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BANDWIDTH AND SUB-CHANNEL
INDICATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 62/200,368 filed Aug. 3, 2015 the
disclosure of which is incorporated herein by reference as if
set forth in full.

TECHNICAL FIELD

[0002] This disclosure generally relates to systems and
methods for wireless communications and, more particu-
larly, to a bandwidth and sub-channel indication system in
wireless communications.

BACKGROUND

[0003] Wireless devices are becoming widely prevalent
and are increasingly requesting access to wireless channels.
A next generation WLAN, IEEE 802.11ax or High-Effi-
ciency WLAN (HEW), is under development. HEW utilizes
Orthogonal Frequency-Division Multiple Access (OFDMA)
in channel allocation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 depicts a network diagram illustrating an
example network environment of an illustrative bandwidth
and sub-channel indication system, according to one or more
example embodiments of the disclosure.

[0005] FIG. 2 depicts an illustrative schematic diagram of
a contiguous channel.

[0006] FIG. 3 depicts an illustrative schematic diagram of
a non-contiguous channel in a bandwidth and sub-channel
indication system, in accordance with one or more example
embodiments of the present disclosure.

[0007] FIG. 4 depicts an illustrative schematic diagram of
a bandwidth and sub-channel indication system, in accor-
dance with one or more example embodiments of the present
disclosure.

[0008] FIG. 5 depicts an illustrative schematic diagram of
a bandwidth and sub-channel indication system, in accor-
dance with one or more example embodiments of the present
disclosure.

[0009] FIG. 6A depicts a flow diagram of an illustrative
process for an illustrative bandwidth and sub-channel indi-
cation system, in accordance with one or more embodiments
of the disclosure.

[0010] FIG. 6B depicts a flow diagram of an illustrative
process for an illustrative bandwidth and sub-channel indi-
cation system, in accordance with one or more embodiments
of the disclosure.

[0011] FIG. 7 illustrates a functional diagram of an
example communication station that may be suitable for use
as a user device, in accordance with one or more example
embodiments of the disclosure.

[0012] FIG. 8 is a block diagram of an example machine
upon which any of one or more techniques (e.g., methods)
may be performed, in accordance with one or more embodi-
ments of the disclosure.
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DETAILED DESCRIPTION

[0013] The following description and the drawings suffi-
ciently illustrate specific embodiments to enable those
skilled in the art to practice them. Other embodiments may
incorporate structural, logical, electrical, process, and other
changes. Portions and features of some embodiments may
be included in, or substituted for, those of other embodi-
ments. Embodiments set forth in the claims encompass all
available equivalents of those claims.

[0014] In legacy Wi-Fi systems (e.g., IEEE 802.11 a/g/n/
etc.), a communications channel between two or more
devices may be contiguous in frequency. A contiguous
frequency channel is a channel that contains one or more
subchannels that are adjacent to each other as opposed to a
non-contiguous frequency channel, which may contain one
or more subchannels separated by one or more frequency
gaps. In recent Wi-Fi systems, non-contiguous channel
allocation may be implemented. Within an 80 MHz fre-
quency band, there may be one or more 20 MHz subchan-
nels. A device may use one or more of these 20 MHz
subchannels when communicating with another device. In
certain conditions, the device may determine that one of the
20 MHz subchannel is unusable. Some of these conditions
may be due to interference caused by nearby device oper-
ating on the same subchannel, adjacent channels, noise,
obstacles, or the like. The remaining usable 20 MHz sub-
channels may form a contiguous or non-contiguous channel.
However, in case of one or more unusable 20 MHz sub-
channels, the transmitting device may need to inform the
receiving device of which 20 MHz subchannels are used for
the transmission. This may require an indication scheme for
signaling the non-contiguous frequencies to the receiving
device in order to assist the receiving device in determining
which subchannels are used.

[0015] Example embodiments of the present disclosure
relate to systems, methods, and devices for bandwidth and
sub-channel indications. During a communication session
between multiple devices, a transmitting device may occupy
multiple 20 MHz subchannels in a variety of frequency
bands (e.g., 40/80/160 MHz bands, etc.) of a communication
channel. In one embodiment, bandwidth indication of device
allocation may need to be extended for the per-20 MHz
encoding. For example, a device may utilize one or more
fields within the preamble of a data or control or manage-
ment packet (e.g., HE-SIG-A field in a high-efficiency
preamble) to indicate which 20 MHz subchannel(s) are used.
In one embodiment, a transmitting device may allocate a
number of bits used within the HE-SIG-A field (e.g., 3 to 7
bits) to indicate which 20 MHz subchannels are used. In
another embodiment, after determining that one or more 20
MHz subchannels are not used, the transmitting device may
reduce the size of the common part of the HE-SIG-B field.
For example, the transmitting device may reduce the size of
the common part of the HE-SIG-B field when the total
channel bandwidth is reduced e.g. from primary 80 MHz
down to primary 40 MHz, where some 20 MHz subchannel
in the primary channels may not be usable. In another
embodiment, sub-channel groups for two parallel HE-SIG-B
encoding streams may be introduced in order to facilitate the
indication of resource allocation. In another embodiment,
the resource unit (RU) allocation pattern may be extended to
cover 484 and 996 tone resource units (RUs).

[0016] FIG.1 is a network diagram illustrating an example
network environment, according to some example embodi-
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ments of the present disclosure. Wireless network 100 can
include one or more user devices 120 and one or more access
point(s) (AP) 102, which may communicate in accordance
with IEEE 802.11 communication standards, including
IEEE 802.11ax (HEW). The user device(s) 120 may be
mobile devices that are non-stationary and do not have fixed
locations.

[0017] In some embodiments, the user devices 120 may
include one or more computer systems similar to that of the
functional diagram of FIG. 7 and/or the example machine/
system of FIG. 8.

[0018] One or more illustrative user device(s) 120 may be
operable by one or more user(s) 110. The user device(s) 120
(e.g., 124, 126, or 128) may include any suitable processor-
driven user device including, but not limited to, a desktop
user device, a laptop user device, a server, a router, a switch,
an access point, a smartphone, a tablet, wearable wireless
device (e.g., bracelet, watch, glasses, ring, etc.) and so forth.
[0019] Any of the user device(s) 120 (e.g., user devices
124, 126, 128), and AP 102 may be configured to commu-
nicate with each other via one or more communications
networks 130 and/or 135 wirelessly or wired. Any of the
communications networks 130 and/or 135 may include, but
not limited to, any one of a combination of different types of
suitable communications networks such as, for example,
broadcasting networks, cable networks, public networks
(e.g., the Internet), private networks, wireless networks,
cellular networks, or any other suitable private and/or public
networks. Further, any of the communications networks 130
and/or 135 may have any suitable communication range
associated therewith and may include, for example, global
networks (e.g., the Internet), metropolitan area networks
(MANSs), wide area networks (WANS), local area networks
(LANSs), or personal area networks (PANs). In addition, any
of the communications networks 130 and/or 135 may
include any type of medium over which network traffic may
be carried including, but not limited to, coaxial cable,
twisted-pair wire, optical fiber, a hybrid fiber coaxial (HFC)
medium, microwave terrestrial transceivers, radio frequency
communication mediums, white space communication
mediums, ultra-high frequency communication mediums,
satellite communication mediums, or any combination
thereof.

[0020] Any of the user device(s) 120 (e.g., user devices
124, 126, 128), and AP 102 may include one or more
communications antennae. Communications antenna may
be any suitable type of antenna corresponding to the com-
munications protocols used by the user device(s) 120 (e.g.,
user devices 124, 124 and 128), and AP 102. Some non-
limiting examples of suitable communications antennas
include Wi-Fi antennas, Institute of Electrical and Electron-
ics Engineers (IEEE) 802.11 family of standards compatible
antennas, directional antennas, non-directional antennas,
dipole antennas, folded dipole antennas, patch antennas,
multiple-input multiple-output (MIMO) antennas, or the
like. The communications antenna may be communicatively
coupled to a radio component to transmit and/or receive
signals, such as communications signals to and/or from the
user devices 120.

