bandwidth. An HE-SIG-B field with the special 26
RU is described, for example, with respect to FIGS. 16, 17,
19A, and 19B.

[0134] FIG. 17 illustrates another example of an HE-
SIG-B field including a subfield (e.g., STA specific subfield)
associated with the special 26 RU. The description from
FIG. 16 generally applies to FIG. 17. In FIG. 17, the STA
specific information subfield associated with the special
center 26 RU is denoted as Special RU26 control informa-
tion.

[0135] Insome aspects, the SIG-B field may be separately
encoded on each 20 MHz band. In an aspect, the SIG-B field
is encoded on a per 20 MHz basis using BCC with common
and user blocks separated in the bit domain. The SIG-B field
can be composed of multiple BCC blocks. The encoding of
the SIG-B field in multiple BCC blocks ma assist/facilitate
decoding.

45



US 2017/0041929 Al

[0136] FIG. 18 illustrates an example of an HE-SIG-B
field encoded as BCC blocks. Each BCC block may include
information bits common information, STA specific infor-
mation) and tail bits (e.g., 6 tail bits) for trellis termination.
In FIG. 18, the common information subfield is encoded in
a single BCC block, and every two STA specific information
subfield are encoded in a single BCC block. In other words,
two users (e.g., two STAs) are grouped together and jointly
encoded in each BCC block in the user specific field of the
SIG-B field. In a case that there are an odd number of STA
specific information subfields, the last STA specific infor-
mation subfield (one STA specific information subfield) can
be encoded in a single BCC block. In an aspect, the common
block has a CRC separate from a CRC of the user specific
blocks.

[0137] In some aspects, additional signaling may be con-
veyed in the SIG-B field (or in the SIG-A field) to indicate
the extra presence of STA specific information subfield(s)
other than those indicated by resource allocation field of the
common information subfield. In this regard, the additional
signaling may indicate the presence of a STA specific
information subfield associated with the special center 26
RU. For instance, the STA specific information subfield
associated with the special center 26 RU is denoted as
Center R1126 in FIG. 16 and Special RU26 control infor-
mation in FIG. 17. In an aspect, the BCC block is defined for
every two consecutive STA specific information subfields,
including the STA specific information subfield for the
special 26 RU.

[0138] In an aspect, the RU allocation subfield of the
common information subfield of the SIG-B field (e.g., in
each HE-SIG-B coding block) may contain resource allo-
cation information resource assignments) of all RUs except
the special 26 RU. In an aspect, the additional signaling may
be an indication or an indication signal whose value is
indicative of whether the special 26 RU is allocated and,
thus, whether an extra presence of STA specific information
subfield(s) associated with the allocation of the special 26
RU is contained in the SIG-B field. For instance, when the
indication is set to a first value (e.g., 1), the special 26 RU
is allocated. When the indication is set to a second value
(e.g., 0), the special 26 RU is not allocated. In an aspect,
such an indication may be contained in a center 26-tone RU
subfield of the common information subfield of the SIG-B

[0139] In one or more aspects, the common information
subfield may include the RU allocation subfield, the center
26-lone RU subfield, a cyclic redundancy check (CRC)
subfield, and a tail subfield. In an aspect, the additional
signaling for the special 26 RU may be between the RU
allocation information (e.g., contained in the RU allocation
subfield) in the common information subfield and station
specific information. In an aspect, the additional signaling
may be immediately after the RU allocation information. In
an aspect, the additional signaling may be in both coding
block 1 and 2. In an aspect, the additional signaling may
include one bit. In an aspect, for an 80 MHz channel
bandwidth, the additional signaling (e.g., 1 bit) may be
included in both coding block 1 and 2 to indicate if the
special 26 RU is allocated. In an aspect, for a full bandwidth
of 80 MHz, add 1 bit to indicate if center 26-tone RU is
allocated in the common block fields of both SIG-B content
channels with same value. In other words, for an 80 MHz
channel bandwidth, add 1 bit with the same value in the
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common block fields of both SIG-B content channels if the
center 26-tone RU is allocated.