[0021] Any of'the user devices 120 (e.g., user devices 124,
126, 128), and AP 102 may include any suitable radio and/or
transceiver for transmitting and/or receiving radio frequency
(RF) signals in the bandwidth and/or channels correspond-
ing to the communications protocols utilized by any of the
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user device(s) 120 and AP 102 to communicate with each
other. The radio components may include hardware and/or
software to modulate and/or demodulate communications
signals according to pre-established transmission protocols.
The radio components may further have hardware and/or
software instructions to communicate via one or more Wi-Fi
and/or Wi-Fi direct protocols, as standardized by the Insti-
tute of Electrical and Electronics Engineers (IEEE) 802.11
standards. In certain example embodiments, the radio com-
ponent, in cooperation with the communications antennas,
may be configured to communicate via 2.4 GHz channels
(e.g. 802.11b, 802.11g, 802.11n), 5 GHz channels (e.g.
802.11n, 802.11ac), or 60 GHZ channels (e.g. 802.11ad). In
some embodiments, non-Wi-Fi protocols may be used for
communications between devices, such as Bluetooth, dedi-
cated short-range communication (DSRC), Ultra-High Fre-
quency (UHF) (e.g. IEEE 802.11af, IEEE 802.22), white
band frequency (e.g., white spaces), or other packetized
radio communications. The radio component may include
any known receiver and baseband suitable for communicat-
ing via the communications protocols. The radio component
may further include a low noise amplifier (LNA), additional
signal amplifiers, an analog-to-digital (A/D) converter, one
or more buffers, and digital baseband.

[0022] When an AP (e.g., AP 102) establishes communi-
cation with one or more user devices 120 (e.g., user devices
124, 126, and/or 128), the AP 102 may communicate in a
downlink direction and the user devices 120 may commu-
nicate with the AP 102 in an uplink direction by sending data
frames in either direction. The data frames may be preceded
by one or more preambles that may be part of one or more
headers. These preambles may be used to allow a device
(e.g., AP 102 and/or user devices 120) to detect a new
incoming data frame from another device. A preamble may
be a signal used in network communications to synchronize
transmission timing between two or more devices (e.g.,
between the APs and user devices).

[0023] In one embodiment, and with reference to FIG. 1,
an HEW preamble (e.g., preamble 140) may include at least
in part, a high efficiency signal field A (HE-SIG-A), a high
efficiency signal field B (HE-SIG-B), a high efficiency short
training field (HE-STF), a high efficiency long training field
(HE-LTF), and one or more data fields that may contain the
data to be transmitted from one device to another. It is
understood that the above acronyms may be different and not
to be construed as a limitation as other acronyms maybe
used for the fields included in an HEW preamble.

[0024] The fields that may be transmitted between the AP
102 and user devices 120 may utilize one or more subchan-
nels of a frequency band. Referring to FIG. 1, an 80 MHz
channel having four 20 MHz subchannels is depicted. Some
of these 20 MHz subchannels may be unusable. In that case,
the frequency band may be punctured and may be consid-
ered to be a non-contiguous channel. However, if all the 20
MHz subchannels are usable, then the frequency band may
be considered contiguous. It is understood that contiguous
channel indicate that there is no gap between the one or more
subchannels used for the transmission of data between two
devices (e.g., between AP 102 and user device(s) 120).
Further, the subchannels of the frequency band (e.g., 20
MHz subchannels) may be designated as primary or sec-
ondary subchannels. A primary channel is first established
between devices, and the secondary channel adds a sub-
channel (e.g., 20 MHz) to the primary channel to make a
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larger channel. The secondary channel may be either the
channel above or the channel below the primary channel or
may be separated by a frequency gap.

[0025] FIG. 2 depicts an illustrative schematic diagram of
a non-contiguous channel in a bandwidth and sub-channel
indication system, in accordance with one or more example
embodiments of the present disclosure.

[0026] A non-contiguous channel signifies that within a
frequency band, at least one of the subchannels of that
frequency band is unusable. A subchannel that is unusable
within the one or more subchannels of a frequency band may
be due to interference from various sources, such as, adja-
cent channels, noise, obstacles, etc . . . In the example of
FIG. 2, a 20 MHz subchannel may be removed or punctured
out (e.g., subchannel 206) because the subchannel may be
unusable. Although the unusable 20 MHz subchannel may
be punctured out, some information may still be sent on that
subchannel. That is, on the punctured 20 MHz subchannel,
there may be no data signal being sent but preamble signals
such as HE-SIG-A, HE-SIG-B, and HE-STF and HE-LTF
may be sent.

[0027] In one embodiment, a transmitting device may
need to signal the receiving device which 20 MHz subchan-
nels are used (e.g., 20 MHz subchannels 202, 204 and 208)
for data transmission. In order to indicate that 20 MHz
subchannels 202, 204 and 208 are used, an indication may
need to be sent to the receiving device. For example, for
signaling the used 20 MHz subchannels in a physical layer
convergence protocol (PLCP) protocol data unit (PPDU),
indication bits may be placed in HE-SIG-A such that the
receiving device may be able to determine which 20 MHz
subchannels are used. The HE-SIG-A content may be
encoded within any 20 MHz subchannel (20 MHz subchan-
nels 202, 204 or 208) and repeated on all used 20 MHz
subchannels. Since 80 MHz may be a mode used in 802.
1lax (HEW), the primary 20 MHz subchannel may be
known by each device (e.g., user devices 120) in the
coverage area, where each device may listen for the primary
subchannel. The transmitting device may acquire a primary
20 MHz subchannel for each transmission to a receiving
device and vice versa. Therefore, there may be no need to
indicate the presence of the primary 20 MHz subchannel.
That is, the transmitting device may not need to notify the
receiving device that the primary 20 MHz subchannel is
used. In an 80 MHz frequency band, there may be a need for
3 bits to indicate the presence of the other three secondary
20 MHz subchannels (e.g., one bit for each used subchan-
nel).

[0028] In one embodiment, for a 160 MHz channel, there
may be two options for indicating to a receiving device
which 20 MHz subchannels are used during data transmis-
sion from a transmitting device when only one primary 20
MHz subchannel is used. Since there are eight secondary 20
MHz subchannels in a 160 MHz channel, and no need to
notify a transmitting device of the primary charnel, then
seven 20 MHz subchannels may possibly need to be indi-
cated to a receiving device. Consequently, a transmitting
device may need to utilize around 7 bits to indicate the
presence of the 7 secondary 20 MHz subchannels. These
indication bits may be part of the HE-SIG-A field of the
preamble sent from a transmitting device to a receiving
device. However, utilizing 7 bits within the HE-SIG-A field
may incur additional overhead in the HE-SIG-A field.
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[0029] FIG. 3 depicts an illustrative Table 300 for sub-
channel configuration, in accordance with one or more
example embodiments of the present disclosure.

[0030] In another embodiment, a subchannel configura-
tion table (e.g., Table 300) may be defined that accounts for
a subset of useful configurations that may be used to indicate
to the receiving device which 20 MHz subchannel is used or
not used. This may result in a lower number of indication
bits since not all configurations are reported in Table 300.
Consequently, the number of configuration bits may be less
than 7 bits (e.g., 4 or 5 bits). For example, since 4 bits
provides 16 possible combinations (e.g., 0000, 0001, 0010,
0011, 0100, 0101, 0110, 0111, 1000, 1001, 1010, 1011,
1100, 1101, 1110, and 1111), the transmitting device may be
able to indicate using these four bits up to 16 possible usages
of 20 MHz subchannels.

[0031] In one embodiment, a bandwidth subchannel indi-
cation system may allocate one or more indication bits of the
HE-SIG-A field to be used as an indication of the bandwidth
of the transmission and/or an indication of the subchannels
that are used and/or not used for the transmission. The
bandwidth indication may have the same format for all
channel band sizes (e.g., 20/40/80/160 MHz channel bands)
since the receiving device (e.g., AP 102 and/or user devices
120 of FIG. 1) may not know the bandwidth before decoding
the HE-SIG-A field. Therefore, the bandwidth indication
format may remain constant for all channel band sizes. For
example, around 3-7 bits may be used for bandwidth indi-
cation. If 4 bits is used, eight out of the 16 configurations
may the same since all possible 20 MHz subchannel con-
figurations in an 80 MHz channel may be indicated by 3 bits.
The eight configurations may be enough to cover configu-
rations associated with 20/40/80 MHz frequency bands. On
the other hand, frequency bands higher than the 80 MHz
frequency may not be completely represented using 4 bits.
[0032] Table 300 shows an example of 4-bit indication
that may be used by a transmitting device (e.g., AP 102
and/or user devices 120 of FIG. 1) to notify a receiving
device (e.g., AP 102 and/or user devices 120 of FIG. 1) of
which subchannels are used or not used. Table 300 may be
used for indicating the usage of 20 MHz subchannels in any
of 20/40/80/160 frequency bands. Column 302 shows the
primary subchannel usage, where P denotes the primary 20
MHz subchannel. Columns 304, show the usage of seven 20
MHz secondary subchannels, where S, denotes each of
the secondary 20 MHz subchannel. Further, each entry in
Table 300 shows whether a 20 MHz subchannel is used or
not, where X denotes a used subchannel in the configuration
and a blank entry denotes that a subchannel is not used. In
this example, the primary 20 MHz subchannel is assumed to
be always used in the configuration. Hence, each entry in
Table 300 shows an X under the P column. In the example,
P and S1 form the primary 40 MHz channel; P, S1, S3, and
S4 for the primary 80 MHz channel.

[0033] In one embodiment, for a 160 MHz channel, if
there are two primary 20 MHz subchannels, then the 3-bit
design for 80MHz channel may be reused here. The 160
MHz channel may be divided into two 80 MHz subchannels,
each of which has a primary 20 MHz subchannel that the
receiving device may listen to. The bandwidth indication
fields of the two primary 20 MHz subchannels may be
different and independent.

[0034] In one embodiment, the size of the common part of
the HE-SIG-B field may be reduced. The size of HE-SIG-B
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may be reduced after a puncturing out of subchannel. For
example, the transmitting device may reduce the size of the
common part of the HE-SIG-B field when the total channel
bandwidth is reduced e.g. from primary 80 MHz down to
primary 40 MHz, when some 20 MHz subchannel in the
primary channels are not be usable. The common part size
varies with the total used bandwidth in the corresponding
subchannel group. Each subchannel group has its common
part. 20 MHz channel has one subchannel group. 40 MH
channel has two subchannel groups. 80 and 160 MHz
channels have two subchannel groups. The common part in
80 MHz subchannel group should be longer than that in 40
MHz subchannel group even though some 20 MH subchan-
nel may not be used. This simplifies the implementation
because the common part only varies with the total band-
width not total used bandwidth. For example, the common
part has 8 bits for RU allocation for each 20 MHz subchan-
nel in the subchannel group regardless whether the subchan-
nel is used or not. For example, after a 20 MHz subchannel
is punctured out (e.g., not used), the indication for resource
unit (RU) allocation may be simplified, which may result in
a reduction in overhead. For example, each 20 MHz sub-
channel may take about 8-9 bits for RU allocation that
partitions the frequency bandwidth into RUs and may allo-
cate the RUs to users. If a 20 MHz subchannel is not used,
then the usable bandwidth may reduce and the number of
indication bits for RU allocation may be reduced by about
8-9 bits. The RU allocation bits may be in the common part
of HE-SIG-B.

[0035] In some embodiments, there may be no common
part in HE-SIG-B. For example, the RU allocation indica-
tion may be in the user’s specific part. Because the sub-
channel puncturing may reduce the usable bandwidth, the
indication bits for the per-user RU allocation may be
reduced accordingly. Each 20 MHz subchannel may include
about 16 different per-user RU allocations. Therefore, the
number of RU allocations may be reduced by about 16 after
one 20 MHz subchannel is punctured. In some embodi-
ments, the RU allocation is not in HE-SIG-B. Instead, it is
the MAC payload of a trigger frame e.g. sent by the AP for
scheduling multiuser uplink transmissions. The reduction of
allocation bits may be applied to the trigger frame.

[0036] FIG. 4 depicts an illustrative schematic diagram of
a bandwidth and sub-channel indication system, in accor-
dance with one or more example embodiments of the present
disclosure.

[0037] In one embodiment, the channel may be divided
into two or more subchannel groups. For example, in an 80
MHz frequency band, there may be four 20 MHz subchan-
nels. One or more of the four 20 MHz subchannels may form
a subchannel group. For example, two subchannel groups
(e.g., subchannel groups 402 and 404), may each include
two 20 MHz subchannels. However, the 20 MHz subchan-
nels of each subchannel group 402 and/or 404 may be
contiguous or non-contiguous. Each subchannel group 402
and/or 404 may be indicated by an allocation within the
HE-SIG-B stream. That is, subchannel group 1 is indicated
by HE-SIG-B1 and subchannel group 2 is indicated by
HE-SIG-B 2. HE-SIG-B1 may contain information, such as,
resource allocation, user device ID, and modulation encod-
ing scheme (MCS) for subchannel group 1 (e.g., subchannel
group 402), and HE-SIG-B 2 may contain information for
subchannel group 2 (e.g., subchannel group 404).
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[0038] In one embodiment, the one or more subchannel
groups may be indicated by HE-SIG-B streams from differ-
ent 20 MHz subchannels. For example, FIG. 4(a) shows a
contiguous subchannel group. For FIG. 4(a), one copy of the
HE-SIG-B. stream may be in the same subchannel group as
the corresponding data but the other copy of HE-SIG-B
stream may be in the other subchannel group. For example,
the HE-SIG-B 1 stream is in a subchannel of the subchannel
group 1 and subchannel group 2. The HE-SIG-B 2 stream is
in a subchannel of the subchannel group 1 and subchannel
group 2.

[0039] In one embodiment, a HE-SIG-B stream and the
data resource units (RUs) allocated by the HE-SIG-B stream
are within the same frequency subchannel or subchannel
group. For example, FIG. 4(b) shows the HE-SIG-B stream
and the corresponding data allocated by the HE-SIG-B
stream are within the same subchannel group. In that case
HE-SIG-B 1 is always in the same subchannel as subchannel
group 1 and HE-SIG-B 2 is in subchannel group 2. In the
presence of interference, if the data selects one subchannel
group, so does the corresponding HE-SIG-B stream.
[0040] FIG. 5 depicts an illustrative schematic diagram of
a bandwidth and sub-channel indication system, in accor-
dance with one or more example embodiments of the present
disclosure.

[0041] In one embodiment, a bandwidth and subchannel
indication system may facilitate the indication of one or
more resource units (RUs) allocations that may be used
during a data transmission between a transmitting device
(e.g., AP 102 and/or user devices 120 of FIG. 1) and a
receiving device (e.g., AP 102 and/or user devices 120 of
FIG. 1).

[0042] In one embodiment, the channel may be divided
into two or more subchannel groups. There are four 20 MHz
subchannels used in the example of FIG. 5. One or more of
the four 20 MHz subchannels may form a subchannel group.
For example, two subchannel groups (e.g., subchannel
groups 1 and subchannel group 2), may each include two 20
MHz subchannels. For example subchannel group 1 is
represented by group 502 and 506 and subchannel group 2
is represented by groups 504 and 508. Each subchannel
group (e.g., subchannel groups 1 or subchannel group 2)
may be indicated by an allocation within the HE-SIG-B
stream. That is, subchannel group 1 is indicated by HE-
SIG-B 1 and subchannel group 2 is indicated by HE-SIG-B
2. HE-SIG-B1 may contain information, such as, RUs
allocations for subchannel group 1 and HE-SIG-B 2 may
contain information such as, RUs allocations for subchannel
group 2.

[0043] In one embodiment, each HE-SIG-B stream may
carry RU allocation information for the respective subchan-
nel group. For example, the HE-SIG-B 1 field 510 may carry
the RU allocation information for subchannel group 1502,
the HE-SIG-B 2 field 512 may carry the RU allocation
information for subchannel group 2 504, the HE-SIG-B 1
field 514 may carry the RU allocation information for
subchannel group 1 506, and the HE-SIG-B 2 field 516 may
carry the RU allocation information for subchannel group 2
508. Since there may be two 20 MHz subchannels in each
subchannel group, two RU allocation indices (e.g., index
518 and index 520) may be used for the two 20 MHz
subchannels, respectively. Index 518 and index 520 may be
around 5-9 bits. Each RU allocation index may be used to
indicate how a 20 MHz subchannel is comprised based on
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allocated RUs. For another example, the HE-SIG-B 1 field
510 may carry the RU allocation information for both
subchannel group 1 502 and subchannel group 1 506, the
HE-SIG-B 2 field 512 may carry the RU allocation infor-
mation for both subchannel group 2 504 and subchannel
group 2 508. The HE-SIG-B 1 field 510 and field 512 may
be the same. The HE-SIG-B 2 field 512 and field 514 may
be the same. Since there may be two 20 MHz subchannels
in each subchannel group, two RU allocation indices (e.g.,
index 518 and index 520) may be used for the two 20 MHz
subchannels, respectively. Index 518 and index 520 may be
around 5-9 bits. Each RU allocation index may be used to
indicate how a 20 MHz subchannel is comprised based on
allocated RUs. The two RU allocation indexes may be all in
both field 510 and field 516.

[0044] In one embodiment, the RU allocation index may
specify the allocated RU sizes and locations of the corre-
sponding subchannel. For example, the 20 MHz subchannel
may be allocated as a whole piece to a single user in a single
user (SU) mode or multiple users in a multi-user user
multiple-input multiple-output (MU-MIMO) mode. In
another example, the 20 MHz subchannel may be comprised
of'a number of RUs with various RU sizes (e.g., 26 tone RU,
52 tone RU, 106 tone RU). For example, a 20 MHz
subchannel may be comprised of nine 26 tone RUs, four 52
tone RUs and one 26 tone RU, two 106 tone RUs and one
26 tone RU, one 242 tone RU, etc. In addition, a 20 MHz
subchannel may be comprised of any combination of the
various tone RUs. It should be understood that some RUs
that are part of a subchannel may not be allocated to any user
device. For example, a 26-tone RU included in a subchannel
may not be allocated to any user device, but other RUs may
be assigned to user devices within that subchannel. Namely,
the RU allocation pattern may be indicated by the allocation
index (e.g., index 518 and 520) and the allocation patterns
may include full allocation and/or partial allocation.