[0140] Inanaspect, for a 160 MHz or 80+80 MHz channel
bandwidth, the additional signaling (e.g., 1 bit) may be
included in both coding block 1 and 2 to indicate if the
special 26 RU of one of the 80 MHz bands is allocated. In
an aspect, for a full bandwidth of 160 MHz or 80+80 MHz,
add 1 bit to indicate if center 26-tone RU is allocated for one
individual 80 MHz in the common block fields of both
SIG-B content channels. In other words, for a 160 MHz or
80+80 MHz channel bandwidth, add 1 bit in the common
block fields of both SIG-B content channels to indicate if the
center 26-tone RU for one individual 80 MHz is allocated.
[0141] FIG. 19A illustrates an example of an HE-SIG-B
field. The BCC block is defined for every two consecutive
STA specific information subfields (including the STA spe-
cific information subfield for the special 26 RU). In FIG.
19A, a BCC block 1905 includes STA specific information
for STA M as well as for the special 26 RU. In this regard,
the special 26 RU is included at an end of the STA specific
information. Additional signaling may also be conveyed in
the SKI-B field (or in the SIG-A field) to indicate the extra
presence of STA specific information subfield(s) other than
those indicated by the RU allocation information in the
common information subfield. In this regard, the additional
signaling may indicate the presence of a STA specific
information subfield associated with the special center 26
RU. In some cases, M may be odd and N may be even. For
instance, in a case that the number of STA specific infor-
mation subfield of FIG. 19A indicated by the common
information subfield is odd, and one or more of the special
26 RU STA specific information exist, the STA specific
information for the special 26 RU may be paired with STA
specific information for other RUs within the BCC block
1905.

[0142] FIG. 19B illustrates an example of the HE-SIG-B
field of FIG. 19A with an indication 1910 of the special
center 26 RU explicitly depicted. The indication 1910 of the
special center 26 RU is denoted as RU26 IND. In an aspect,
the indication 1910 may be 1 bit. The indication 1910 may
be between the RU allocation information in the common
information subfield 1915 (e.g., a BCC block in which the
common information subfield 1915 is encoded) and a first
BCC block 1920 associated with station specific informa-
tion. In an aspect, CRC bits and tail bits may follow the
indication 1910 in the common information subfield 1915.

[0143] In some aspects, the STA specific information
subfield for the special 26 RU may be defined as a separate
BCC block. In an aspect, in a case when the number of STA
specific information subfields indicated by the common
information subfield is odd and the total number is M, only
one STA specific information subfield exists for the BCC
block that contains the M” STA specific information sub-
field. The STA specific information subfield(s) for the spe-
cial 26 RU may form a new BCC block following the M*
STA specific information subfield.

[0144] In some aspects, the STA specific information
subfield(s) for the special 26 RU may be mapped on a
different SIG-B OFDM symbol from the rest of the STA
specific information subfield(s). In contrast, in some cases,
the STA specific information subfield for the special 26 RU
may be logically appended to the rest of the STA specific
information subfield(s) and is not necessarily separated in
different OFDM symbols. In this regard, FIG. 20 illustrates

46



US 2017/0041929 Al

an example of an HE-SIG-B field in which the special 26 RU
may be, but need not be, mapped to a different OFDM
symbol. For instance, in FIG. 20, the special 26 RU subfield
may fit in the SIG-B field without an added OFDM symbol
if there is sufficient space after the STA2-N specific infor-
mation subfield.

[0145] FIG. 21 illustrates an example of an HE-SIG-B
field in which the special 26 RU is mapped to a different
OFDM symbol. In such a case, after the STA specific
information for RUs other than the special 26 RU, dummy
information may be included as padding such that the
common subfield, STA specific information subfield, and
padding (e.g., padding bit(s)) fill an integer number of
OFDM symbols. As shown. in FIG. 21, the STA specific
information subfield for the special 26 RU, denoted as
Center RU26, is mapped to the next OFDM symbol (c.a.,
following a last STA specific information subfield in both
coding block 1 and coding block 2). For coding block 1,
padding may be present in the gap between STA1-M and
Center RU26. For coding block 2, padding may be present
in the gap between STA2-N and Center RU26. In an aspect,
because the STA specific information subfield for the special
26 RU is transmitted in a separate OFDM symbol (e.g., in
FIG. 21), it is possible to change the MCS for the OFDM
symbol containing the STA specific information subfield for
the special 26 RU.

[0146] In an aspect, compressed OFDM symbol duration
can be applied to the OFDM symbols containing the STA
specific information subfield for the special 26 RU. In an
aspect, a compressed OFDM symbol duration may be
denoted as 2x whereas a non-compressed OFDM symbol
duration may be denoted as 4x. FIG. 22 illustrates an
example of an HE-SIG-B field in which the special 26 RU
is mapped to a compressed OFDM symbol. The description
from FIG. 21 generally applies to FIG. 22, with examples of
differences between FIG. 21 and FIG. 22 and other descrip-
tion provided herein for purposes of clarity and simplicity.
The compressed OFDM symbol may potentially have a
smaller MT duration compared with other (e.g., non-com-
pressed) SIG-B OFDM symbols. The compressed OFDM
symbol shown in FIG. 22 may be half the size (e.g., half the
number of bits) of the OFDM symbol of FIG. 21.