[0045] In one embodiment, the RU allocation index in
HE-SIG-B 1, where i=1 or 2 in the example of FIGS. 4 and
5 may allocate an RU greater than 20 MHz, e.g., 484-tone
RU and 996-tone RU. In this case, the allocated RU may be
the following RU. First, it may have the allocated size e.g.
484-tone. Second, the allocated RU may include the 20 MHz
subchannel that RU allocation index may be used for. For
the example in FIG. 5, the RU allocation index 518 is used
primarily for the 20 MHz subchannel on the left most of the
band. If index 518 allocates a 242-tone RU, the RU may be
the 242-tone RU on the left most of the band. If index 518
allocates a 484-tone RU, the RU may be the 484-tone RU on
the left most of the band. If index 518 allocates a 996-tone
RU, the RU may be the whole 80 MHz band.

[0046] In some embodiments, the RU allocation may
include RU allocation for 484 and 996 tone RUs. Namely,
the RU index is primarily for 20 MHz subchannel 1. When
the RU index indicates or allocates a RU greater than 242
tone RU, such as for 20 MHz, (e.g., 484 or 996 tone RU),
the allocated RU (e.g. 484 or 996 tone RU) may cover the
20 MHz subchannel that the RU index is primarily for. In
addition, the extended RU may be one of the available
extended 484-tone in FIG. 5. The valid RUs for 80 MHz are
listed in FIG. 5 and the valid RUs for 20/40/80 MHz are
listed in the figures below. The ones for 160 MHz are not
shown but are defined in the spec. For example, the extended
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RU may be valid (e.g., defined in the IEEE 802.11 specifi-
cations) and must include the 20 MHz subchannel the index
is primarily used for.

[0047] It is understood that the above are only examples,
and that other allocation may be possible.

[0048] FIG. 6A illustrates a flow diagram of illustrative
process 600 for a bandwidth and sub-channel indication
system, in accordance with one or more embodiments of the
disclosure.

[0049] At block 602, a device (e.g., AP 102 or user device
120 of FIG. 1) may determine a wireless communication
channel with a first device in accordance with a wireless
communication standard, the wireless communication chan-
nel, comprising one or more subchannels. The wireless
communication channel may be a non-contiguous channel or
a contiguous channel. A non-contiguous frequency channel
may contain one or more subchannels separated by one or
more frequency gaps. Within a contiguous 80 MHz band,
there may be one or more 20 MHz subchannels that a device
may or may not use. The device may determine that one of
the 20 MHz subchannel is unusable due to various factors
such as interference. Typically, the one or more subchannels
of a frequency channel may include a primary sub-channel
and one or more secondary sub-channels.

[0050] At block 604, the device may generate a high
efficiency frame in accordance with a high efficiency com-
munication standard the high efficiency frame including, at
least in part, one or more high efficiency signal fields. The
one or more high efficiency signal fields include at least one
of a high efficiency signal A (HE-SIG-A) field and a high
efficiency signal B (HE-SIG-B) field. High-efficiency sig-
naling between one or more devices may be split into two
fields, the HE-SIG-A field and the HE-SIG-B field. Taken
together, the two fields may describe the included frame
attributes such as the channel width, modulation and coding,
and whether the frame is a single- or multi-user frame. The
HE-SIG-A field comes first in a high-efficiency frame. Its
format may depend on whether the transmission is single-
user or multi-user. It is comprised of two parts, each of
which corresponds to an OFDM symbol, are referred to as
HE-SIG-Al and HE-SIG-A2. The HE-SIG-B field may be
used to set up the data rate, as well as tune in MIMO
reception.

[0051] At block 606, the device may determine one or
more indication bits included in at least one of the one or
more high efficiency fields, the one or more indication bits
are associated with the one or more subchannels. For
example, a device may determine that one of the 20 MHz
subchannel is unusable due to various factors such as
interference, where the remaining usable 20 MHz subchan-
nels may form a contiguous or non-contiguous channel.
However, in case there are one or more unusable 20 MHz
subchannels, the transmitting device may need to inform the
receiving device of which 20 MHz subchannels are used for
the transmission. The one or more indication bits may be
used to inform the receiving device of such subchannels.
The one or more indication bits are included in the HE-
SIG-A field. The device may determine one or more RUs
associated with the at least one used subchannel. In some
examples, the HE-SIG-B stream may carry RU allocation
information for the respective subchannel group. The sub-
channel group may be a group of subchannels within the
transmission channel. The indication of the RU allocation
may be encoded within a RU allocation index that may be
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part of the HE-SIG-B. The RU allocation index may inform
the receiving device of what tone RUs are used. For
example, a 20 MHz subchannel may utilize a combination of
26-tone RUs, 52-tone RUs, and 106-tone RUs. That infor-
mation may be encoded in the RU allocation index in the
HE-SIG-B at the transmitting device. That information may
be then decoded at the receiving device in order to determine
the RU allocation information of the respective subchannel
group. In case a subchannel being unused (punctured out),
the RU allocation index may be different than if all the
subchannels are used. The RU allocation index may require
reduced number of bits within the HE-SIG-B, therefore the
size of the HE-SIG-B field may be modified based on that
information.

[0052] In some examples, the device may determine a
subchannel configuration list of at least one of the one or
more subchannels, wherein the subchannel configuration list
includes a predetermined subset of used subchannels within
the wireless communication channel. The subchannel con-
figuration list may be a table that accounts for a subset of
useful configurations that may be used to indicate to the
receiving device which 20 MHz subchannel is used or not
used. This may result in a lower number of indication bits
since not all configurations are reported in the table. For
example, in an 80 MHz channel, there may be four 20 MHz
subchannel. In order to determine which subchannel is used
or not used, a seven indication bits may be necessary to
cover all possible configuration. However, the table may
contain a lower number of indication bits covering a subset
of useful configurations that may be used to indicate to the
receiving device which 20 MHz subchannel is used or not
used.

[0053] At block 608, the device may cause to send the
high efficiency frame to the first device over the wireless
communication channel.

[0054] FIG. 6B illustrates a flow diagram of illustrative
process 650 for a bandwidth and sub-channel indication
system, in accordance with one or more embodiments of the
disclosure.

[0055] At block 652, a device (e.g., AP 102 or user device
120 of FIG. 1) may identify a wireless communication
channel with another device (e.g., AP 102 or user device 120
of FIG. 1) in accordance with a wireless communication
standard, the wireless communication channel, comprising
one or more subchannels. The wireless communication
channel may be a non-contiguous channel or a contiguous
channel. A non-contiguous frequency channel may contain
one or more subchannels separated by one or more fre-
quency gaps. Within a contiguous 80 MHz band, there may
be one or more 20 MHz subchannels that a device may or
may not use. The device may determine that one of the 20
MHz subchannel is unusable due to various factors such as
interference. Typically, the one or more subchannels of a
frequency channel may include a primary sub-channel and
one or more secondary sub-channels.

[0056] At block 654, the device may identify a high
efficiency frame in accordance with a high efficiency com-
munication standard the high efficiency frame including, at
least in part, one or more high efficiency signal fields. The
one or more high efficiency signal fields include at least one
of a high efficiency signal A (HE-SIG-A) field and a high
efficiency signal B (HE-SIG-B) field. High-efficiency sig-
naling between one or more devices may be split into two
fields, the HE-SIG-A field and the HE-SIG-B field. Taken
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together, the two fields may describe the included frame
attributes such as the channel width, modulation and coding,
and whether the frame is a single- or multi-user frame. The
HE-SIG-A field comes first in a high-efficiency frame. Its
format may depend on whether the transmission is single-
user or multi-user. The HE-SIG-B field may be used to set
up the data rate, as well as tune in MIMO reception.

[0057] At block 656, the device may identify one or more
indication bits included in at least one of the one or more
high efficiency fields. For example, a device may determine
that one of the 20 MHz subchannel is unusable due to
various factors such as interference, where the remaining
usable 20 MHz subchannels may form a contiguous or
non-contiguous channel. However, in case there are one or
more unusable 20 MHz subchannels, a transmitting device
may need to inform the receiving device of which 20 MHz
subchannels are used for the transmission. The one or more
indication bits may be used to inform the receiving device of
such subchannels. The one or more indication bits are
included in the HE-SIG-A field. The device may determine
one or more RUs associated with the at least one used
subchannel. In some examples, the HE-SIG-B stream may
carry RU allocation information for the respective subchan-
nel group. The subchannel group may be a group of sub-
channels within the transmission channel. The indication of
the RU allocation may be encoded within a RU allocation
index that may be part of the HE-SIG-B. The RU allocation
index may inform the receiving device of what tone RUs are
used. For example, a 20 MHz subchannel may utilize a
combination of 26-tone RUs, 52-tone RUs, and 106-tone
RUs. That information may be encoded in the RU allocation
index in the HE-SIG-B at the transmitting device. That
information may be then decoded at the receiving device in
order to determine the RU allocation information of the
respective subchannel group. In case a subchannel being
unused (punctured out), the RU allocation index may be
different than if all the subchannels are used. The RU
allocation index may require reduced number of bits within
the HE-SIG-B, therefore the size of the HE-SIG-B field may
be modified based on that information.

[0058] At block 658, the device may determine a used
subchannels of the one or more subchannels based at least in
part on the one or more indication bits. The indication bits
may inform the receiving device whether a subchannel is
used or not based on how the indication bits are set by the
receiving device. In other examples, the receiving device
may determine a subchannel configuration list or table of
some of the one or more subchannels. Wherein the subchan-
nel configuration list includes a predetermined subset of
used subchannels within the wireless communication chan-
nel. The subchannel configuration list may be a table that
accounts for a subset of useful configurations that may be
used to indicate to the receiving device which 20 MHz
subchannel is used or not used. This may result in a lower
number of indication bits since not all configurations are
reported in the table. For example, in an 80 MHz channel,
there may be four 20 MHz subchannel. In order to determine
which subchannel is used or not used, a seven indication bits
may be necessary to cover all possible configuration. How-
ever, the table may contain a lower number of indication bits
covering a subset of useful configurations that may be used
to indicate to the receiving device which 20 MHz subchan-
nel is used or not used.
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[0059] FIG. 7 shows a functional diagram of an exemplary
communication station 800 in accordance with some
embodiments. In one embodiment, FIG. 7 illustrates a
functional block diagram of a communication station that
may be suitable for use as an AP 102 (FIG. 1) or commu-
nication station user device 120 (FIG. 1) in accordance with
some embodiments. The communication station 800 may
also be suitable for use as a handheld device, mobile device,
cellular telephone, smartphone, tablet, netbook, wireless
terminal, laptop computer, wearable computer device, fem-
tocell, High Data Rate (HDR) subscriber station, access
point, access terminal, or other personal communication
system (PCS) device.

[0060] The communication station 800 may include com-
munications circuitry 802 and a transceiver 810 for trans-
mitting and receiving signals to and from other communi-
cation stations using one or more antennas 801. The
communications circuitry 802 may include circuitry that can
operate the physical layer communications and/or medium
access control (MAC) communications for controlling
access to the wireless medium, and/or any other communi-
cations layers for transmitting and receiving signals. The
communication station 800 may also include processing
circuitry 806 and memory 808 arranged to perform the
operations described herein. In some embodiments, the
communications circuitry 802 and the processing circuitry
806 may be configured to perform operations detailed in
FIGS. 2-6.

[0061] In accordance with some embodiments, the com-
munications circuitry 802 may be arranged to contend for a
wireless medium and configure frames or packets for com-
municating over the wireless medium. The communications
circuitry 802 may be arranged to transmit and receive
signals. The communications circuitry 802 may also include
circuitry for modulation/demodulation, upconversion/down-
conversion, filtering, amplification, etc. In some embodi-
ments, the processing circuitry 806 of the communication
station 800 may include one or more processors. In other
embodiments, two or more antennas 801 may be coupled to
the communications circuitry 802 arranged for sending and
receiving signals. The memory 808 may store information
for configuring the processing circuitry 806 to perform
operations for configuring and transmitting message frames
and performing the various operations described herein. The
memory 808 may include any type of memory, including
non-transitory memory, for storing information in a form
readable by a machine (e.g., a computer). For example, the
memory 808 may include a computer-readable storage
device may, read-only memory (ROM), random-access
memory (RAM), magnetic disk storage media, optical stor-
age media, flash-memory devices and other storage devices
and media.

[0062] In some embodiments, the communication station
800 may be part of a portable wireless communication
device, such as a personal digital assistant (PDA), a laptop
or portable computer with wireless communication capabil-
ity, a web tablet, a wireless telephone, a smartphone, a
wireless headset, a pager, an instant messaging device, a
digital camera, an access point, a television, a medical
device (e.g., a heart rate monitor, a blood pressure monitor,
etc.), a wearable computer device, or another device that
may receive and/or transmit information wirelessly.

[0063] In some embodiments, the communication station
800 may include one or more antennas 801. The antennas
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801 may include one or more directional or omnidirectional
antennas, including, for example, dipole antennas, mono-
pole antennas, patch antennas, loop antennas, microstrip
antennas, or other types of antennas suitable for transmis-
sion of RF signals. In some embodiments, instead of two or
more antennas, a single antenna with multiple apertures may
be used. In these embodiments, each aperture may be
considered a separate antenna. In some multiple-input mul-
tiple-output (MIMO) embodiments, the antennas may be
effectively separated for spatial diversity and the different
channel characteristics that may result between each of the
antennas and the antennas of a transmitting station.

[0064] In some embodiments, the communication station
800 may include one or more of a keyboard, a display, a
non-volatile memory port, multiple antennas, a graphics
processor, an application processor, speakers, and other
mobile device elements. The display may be an LCD screen
including a touch screen.

[0065] Although the communication station 800 is illus-
trated as having several separate functional elements, two or
more of the functional elements may be combined and may
be implemented by combinations of software-configured
elements, such as processing elements including digital
signal processors (DSPs), and/or other hardware elements.
For example, some elements may include one or more
microprocessors, DSPs, field-programmable gate arrays
(FPGAs), application specific integrated circuits (ASICs),
radio-frequency integrated circuits (RFICs) and combina-
tions of various hardware and logic circuitry for performing
at least the functions described herein. In some embodi-
ments, the functional elements of the communication station
800 may refer to one or more processes operating on one or
more processing elements.

[0066] Certain embodiments may be implemented in one
or a combination of hardware, firmware, and software. Other
embodiments may also be implemented as instructions
stored on a computer-readable storage device, which may be
read and executed by at least one processor to perform the
operations described herein. A computer-readable storage
device may include any non-transitory memory mechanism
for storing information in a form readable by a machine
(e.g., a computer). For example, a computer-readable stor-
age device may include read-only memory (ROM), random-
access memory (RAM), magnetic disk storage media, opti-
cal storage media, flash-memory devices, and other storage
devices and media. In some embodiments, the communica-
tion station 800 may include one or more processors and
may be configured with instructions stored on a computer-
readable storage device memory.

[0067] FIG. 8 illustrates a block diagram of an example of
a machine 900 or system upon which any one or more of the
techniques (e.g., methodologies) discussed herein may be
performed. In other embodiments, the machine 900 may
operate as a standalone device or may be connected (e.g.,
networked) to other machines. In a networked deployment,
the machine 900 may operate in the capacity of a server
machine, a client machine, or both in server-client network
environments. In an example, the machine 900 may act as a
peer machine in peer-to-peer (P2P) (or other distributed)
network environments. The machine 900 may be a personal
computer (PC), a tablet PC, a set-top box (STB), a personal
digital assistant (PDA), a mobile telephone, wearable com-
puter device, a web appliance, a network router, switch or
bridge, or any machine capable of executing instructions
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(sequential or otherwise) that specify actions to be taken by
that machine, such as a base station. Further, while only a
single machine is illustrated, the term “machine” shall also
be taken to include any collection of machines that indi-
vidually or jointly execute a set (or multiple sets) of instruc-
tions to perform any one or more of the methodologies
discussed herein, such as cloud computing, software as a
service (SaaS), or other computer cluster configurations.

[0068] Examples, as described herein, may include or may
operate on logic or a number of components, modules, or
mechanisms. Modules are tangible entities (e.g., hardware)
capable of performing specified operations when operating.
A module includes hardware. In an example, the hardware
may be specifically configured to carry out a specific opera-
tion (e.g., hardwired). In another example, the hardware may
include configurable execution units (e.g., transistors, cir-
cuits, etc.) and a computer readable medium containing
instructions where the instructions configure the execution
units to carry out a specific operation when in operation. The
configuring may occur under the direction of the executions
units or a loading mechanism. Accordingly, the execution
units are communicatively coupled to the computer-readable
medium when the device is operating. In this example, the
execution units may be a member of more than one module.
For example, under operation, the execution units may be
configured by a first set of instructions to implement a first
module at one point in time and reconfigured by a second set
of instructions to implement a second module at a second
point in time.