[0147] In one or more implementations, methods are pro-
vided for facilitating repetition in the frequency domain. In
an aspect, the repetition may be referred to as a duplication.
In some aspects, RU repetition in terms of the frequency
domain may be utilized because soft combining of the
received RUs may facilitate extension of communication
range and improved performance (e.g., such as for out-
doors). In some cases, without payload available for outdoor
circumstances, the large range of L-SIG/HE-SIG-A in the
preamble may be meaningless. In an aspect, the RU repeti-
tion may be referred to as RU duplication. In an aspect, a
duplicated mode in OFDMA may be applied to any RU(s).
[0148] In an aspect, a non-continuous RU that includes
two duplicated half-tone RUs may be assigned for (e.g.,
allocated to) a STA in OFDMA. In a case with limited
supported interleaver and tone mapper size, a WLAN device
may or may not be able to decode the non-continuous RU
(e.g., depending on the size of the non-continuous RU). For
example, if the interleaver and tone mapper are designed for
only the same number of tortes to RUs, assigning the
non-continuous RU for the station may only allow for
assigning of a non-continuous 52-tone RU that includes two
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26-tone RUs as shown in FIG. 23. In an aspect, any two
non-continuous 26-tone RUs could be paired with identical
content (e.g., HE-DATA) in any operating bandwidth chan-
nels. For instance, in FIG. 23, the two 26-tone RUs with gray
shading may be paired. In an aspect, the duplication of the
same content in multiple RUs may facilitate decoding of the
content by the receiver.

[0149] In an aspect, a continuous or non-continuous RU
including two (or more) duplicated RUs may be assigned for
STAs using RUs in OFDMA numerology. In this regard, any
size of RU may be allowed. For example, FIG. 24 illustrates
an example in which two identical 52-tone RUs (shaded in
gray) are paired.

[0150] In an aspect, the RU repetition may be applied to
a trigger frame, including a trigger frame that allocates RU
for random access, when robust coverage for communica-
tion links is desired. A trigger frame that allocates RU for
random access may be referred to as trigger frame-R. It is
noted that the trigger frame sent by the AP is utilized to
indicate that UL MU PPDUs are to be sent as an immediate
response to trigger frame.

[0151] Inacase where the trigger frame may be in a PPDU
that is to be transmitted to multiple (and/or random) STAs,
securing enough coverage may be helpful. FIG. 25A illus-
trates an example in which a non-continuous RU that
includes two duplicated half-tone RUs (such as shown in
NG. 23) may be assigned for (e.g., allocated to) a STA in
OFDMA. FIG. 25B illustrates an example in which a
non-continuous RU that includes two duplicated RUs (such
as shown in FIG. 24) may be assigned for (e.g., allocated to)
a STA in OFDMA.

[0152] In an aspect, the RU repetition may be applied to
a beacon frame, which may be duplicated on every 20 MHz
or through part of an operating channel bandwidth. A beacon
bit indicating duplicated mode may be in the HE information
element.

[0153] Repeated RUs position could be indicated one by
one, which may increase signaling overhead. For multi-user
OFDMA transmission, the signaling of the multi-RU signal
transmission (described above) can be conveyed either in the
common information or user specific information of SIG-B.
[0154] In one or more aspects, options are provided for
including control information indication associated with
repeated RUs.

[0155] Option A) Duplicated RUs paired with even (or
odd) indices within an entire/part of an operating bandwidth
or assigned resource for random access.

[0156] Option B) A first RU position in terms of frequency
index and one more subfield indicating equal distance
between paired RUs. They are within an entire/part of an
operating bandwidth or assigned resource for random
access.

[0157] In an aspect, since the transmission that utilizes
repetition in frequency can be used to improve reception
reliability of signals, such transmission may be utilized in
the extended range PPDU format, an example of which is
shown in FIG. 7. In an aspect, the transmission would still
utilize the RUs defined for the OFDMA numerology,
examples of which are shown in FIGS. 8A, 8B, and 8C.
[0158] For example, two 106 RUs may be used in
extended range PPDU format. The two 106 RUs can carry
identical data information. FIG. 26 illustrates an example of
a transmitted PPDU signal structure. The x-axis (horizontal)
represents the time domain and the y-axis (vertical) repre-
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sents the frequency domain. The lower frequency 106 RU is
a duplicate of (e.g., contains the same data as) the upper
frequency 106 RU.