[0069] The machine (e.g., computer system) 900 may
include a hardware processor 902 (e.g., a central processing
unit (CPU), a graphics processing unit (GPU), a hardware
processor core, or any combination thereof), a main memory
904 and a static memory 906, some or all of which may
communicate with each other via an interlink (e.g., bus) 908.
The machine 900 may further include a power management
device 932, a graphics display device 910, an alphanumeric
input device 912 (e.g., a keyboard), and a user interface (UI)
navigation device 914 (e.g., a mouse). In an example, the
graphics display device 910, alphanumeric input device 912,
and Ul navigation device 914 may be a touch screen display.
The machine 900 may additionally include a storage device
(i.e., drive unit) 916, a signal generation device 918 (e.g., a
speaker), a bandwidth and sub-channel indications device
919, a network interface device/transceiver 920 coupled to
antenna(s) 930, and one or more sensors 928, such as a
global positioning system (GPS) sensor, compass, acceler-
ometer, or other sensor. The machine 900 may include an
output controller 934, such as a serial (e.g., universal serial
bus (USB), parallel, or other wired or wireless (e.g., infrared
(IR), near field communication (NFC), etc.) connection to
communicate with or control one or more peripheral devices
(e.g., a printer, card reader, etc.)).

[0070] The storage device 916 may include a machine
readable medium 922 on which is stored one or more sets of
data structures or instructions 924 (e.g., software) embody-
ing or utilized by any one or more of the techniques or
functions described herein. The instructions 924 may also
reside, completely or at least partially, within the main
memory 904, within the static memory 906, or within the
hardware processor 902 during execution thereof by the
machine 900. In an example, one or any combination of the
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hardware processor 902, the main memory 904, the static
memory 906, or the storage device 916 may constitute
machine-readable media.

[0071] The bandwidth and sub-channel indications device
919 may carry out or perform any of the operations and
processes (e.g., processes 600 and/or 650). For example, the
bandwidth and sub-channel indications device 919 may be
configured to indicate the used 20 MHz subchannels in
HE-SIG-A using, e.g., 3 or 7 bits. The bandwidth and
sub-channel indications device 919 may be configured to
reduce the size of HE-SIG-B common after some 20 MHz
sub-channel is punctured. The bandwidth and sub-channel
indications device 919 may be configured to introduce
sub-channel groups for two parallel HE-SIG-B encoding
streams. The bandwidth and sub-channel indications device
919 may be configured to extend the resource unit (RU)
allocation pattern to cover 484- and 996-tone RUs.

[0072] While the machine-readable medium 922 is illus-
trated as a single medium, the term “machine-readable
medium” may include a single medium or multiple media
(e.g., a centralized or distributed database, and/or associated
caches and servers) configured to store the one or more
instructions 924.

[0073] Various embodiments may be implemented fully or
partially in software and/or firmware. This software and/or
firmware may take the form of instructions contained in or
on a non-transitory computer-readable storage medium.
Those instructions may then be read and executed by one or
more processors to enable performance of the operations
described herein. The instructions may be in any suitable
form, such as but not limited to source code, compiled code,
interpreted code, executable code, static code, dynamic
code, and the like. Such a computer-readable medium may
include any tangible non-transitory medium for storing
information in a form readable by one or more computers,
such as but not limited to read only memory (ROM); random
access memory (RAM); magnetic disk storage media; opti-
cal storage media; a flash memory, etc.

[0074] The term “machine-readable medium” may include
any medium that is capable of storing, encoding, or carrying
instructions for execution by the machine 900 and that cause
the machine 900 to perform any one or more of the tech-
niques of the present disclosure, or that is capable of storing,
encoding, or carrying data structures used by or associated
with such instructions. Non-limiting machine-readable
medium examples may include solid-state memories and
optical and magnetic media. In an example, a massed
machine-readable medium includes a machine-readable
medium with a plurality of particles having resting mass.
Specific examples of massed machine-readable media may
include non-volatile memory, such as semiconductor
memory devices (e.g., Electrically Programmable Read-
Only Memory (EPROM), or Electrically Erasable Program-
mable Read-Only Memory (EEPROM)) and flash memory
devices; magnetic disks, such as internal hard disks and
removable disks; magneto-optical disks; and CD-ROM and
DVD-ROM disks.

[0075] The instructions 924 may further be transmitted or
received over a communications network 926 using a trans-
mission medium via the network interface device/trans-
ceiver 920 utilizing any one of a number of transfer proto-
cols (e.g., frame relay, internet protocol (IP), transmission
control protocol (TCP), user datagram protocol (UDP),
hypertext transfer protocol (HTTP), etc.). Example commu-
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nications networks may include a local area network (LAN),
a wide area network (WAN), a packet data network (e.g., the
Internet), mobile telephone networks (e.g., cellular net-
works), Plain Old Telephone (POTS) networks, wireless
data networks (e.g., Institute of Electrical and Electronics
Engineers (IEEE) 802.11 family of standards known as
Wi-Fi®, IEEE 802.16 family of standards known as
WiMax®), IEEE 802.15.4 family of standards, and peer-to-
peer (P2P) networks, among others. In an example, the
network interface device/transceiver 920 may include one or
more physical jacks (e.g., Ethernet, coaxial, or phone jacks)
or one or more antennas to connect to the communications
network 926. In an example, the network interface device/
transceiver 920 may include a plurality of antennas to
wirelessly communicate using at least one of single-input
multiple-output (SIMO), multiple-input multiple-output
(MIMO), or multiple-input single-output (MISO) tech-
niques. The term “transmission medium” shall be taken to
include any intangible medium that is capable of storing,
encoding, or carrying instructions for execution by the
machine 900 and includes digital or analog communications
signals or other intangible media to facilitate communication
of such software. The operations and processes described
and shown above may be carried out or performed in any
suitable order as desired in various implementations. Addi-
tionally, in certain implementations, at least a portion of the
operations may be carried out in parallel. Furthermore, in
certain implementations, less than or more than the opera-
tions described may be performed.

[0076] The word “exemplary” is used herein to mean
“serving as an example, instance, or illustration.” Any
embodiment described herein as “exemplary” is not neces-
sarily to be construed as preferred or advantageous over
other embodiments. The terms “computing device”, “user
device”, “communication station”, “station”, ‘“handheld
device”, “mobile device”, “wireless device” and ‘“‘user
equipment” (UE) as used herein refers to a wireless com-
munication device such as a cellular telephone, smartphone,
tablet, netbook, wireless terminal, laptop computer, a fem-
tocell, High Data Rate (HDR) subscriber station, access
point, printer, point of sale device, access terminal, or other
personal communication system (PCS) device. The device
may be either mobile or stationary.

[0077] As used within this document, the term “commu-
nicate” is intended to include transmitting, or receiving, or
both transmitting and receiving. This may be particularly
useful in claims when describing the organization of data
that is being transmitted by one device and received by
another, but only the functionality of one of those devices is
required to infringe the claim. Similarly, the bidirectional
exchange of data between two devices (both devices trans-
mit and receive during the exchange) may be described as
‘communicating’, when only the functionality of one of
those devices is being claimed. The term “communicating”
as used herein with respect to a wireless communication
signal includes transmitting the wireless communication
signal and/or receiving the wireless communication signal.
For example, a wireless communication unit, which is
capable of communicating a wireless communication signal,
may include a wireless transmitter to transmit the wireless
communication signal to at least one other wireless com-
munication unit, and/or a wireless communication receiver
to receive the wireless communication signal from at least
one other wireless communication unit.
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[0078] The term “access point” (AP) as used herein may
be a fixed station. An access point may also be referred to as
an access node, a base station, or some other similar termi-
nology known in the art. An access terminal may also be
called a mobile station, user equipment (UE), a wireless
communication device, or some other similar terminology
known in the art. Embodiments disclosed herein generally
pertain to wireless networks. Some embodiments may relate
to wireless networks that operate in accordance with one of
the IEEE 802.11 standards.

[0079] Some embodiments may be used in conjunction
with various devices and systems, for example, a Personal
Computer (PC), a desktop computer, a mobile computer, a
laptop computer, a notebook computer, a tablet computer, a
server computer, a handheld computer, a handheld device, a
Personal Digital Assistant (PDA) device, a handheld PDA
device, an on-board device, an off-board device, a hybrid
device, a vehicular device, a non-vehicular device, a mobile
or portable device, a consumer device, a non-mobile or
non-portable device, a wireless communication station, a
wireless communication device, a wireless Access Point
(AP), a wired or wireless router, a wired or wireless modem,
a video device, an audio device, an audio-video (AN)
device, a wired or wireless network, a wireless area network,
a Wireless Video Area Network (WVAN), a Local Area
Network (LAN), a Wireless LAN (WLAN), a Personal Area
Network (PAN), a Wireless PAN (WPAN), and the like.

[0080] Some embodiments may be used in conjunction
with one way and/or two-way radio communication sys-
tems, cellular radio-telephone communication systems, a
mobile phone, a cellular telephone, a wireless telephone, a
Personal Communication Systems (PCS) device, a PDA
device which incorporates a wireless communication device,
a mobile or portable Global Positioning System (GPS)
device, a device which incorporates a GPS receiver or
transceiver or chip, a device which incorporates an RFID
element or chip, a Multiple Input Multiple Output (MIMO)
transceiver or device, a Single Input Multiple Output
(SIMO) transceiver or device, a Multiple Input Single Out-
put (MISO) transceiver or device, a device having one or
more internal antennas and/or external antennas, Digital
Video Broadcast (DVB) devices or systems, multi-standard
radio devices or systems, a wired or wireless handheld
device, e.g., a Smartphone, a Wireless Application Protocol
(WAP) device, or the like.

[0081] Some embodiments may be used in conjunction
with one or more types of wireless communication signals
and/or systems following one or more wireless communi-
cation protocols, for example, Radio Frequency (RF), Infra
Red (IR), Frequency-Division Multiplexing (FDM),
Orthogonal FDM (OFDM), Time-Division Multiplexing
(TDM), Time-Division Multiple Access (IDMA), Extended
TDMA (E-TDMA), General Packet Radio Service (GPRS),
extended GPRS, Code-Division Multiple Access (CDMA),
Wideband CDMA (WCDMA), CDMA 2000, single-carrier
CDMA, multi-carrier CDMA, Multi-Carrier Modulation
(MDM), Discrete Multi-Tone (DMT), Bluetooth®, Global
Positioning System (GPS), Wi-Fi, Wi-Max, ZigBee™,
Ultra-Wideband (UWB), Global System for Mobile com-
munication (GSM), 2G, 2.5G, 3G, 3.5G, 4G, Fifth Genera-
tion (5G) mobile networks, 3GPP, Long Term Evolution
(LTE), LTE advanced, Enhanced Data rates for GSM Evo-
Iution (EDGE), or the like. Other embodiments may be used
in various other devices, systems, and/or networks.
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[0082] According to example embodiments of the disclo-
sure, there may be a wireless communication device. The
wireless communication device may include at least one
memory that stores computer-executable instructions, and at
least one processor of the one or more processors configured
to access the at least one memory, wherein the at least one
processor of the one or more processors is configured to
execute the computer-executable instructions to determine a
wireless communication channel with a first device in accor-
dance with a wireless communication standard, the wireless
communication channel, comprising one or more subchan-
nels. The at least one processor of the one or more proces-
sors may be configured to execute the computer-executable
instructions to generate a high efficiency frame in accor-
dance with a high efficiency communication standard the
high efficiency frame including, at least in part, one or more
high efficiency signal fields. The at least one processor of the
one or more processors may be configured to execute the
computer-executable instructions to determine one or more
indication bits included in at least one of the one or more
high efficiency fields, the one or more indication bits are
associated with the one or more subchannels. The at least
one processor of the one or more processors may be con-
figured to execute the computer-executable instructions to
cause to send the high efficiency frame to the first device
over the wireless communication channel.

[0083] Implementations may include one or more of the
following features. The wireless communication channel
may be a non-contiguous channel or a contiguous channel.
The one or more subchannels may include a primary sub-
channel and one or more secondary sub-channels. The one
or more high efficiency signal fields include at least one of
a high efficiency signal A (HE-SIG-A) field and a high
efficiency signal B (HE-SIG-B) field. The one or more
indication bits may indicate at least one used subchannel of
the one or more subchannels within the wireless communi-
cation channel. The at least one processor may further be
configured to execute the computer-executable instructions
to determine one or more resource on units associated with
the at least one used subchannel. The at least one processor
of the one or more processors may be configured to execute
the computer-executable instructions to modify the HE-
SIG-B field based at least in part on one or more resource
units. The at least one processor is further configured to
execute the computer-executable instructions to determine a
resource unit index associated with a first subchannel in the
first subchannel group. The at least one processor of the one
or more processors may be configured to execute the com-
puter-executable instructions to determine that the resource
unit index allocates a first resource unit greater than a
predetermined resource unit size. The at least one processor
of the one or more processors may be configured to execute
the computer-executable instructions to utilize a subchannel
used by the resource unit index as part of the first resource
unit. The at least one processor may be further configured to
execute the computer-executable instructions to determine a
subchannel configuration list of at least one of the one or
more subchannels, wherein the subchannel configuration list
includes a predetermined subset of used subchannels within
the wireless communication channel. The wireless commu-
nication device may further include a transceiver configured
to transmit and receive wireless signals. The wireless com-
munication device may further include one or more antennas
coupled to the transceiver.
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[0084] According to example embodiments of the disclo-
sure, there may be a non-transitory computer-readable
medium storing computer-executable instructions which,
when executed by a processor, cause the processor to
perform operations. The operations may include identifying
a wireless communication channel with a first device in
accordance with a wireless communication standard, the
wireless communication channel, comprising one or more
subchannels. The operations may include identifying a high
efficiency frame in accordance with a high efficiency com-
munication standard the high efficiency frame including, at
least in part, one or more high efficiency signal fields. The
operations may include identifying one or more indication
bits included in at least one of the one or more high
efficiency fields. The operations may include determining
used subchannels of the one or more subchannels based at
least in part on the one or more indication bits.

[0085] Implementations may include one or more of the
following features. The operations may include the one or
more high efficiency signal fields include at least one of a
high efficiency signal A (HE-SIG-A) field and a high effi-
ciency signal B (HE-SIG-B) field. the computer-executable
instructions cause the processor to further perform opera-
tions comprising determining a subchannel configuration list
of at least one of the one or more subchannels, wherein the
subchannel configuration list may include a predetermined
subset of used subchannels within the wireless communica-
tion channel. The wireless communication channel may be
a non-contiguous channel including one or more sub-chan-
nels. The one or more indication bits are associated with a
bandwidth of the wireless communication channel. The one
or more indication bits may be included in the HE-SIG-A
field. The bandwidth of the wireless communication channel
may include at least one of a 20 MHz, 40 MHz, 80 MHz, or
160 MHZ

[0086] In example embodiments of the disclosure, there
may be a method. The method may include determining a
wireless communication channel with a first device in accor-
dance with a wireless communication standard, the wireless
communication channel, comprising one or more subchan-
nels, generating a high efficiency frame in accordance with
a high efficiency communication standard the high efficiency
frame including, at least in part, one or more high efficiency
signal fields, determining one or more indication bits
included in at least one of the one or more high efficiency
fields, the one or more indication bits are associated with the
one or more subchannels, and causing to send the high
efficiency frame to the first device over the wireless com-
munication channel.

[0087] Implementations may include one or more of the
following features. The wireless communication channel
may be a non-contiguous channel or a contiguous channel.
The one or more subchannels include a primary sub-channel
and one or more secondary sub-channels. The one or more
high efficiency signal fields include at least one of a high
efficiency signal A (HE-SIG-A) field and a high efficiency
signal B (HE-SIG-B) field. The one or more indication bits
indicate at least one used subchannel of the one or more
subchannels within the wireless communication channel.
The method may further include determining one or more
resource units associated with the at least one used subchan-
nel, and modifying the HE-SIG-B field based at least in part
on one or more resource units. The method may further
include determining a resource unit index associated with a
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first subchannel in the first subchannel group, determining
that the resource unit index allocates a first resource unit
greater than a predetermined resource unit size, and utilizing
a subchannel used by the resource unit index as part of the
first resource unit. The method may further include deter-
mining a subchannel configuration list of at least one of the
one or more subchannels, wherein the subchannel configu-
ration list may include a predetermined subset of used
subchannels within the wireless communication channel.
[0088] In example embodiments of the disclosure, there
may be an apparatus. The apparatus may include means for
determining a wireless communication channel with a first
device in accordance with a wireless communication stan-
dard, the wireless communication channel, comprising one
or more subchannels. The apparatus may include means for
generating a high efficiency frame in accordance with a high
efficiency communication standard the high efficiency frame
including, at least in part, one or more high efficiency signal
fields. The apparatus may include means for determining
one or more indication bits included in at least one of the one
or more high efficiency fields, the one or more indication bits
are associated with the one or more subchannels. The
apparatus may include means for causing to send the high
efficiency frame to the first device over the wireless com-
munication channel.