[0159] FIG. 27 illustrates an example of a frequency
domain representation of a data field (e.g., HE-DATA field)
portion of a PPDU for the example of repeated 106 RU
transmission in 20 MHz PPDU. In an aspect, the two 106
RUs are from the OFDMA numerology for the 20 MHz
transmission. The empty tones in FIG. 26 may include the 26
tones and 7 DC tones between the two 106 RUs, which are
not used for the extended range PPDU. In an aspect, in FIG.
26, since the 20 MHz numerology includes only two 106
tones, the repeating of the information content in the two
106 tones need not be indicated. In an aspect, when the
extended range PPDU is transmitted, the extended range
PPDU is being transmitted such that the content in the two
106 tones are identical.

[0160] FIG. 28 illustrates an example of a frequency
domain representation of a data field (e.g., HE-DATA field)
portion of a PPDU for the example of repeated 52 RU
transmission in 20 MHz PPDU. In FIG. 28, four 52 RUs are
used for repeated signal transmission. Each of the 52 RU
contains identical data information content. The duplicated
information (e.g., HE-DATA field) is sent in each of the four
52 RU positioning using the OFDMA numerology for 20
MHz.

[0161] FIGS. 29 and 30 illustrate examples of a frequency
domain representation of a data field (e.g., HE-DATA field)
portion of a PPDU for the example of repeated 52 RU
transmission in 20 MHz PPDU. Two 52 RU are used for
repeated signal transmission. Each of the 52 RU contains
identical data information content. The duplicated informa-
tion is sent in each of the two 52 RU positioning using the
OFDMA numerology for 20 MHz. The difference between
the examples in FIGS. 29 and 30 are whether signals are
transmitted in the inner two 52 RUs or outer 52 RUs of the
20 MHz channel bandwidth. In an aspect, using the inner
two 52 RUs may have the benefit of having less interference
from adjacent 20 MHz channels.

[0162] In one aspect, information that is identically dupli-
cated in the frequency domain may cause higher peak to
average power ratio (PAPR). Signals resulting in higher
PAPR may likely be transmitted using a lower transmit
power, such that signal clipping and non-linear signal dis-
tortion does not occur. In an aspect, in order to avoid high
PAPR, it may be possible to scramble (e.g., multiply) the
duplicated signals with a different scramble sequence.
[0163] For example, in FIG. 27, the lower frequency 106
RU is regularly se e.g., without modification), while the
upper frequency 106 RU may be scrambled with a scram-
bling sequence in each OFDM symbol. Even if the two 106
RU contain the same content (e.g., content is repeated/
duplicated), the scrambling of the upper 106 RU may
mitigate (e.g., reduce) high PAPR of the transmission signal.
[0164] In another aspect, to reduce high PAPR, symmetric
mapping of signals ma be utilized. FIG. 31 illustrates an
example of a symmetric mapping of signals. The repeated
signals can be mirror symmetric (or conjugate mirror sym-
metric) mapping of data modulated tones (e.g., binary
phase-shift keying (BPSK) or quadrature phase-shift keying
(QPSK) modulated symbols) with respect to a center DC
tone. In some cases, a combination of mirror symmetric
signals and scrambling may be utilized to reduce high
PAPR.
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[0165] In an aspect, in case of dual carrier modulated
(DCM) signals, information content can be duplicated even
within a RU (either 106-, 52-, or 26-RU). The repetition for
robust transmission may be applied on top of the DCM. This
may effectively result in four times repeated signals for two
106 RU (or two 52 RU) transmission.

[0166] It should be noted that like reference numerals may
designate like elements. These components with the same
reference numerals have certain characteristics that are the
same, but as different figures illustrate different examples,
the same reference numeral does not indicate that a com-
ponent with the same reference numeral has the exact same
characteristics. While the same reference numerals are used
for certain components, examples of differences with respect
to a component are described throughout this disclosure.
[0167] The embodiments provided herein have been
described with reference to a wireless LAN system; how-
ever, it should be understood that these solutions are also
applicable to other network environments, such as cellular
telecommunication networks, wired networks, etc.

[0168] An embodiment of the present disclosure may be
an article of manufacture in which a non-transitory machine-
readable medium (such as microelectronic memory) has
stored thereon instructions which program one or more data
processing components (generically referred to here as a
“processor” or “processing unit”) to perform the operations
described herein. In other embodiments, some of these
operations may be performed by specific hardware compo-
nents that contain hardwired logic (e.g., dedicated digital
filter blocks and state machines). Those operations may
alternatively be performed by any combination of pro-
grammed data processing components and fixed hardwired
circuit components.

[0169] In some cases, an embodiment of the present
disclosure may be an apparatus e.g., an AP STA, a non-AP
STA, or another network or computing device) that includes
one or more hardware and software logic structure for
performing one or more of the operations described herein.
For example, as described above, the apparatus may include
a memory unit, which stores instructions that may be
executed by a hardware processor installed in the apparatus.
The apparatus may also include one or more other hardware
or software elements, including a network interface, a dis-
play device, etc.

[0170] FIGS. 32A, 32B, and 32C illustrate flow charts of
examples of methods for facilitating wireless communica-
tion. For explanatory and illustration purposes, the example
processes 3210, 3220, and 3230 may be performed by the
wireless communication devices 111-115 of FIG. 1 and their
components such as a baseband processor 210, a MAC
processor 211, a MAC software processing unit 212, a MAC
hardware processing unit 213, a PHY processor 215, a
transmitting signal processing unit 280 and/or a receiving
signal processing unit 290; however, the example processes
3210, 3220, and 3230 are not limited to the wireless com-
munication devices 111-115 of FIG. 1 or their components,
and the example processes 3210, 3220, 3230 may be per-
formed by some of the devices shown in FIG. 1, or other
devices or components. Further for explanatory and illus-
tration purposes, the blocks of the example processes 3210,
3220, 3230 are described herein as occurring in serial or
linearly. However, multiple blocks of the example processes
3210, 3220, 3230 may occur in parallel. In addition, the
blocks of the example processes 3210, 3220, 3230 need not
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be performed in the order shown and/or one or more of the
blocks/actions of the example processes 3210, 3220, 3230
need not be performed.

[0171] Various examples of aspects of the disclosure are
described below as clauses for convenience. These are
provided as examples, and do not limit the subject technol-
ogy. As an example, some of the clauses described below are
illustrated in FIGS. 32A, 32B, and 32C.

[0172] Clause A. An access point for facilitating commu-
nication in a wireless network for a multi-user transmission,
the access point comprising: one or more memories; and one
or more processors coupled to the one or more memories,
the one or more processors configured to cause: generating
a first frame for allocating resources to a plurality of stations,
wherein the first frame contains an indication as to whether
at least one of a set of resource units of a plurality of
resource units is allocated to at least one station of the
plurality of stations; and transmitting the first frame to the
plurality of stations for the multi-user transmission, wherein
the multi-user transmission is associated with a first channel
bandwidth or a second channel bandwidth, wherein a size of
the second channel bandwidth is different from a size of the
first channel bandwidth, and wherein the at least one of the
set of resource units consists of a resource unit, two of a
plurality of tones of the resource unit being separated by a
plurality of direct current (DC) tones.

[0173] Clause B. A computer-implemented method of
facilitating communication in a wireless network for a
multi-user transmission, the computer-implemented method
comprising: receiving, at a first station, a first frame from a
second station for allocating resources to a plurality of
stations; determining, based on an indication contained in
the first frame, whether at least one of a set of resource units
of a plurality of resource units is allocated to the first station,
wherein at least one of a first HE-SIG-B field of the first
frame or a second HE-SIG-B field of the first frame com-
prises a station specific subfield associated with the at least
one of the set of resource units of the plurality of resource
units when the at least one of the set of resource units is
allocated; and transmitting, for the multi-user transmission,
a second frame using the at least one of the set of resource
units to the plurality of stations when the at least one of the
set of resource units is allocated to the first station, wherein:
the first HE-SIG-B field is associated with a first portion of
a channel bandwidth, and the second HE-SIG-B field is
associated with a second portion of the channel bandwidth,
the channel bandwidth is associated with a first bandwidth
size or a second bandwidth size, wherein the second band-
width size is different from the first bandwidth size, and the
at least one of the set of resource units consists of a resource
unit, two of a plurality of tones of the resource unit being
separated by a plurality of direct current (DC) tones.
[0174] Clause C. A station for facilitating communication
in a wireless network for a multi-user transmission, the
station comprising: one or more memories; and one or more
processors coupled to the one or more memories, the one or
more processors configured to cause: receiving a first frame
for allocating resources to a plurality of stations; determin-
ing, based on an indication contained in the first frame,
whether at least one of a set of resource units of a plurality
of resource units is allocated to the station; and transmitting,
for the multi-user transmission, a second frame using one or
more of the plurality of resource units based on the first
frame, wherein the multi-user transmission is associated
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with a first channel bandwidth or a second channel band-
width, wherein a size of the second channel bandwidth is
different from a size of the first channel bandwidth, and
wherein the at least one of the set of resource units consists
of a resource unit, two of a plurality of tones of the resource
unit being separated by a plurality of direct current (DC)
tones.