[0089] Implementations may include one or more of the
following features. The wireless communication channel is
a non-contiguous channel or a contiguous channel. The one
or more subchannels include a primary sub-channel and one
or more secondary sub-channels. The one or more high
efficiency signal fields include at least one of a high effi-
ciency signal A (HE-SIG-A) field and a high efficiency
signal B (HE-SIG-B) field. The one or more indication bits
indicate at least one used subchannel of the one or more
subchannels within the wireless communication channel.
Operations further comprising means for determining one or
more resource units associated with the at least one used
subchannel, and means for modifying the HE-SIG-B field
based at least in part on one or more resource units.
Operations further comprising determining a resource unit
index associated with a first subchannel in the first subchan-
nel group, determining that the resource unit index allocates
a first resource unit greater than a predetermined resource
unit size. The apparatus may include utilizing a subchannel
used by the resource unit index as part of the first resource
unit. Operations may further include means for determining
a subchannel configuration list of at least one of the one or
more subchannels, wherein the subchannel configuration list
includes a predetermined subset of used subchannels within
the wireless communication channel.

[0090] Certain aspects of the disclosure are described
above with reference to block and flow diagrams of systems,
methods, apparatuses, and/or computer program products
according to various implementations. It will be understood
that one or more blocks of the block diagrams and flow
diagrams, and combinations of blocks in the block diagrams
and the flow diagrams, respectively, may be implemented by
computer-executable program instructions. Likewise, some
blocks of the block diagrams and flow diagrams may not
necessarily need to be performed in the order presented, or
may not necessarily need to be performed at all, according
to some implementations.

[0091] These computer-executable program instructions
may be loaded onto a special-purpose computer or other
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particular machine, a processor, or other programmable data
processing apparatus to produce a particular machine, such
that the instructions that execute on the computer, processor,
or other programmable data processing apparatus create
means for implementing one or more functions specified in
the flow diagram block or blocks. These computer program
instructions may also be stored in a computer-readable
storage media or memory that may direct a computer or
other programmable data processing apparatus to function in
a particular manner, such that the instructions stored in the
computer-readable storage media produce an article of
manufacture including instruction means that implement
one or more functions specified in the flow diagram block or
blocks. As an example, certain implementations may pro-
vide for a computer program product, comprising a com-
puter-readable storage medium having a computer-readable
program code or program instructions implemented therein,
said computer-readable program code adapted to be
executed to implement one or more functions specified in
the flow diagram block or blocks. The computer program
instructions may also be loaded onto a computer or other
programmable data processing apparatus to cause a series of
operational elements or steps to be performed on the com-
puter or other programmable apparatus to produce a com-
puter-implemented process such that the instructions that
execute on the computer or other programmable apparatus
provide elements or steps for implementing the functions
specified in the flow diagram block or blocks.

[0092] Accordingly, blocks of the block diagrams and
flow diagrams support combinations of means for perform-
ing the specified functions, combinations of elements or
steps for performing the specified functions and program
instruction means for performing the specified functions. It
will also be understood that each block of the block dia-
grams and flow diagrams, and combinations of blocks in the
block diagrams and flow diagrams, may be implemented by
special-purpose, hardware-based computer systems that per-
form the specified functions, elements or steps, or combi-
nations of special-purpose hardware and computer instruc-
tions.

[0093] Conditional language, such as, among others,
“can,” “could,” “might,” or “may,” unless specifically stated
otherwise, or otherwise understood within the context as
used, is generally intended to convey that certain implemen-
tations could include, while other implementations do not
include, certain features, elements, and/or operations. Thus,
such conditional language is not generally intended to imply
that features, elements, and/or operations are in any way
required for one or more implementations or that one or
more implementations necessarily include logic for decid-
ing, with or without user input or prompting, whether these
features, elements, and/or operations are included or are to
be performed in any particular implementation.

[0094] Many modifications and other implementations of
the disclosure set forth herein will be apparent having the
benefit of the teachings presented in the foregoing descrip-
tions and the associated drawings. Therefore, it is to be
understood that the disclosure is not to be limited to the
specific implementations disclosed and that modifications
and other implementations are intended to be included
within the scope of the appended claims. Although specific
terms are employed herein, they are used in a generic and
descriptive sense only and not for purposes of limitation.
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What is claimed is:

1. A wireless communication device, comprising:

at least one memory that stores computer-executable

instructions; and

at least one processor of the one or more processors

configured to access the at least one memory, wherein

the at least one processor of the one or more processors

is configured to execute the computer-executable

instructions to:

determine a wireless communication channel with a
first device in accordance with a wireless communi-
cation standard, the wireless communication chan-
nel, comprising one or more subchannels;

generate a high efficiency frame in accordance with a
high efficiency communication standard the high
efficiency frame including, at least in part, one or
more high efficiency signal fields;

determine one or more indication bits included in at
least one of the one or more high efficiency fields, the
one or more indication bits are associated with the
one or more subchannels; and

cause to send the high efficiency frame to the first
device over the wireless communication channel.

2. The wireless communication device of claim 1,
wherein the wireless communication channel is a non-
contiguous channel or a contiguous channel.

3. The wireless communication device of claim 2,
wherein the one or more subchannels include a primary
sub-channel and one or more secondary sub-channels.

4. The wireless communication device of claim 1,
wherein the one or more high efficiency signal fields include
at least one of a high efficiency signal A (HE-SIG-A) field
and a high efficiency signal B (HE-SIG-B) field.

5. The wireless communication device of claim 1,
wherein the one or more indication bits indicate at least one
used subchannel of the one or more subchannels within the
wireless communication channel.

6. The wireless communication device of claim 4,
wherein the at least one processor is further configured to
execute the computer-executable instructions to:

determine one or more resource on units associated with

the at least one used subchannel; and

modify the HE-SIG-B field based at least in part on one

Or more resource units.

7. The wireless communication device of claim 1,
wherein the at least one processor is further configured to
execute the computer-executable instructions to:

determine a resource unit index associated with a first

subchannel in the first subchannel group;

determine that the resource unit index allocates a first

resource unit greater than a predetermined resource unit
size; and

utilize a subchannel used by the resource unit index as

part of the first resource unit.

8. The wireless communication device of claim 1,
wherein the at least one processor is further configured to
execute the computer-executable instructions to determine a
subchannel configuration list of at least one of the one or
more subchannels, wherein the subchannel configuration list
includes a predetermined subset of used subchannels within
the wireless communication channel.

9. The wireless communication device of claim 1, further
comprising a transceiver configured to transmit and receive
wireless signals.
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10. The wireless communication device of claim 9, fur-
ther comprising one or more antennas coupled to the trans-
ceiver.

11. A non-transitory computer-readable medium storing
computer-executable instructions which, when executed by
a processor, cause the processor to perform operations
comprising:

identifying a wireless communication channel with a first

device in accordance with a wireless communication
standard, the wireless communication channel, com-
prising one or more subchannels;

identifying a high efficiency frame in accordance with a

high efficiency communication standard the high effi-
ciency frame including, at least in part, one or more
high efficiency signal fields;
identifying one or more indication bits included in at least
one of the one or more high efficiency fields; and

determining a used subchannels of the one or more
subchannels based at least in part on the one or more
indication bits.

12. The non-transitory computer-readable medium of
claim 11, wherein the one or more high efficiency signal
fields include at least one of a high efficiency signal A
(HE-SIG-A) field and a high efficiency signal B (HE-SIG-B)
field.

13. The non-transitory computer-readable medium of
claim 11, wherein the computer-executable instructions
cause the processor to further perform operations compris-
ing determining a subchannel configuration list of at least
one of the one or more subchannels, wherein the subchannel
configuration list includes a predetermined subset of used
subchannels within the wireless communication channel.

14. The non-transitory computer-readable medium of
claim 11, wherein the wireless communication channel is a
non-contiguous channel including one or more sub-chan-
nels.

15. The non-transitory computer-readable medium of
claim 11, wherein the one or more indication bits are
associated with a bandwidth of the wireless communication
channel.

16. The non-transitory computer-readable medium of
claim 12, wherein the one or more indication bits are
included in the HE-SIG-A field.

17. The non-transitory computer-readable medium of
claim 15, wherein the bandwidth of the wireless communi-
cation channel includes at least one of a 20 MHz, 40 MHz,
80 MHz, or 160 MHz.

18. A method comprising:

determining a wireless communication channel with a

first device in accordance with a wireless communica-
tion standard, the wireless communication channel,
comprising one or more subchannels;

generating a high efficiency frame in accordance with a
high efficiency communication standard the high effi-
ciency frame including, at least in part, one or more
high efficiency signal fields;

determining one or more indication bits included in at
least one of the one or more high efficiency fields, the
one or more indication bits are associated with the one
or more subchannels; and

causing to send the high efficiency frame to the first
device over the wireless communication channel.
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19. The method of claim 18, wherein the wireless com-
munication channel is a non-contiguous channel or a con-
tiguous channel.

20. The method of claim 18, wherein the one or more
subchannels include a primary sub-channel and one or more
secondary sub-channels.

#* #* #* #* #*
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