[0175] In one or more aspects, additional clauses are
described below.

[0176] A method comprising one or more methods or
operations described herein.

[0177] An apparatus or a station comprising one or more
memories (e.g., 240, one or more internal, external or remote
memories, or one or more registers) and one or more
processors (e.g., 210) coupled to the one or more memories,
the one or more processors configured to cause the apparatus
to perform one or more methods or operations described
herein.

[0178] An apparatus or a station comprising one or more
memories (e.g., 240, one or more internal, external or remote
memories, or one or more registers) and one or more
processors (e.g., 210 or one or more portions), wherein the
one or more memories store instructions that, when executed
by the one or more processors, cause the one or more
processors to perform one or more methods or operations
described herein.

[0179] An apparatus or a station comprising means (e.g.,
210) adapted for performing one or more methods or opera-
tions described herein.

[0180] A computer-readable storage medium e.g., 240,
one or more internal, external or remote memories, or one or
more registers) comprising instructions stored therein, the
instructions comprising code for performing one or more
methods or operations described herein.

[0181] A computer-readable storage medium (e.g., 240,
one or more internal, external or remote memories, or one or
more registers) storing instructions that, when executed by
one or more processors (e.g., 210 or one or more portions),
cause the one or more processors to perform one or more
methods or operations described herein.

[0182] In one aspect, a method may be an operation, an
instruction, or a function and vice versa. In one aspect, a
clause may be amended to include some or all of the words
(e.g., instructions, operations, functions, or components)
recited in other one or more clauses, one or more sentences,
one or more phrases, one or more paragraphs, and/or one or
more claims.

[0183] To illustrate the interchangeability of hardware and
software, items such as the various illustrative blocks,
modules, components, methods, operations, instructions,
and algorithms have been described generally in terms of
their functionality. Whether such functionality is imple-
mented as hardware or software depends upon the particular
application and design constraints imposed on the overall
system. Skilled artisans may implement the described func-
tionality in varying ways for each particular application.
[0184] A reference to an element in the singular is not
intended to mean one and only one unless specifically so
stated, but rather one or more. For example, “a” module may
refer to one or more modules. An element proceeded by “a,”
“an,” “the,” or “said” does not, without further constraints,
preclude the existence of additional same elements.

[0185] Headings and subheadings, if any, are used for
convenience only and do not limit the invention. The word
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exemplary is used to mean serving as an example or illus-
tration. To the extent that the term include, have, or the like
is used, such term is intended to be inclusive in a manner
similar to the term comprise as comprise is interpreted when
employed as a transitional word in a claim. Relational terms
such as first and second and the like may be used to
distinguish one entity or action from another without nec-
essarily requiring or implying any actual such relationship or
order between such entities or actions.

[0186] Phrases such as an aspect, the aspect, another
aspect, some aspects, one or more aspects, an implementa-
tion, the implementation, another implementation, some
implementations, one or more implementations, an embodi-
ment, the embodiment, another embodiment, some embodi-
ments, one or more embodiments, a configuration, the
configuration, another configuration, some configurations,
one or more configurations, the subject technology, the
disclosure, the present disclosure, other variations thereof
and alike are for convenience and do not imply that a
disclosure relating to such phrase(s) is essential to the
subject technology or that such disclosure applies to all
configurations of the subject technology. A disclosure relat-
ing to such phrase(s) may apply to all configurations, or one
or more configurations. A disclosure relating to such phrase
(s) may provide one or more examples. A phrase such as an
aspect or some aspects may refer to one or more aspects and
vice versa, and this applies similarly to other foregoing
phrases.

[0187] A phrase “at least one of” preceding a series of
items, with the terms “and” or “or” to separate any of the
items, modifies the list as a whole, rather than each member
of the list. The phrase “at least one of” does not require
selection of at least one item; rather, the phrase allows a
meaning that includes at least one of any one of the items,
and/or at least one of any combination of the items, and/or
at least one of each of the items. By way of example, each
of the phrases “at least one of A, B, and C” or “at least one
of A, B, or C” refers to only A, only B, or only C; any
combination of A. B, and C; and/or at least one of each of
A, B, and C.

[0188] It is understood that the specific order or hierarchy
of steps, operations, or processes disclosed is an illustration
of'exemplary approaches. Unless explicitly stated otherwise,
it is understood that the specific order or hierarchy of steps,
operations, or processes may be performed in different order.
Some of the steps, operations, or processes may be per-
formed simultaneously. The accompanying method claims,
if any, present elements of the various steps, operations or
processes in a sample order, arid are not meant to be limited
to the specific order or hierarchy presented. These may be
performed in serial, linearly, in parallel or in different order.
It should be understood that the described instructions,
operations, and systems can generally be integrated together
in a single software/hardware product or packaged into
multiple software/hardware products.

[0189] The disclosure is provided to enable any person
skilled in the art to practice the various aspects described
herein. In some instances, well-known structures and com-
ponents are shown in block diagram form in order to avoid
obscuring the concepts of the subject technology. The dis-
closure provides various examples of the subject technology,
and the subject technology is not limited to these examples.
Various modifications to these aspects will be readily appar-
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ent to those skilled in the art, and the principles described
herein may be applied to other aspects.

[0190] Al structural and functional equivalents to the
elements of the various aspects described throughout the
disclosure that are known or later come to be known to those
of ordinary skill in the art are expressly incorporated herein
by reference and are intended to be encompassed by the
claims. Moreover, nothing disclosed herein is intended to be
dedicated to the public regardless of whether such disclosure
is explicitly recited in the claims. No claim element is to be
construed under the provisions of 35 U.S.C. §112, sixth
paragraph, unless the element is expressly recited using a
phrase means for or, in the case of a method claim, the
element is recited using the phrase step for.

[0191] The title, background, brief description of the
drawings, abstract, and drawings are hereby incorporated
into the disclosure and are provided as illustrative examples
of the disclosure, not as restrictive descriptions. It is sub-
mitted with the understanding that they will not be used to
limit the scope or meaning of the claims. In addition, in the
detailed description, it can be seen that the description
provides illustrative examples and the various features are
grouped together in various implementations for the purpose
of streamlining the disclosure. The method of disclosure is
not to be interpreted as reflecting an intention that the
claimed subject matter requires more features than are
expressly recited in each claim. Rather, as the following
claims reflect, inventive subject matter lies in less than all
features of a single disclosed configuration or operation. The
following claims are hereby incorporated into the detailed
description, with each claim standing on its own as a
separately claimed subject matter.

[0192] The claims are not intended to be limited to the
aspects described herein, but are to be accorded the full
scope consistent with the language claims and to encompass
all legal equivalents. Notwithstanding, none of the claims
are intended to embrace subject matter that fails to satisfy
the requirements of the applicable patent law, nor should
they be interpreted in such a way.

What is claimed is:

1. An access point for facilitating communication in a
wireless network for a multi-user transmission, the access
point comprising:

one or more memories; and

one or more processors coupled to the one or more

memories, the one or more processors configured to

cause:

generating a first frame for allocating resources to a
plurality of stations, wherein the first frame contains
an indication as to whether at least one of a set of
resource units of a plurality of resource units is
allocated to at least one station of the plurality of
stations; and

transmitting the first frame to the plurality of stations
for the multi-user transmission,

wherein the multi-user transmission is associated with
a first channel bandwidth or a second channel band-
width, wherein a size of the second channel band-
width is different from a size of the first channel
bandwidth, and

wherein the at least one of the set of resource units
consists of a resource unit, two of a plurality of tones
of the resource unit being separated by a plurality of
direct current (DC) tones.
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2. The access point of claim 1, wherein the indication is
contained in a high efficiency signal-B (HE-SIG-B) field of
the first frame.
3. The access point of claim 2, wherein the indication is
contained within a common block field of the HE-SIG-B
field.
4. The access point of claim 1, wherein the resource unit
is a center resource unit consisting of 26 tones.
5. The access point of claim 1, wherein:
the first frame comprises a first high efficiency signal-B
(HE-SIG-B) field and a second HE-SIG-B field,

each of the first HE-SIG-B field and the second HE-
SIG-B field is associated with a respective portion of a
channel bandwidth, and

the first HE-SIG-B field and the second HE-SIG-B field

each contains the indication.

6. The access point of claim 5, wherein:

the first HE-SIG-B field comprises a common block field

of a first content channel,

the second HE-SIG-B field comprises a common block

field of a second content channel, and

each of the common block field of the first content

channel and the common block field of the second
content channel contains the indication.

7. The access point of claim 5, wherein a station specific
subfield is included at an end of the first HE-SIG-B field or
the second HE-SIG-B field.

8. The access point of claim 5, wherein, when the at least
one of the set of resource units of the plurality of resource
units is allocated, the one or more processors are further
configured to cause:

determining, based on the channel bandwidth, which one

of the first HE-SIG-B field or the second HE-SIG-B
field to include a station specific subfield associated
with the at least one of the set of resource units of the
plurality of resource units that is allocated,

wherein the generating is based on the determining.

9. The access point of claim 1, wherein the size of the first
channel bandwidth is 80 MHz, and wherein the size of the
second channel bandwidth is 160 MHz or 80+80 MHz.

10. The access point of claim 1, wherein the first frame
contains type information of a plurality of station specific
subfields.

11. The access point of claim 10, wherein the type
information of each of the plurality of station specific
subfields is a single user allocation type or a multi-user
allocation type.

12. The access point of claim 10, wherein the type
information is contained within a common block field of a
high efficiency signal-B (HE-SIG-B) field.

13. A computer-implemented method of facilitating com-
munication in a wireless network for a multi-user transmis-
sion, the computer-implemented method comprising:

receiving, at a first station, a first frame from a second

station for allocating resources to a plurality of stations;
determining, based on an indication contained in the first
frame, whether at least one of a set of resource units of
a plurality of resource units is allocated to the first
station, wherein at least one of a first high efficiency
signal-B (HE-SIG-B) field of the first frame or a second
HE-SIG-B field of the first frame comprises a station
specific subfield associated with the at least one of the

18

51

Feb. 9, 2017

set of resource units of the plurality of resource units
when the at least one of the set of resource units is
allocated; and

transmitting, for the multi-user transmission, a second

frame using the at least one of the set of resource units
when the at least one of the set of resource units is
allocated to the first station,

wherein:

the first HE-SIG-B field is associated with a first
portion of a channel bandwidth, and the second
HE-SIG-B field is associated with a second portion
of the channel bandwidth,

the channel bandwidth is associated with a first band-
width size or a second bandwidth size, wherein the
second bandwidth size is different from the first
bandwidth size, and

the at least one of the set of resource units consists of
a resource unit, two of a plurality of tones of the
resource unit being separated by a plurality of direct
current (DC) tones.

14. The computer-implemented method of claim 13,
wherein the station specific subfield is included as a last
element of at least one of the first HE-SIG-B field or the
second HE-SIG-B field, when the at least one of the set of
resource units is allocated.

15. The computer-implemented method of claim 13,
wherein the indication is contained in each of the first
HE-SIG-B field and the second HE-SIG-B field.

16. A station for facilitating communication in a wireless
network for a multi-user transmission, the station compris-
ing:

one or more memories; and

one or more processors coupled to the one or more

memories, the one or more processors configured to

cause:

receiving a first frame for allocating resources to a
plurality of stations;

determining, based on an indication contained in the
first frame, whether at least one of a set of resource
units of a plurality of resource units is allocated to a
station; and

transmitting, for the multi-user transmission, a second
frame using one or more of the plurality of resource
units based on the first frame,

wherein the multi-user transmission is associated with
a first channel bandwidth or a second channel band-
width, wherein a size of the second channel band-
width is different from a size of the first channel
bandwidth, and

wherein the at least one of the set of resource units
consists of a resource unit, two of a plurality of tones
of the resource unit being separated by a plurality of
direct current (DC) tones.

17. The station of claim 16, wherein a station specific
subfield associated with the at least one of the set of resource
units is contained at an end of a high efficiency signal-B
(HE-SIG-B) field when the indication is set to a value
indicative of the at least one of the set of resource units being
allocated.

18. The station of claim 16, wherein:

the first frame comprises a first high efficiency signal-B

(HE-SIG-B) field and a second HE-SIG-B field,
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each of the first HE-SIG-B field and the second HE-
SIG-B field is associated with a respective portion of a
channel bandwidth, and

the first HE-SIG-B field and the second HE-SIG-B field

contain the indication.

19. The station of claim 16, wherein at least one of a first
high efficiency signal-B (HE-SIG-B) field of the first frame
or a second HE-SIG-B field of the first frame comprises a
station specific subfield associated with the at least one of
the set of resource units when the at least one of the set of
resource units is allocated.

20. The station of claim 16, wherein the one or more
processors are further configured to cause:

determining, based on type information contained within

a common block field of a high efficiency signal-B
(HE-SIG-B) field, a type of a station specific subfield
that is allocated to the station.

21. The station of claim 20, wherein the type of the station
specific subfield is a single user allocation type or a multi-
user allocation type.

52





