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(57) Systems, methods, and devices for high-effi-
ciency wireless frequency division multiplexing are pro-
vided. A method includes exchanging, at an access point,
at least one frame reserving a wireless medium with at
least one of a first and second wireless device. The meth-
od further includes receiving a first communication on a
first set of wireless frequencies from the first wireless
device. The method further includes receiving a second
communication, at least partially concurrent with the first
communication, on a second set of wireless frequencies
from the second wireless device. The method further in-
cludes transmitting at least one acknowledgment of the
first and second communication. The first set and the
second set are mutually exclusive subsets of a set of
wireless frequencies available for use by both the first
and second wireless device.
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Description

FIELD

[0001] The present application relates generally to
wireless communications, and more specifically to sys-
tems, methods, and devices for frequency multiplexed
wireless communication in dense wireless environments.

BACKGROUND

[0002] In many telecommunication systems, commu-
nications networks are used to exchange messages
among several interacting spatially-separated devices.
Networks can be classified according to geographic
scope, which could be, for example, a metropolitan area,
a local area, or a personal area. Such networks would
be designated respectively as a wide area network
(WAN), metropolitan area network (MAN), local area net-
work (LAN), wireless local area network (WLAN), or per-
sonal area network (PAN). Networks also differ according
to the switching/routing technique used to interconnect
the various network nodes and devices (for example, cir-
cuit switching vs. packet switching), the type of physical
media employed for transmission (for example, wired vs.
wireless), and the set of communication protocols used
(for example, Internet protocol suite, SONET (Synchro-
nous Optical Networking), Ethernet, etc.).
[0003] Wireless networks are often preferred when the
network elements are mobile and thus have dynamic
connectivity needs, or if the network architecture is
formed in an ad hoc, rather than fixed, topology. Wireless
networks employ intangible physical media in an unguid-
ed propagation mode using electromagnetic waves in
the radio, microwave, infra-red, optical, etc. frequency
bands. Wireless networks advantageously facilitate user
mobility and rapid field deployment when compared to
fixed wired networks.
[0004] However, multiple wireless networks may exist
in the same building, in nearby buildings, and/or in the
same outdoor area. The prevalence of multiple wireless
networks may cause interference, reduced throughput
(for example, because each wireless network is operat-
ing in the same area and/or spectrum), and/or prevent
certain devices from communicating. Thus, improved
systems, methods, and devices for communicating when
wireless networks are densely populated are desired.

SUMMARY

[0005] The systems, methods, and devices of the in-
vention each have several aspects, no single one of
which is solely responsible for its desirable attributes.
Without limiting the scope of this invention as expressed
by the claims which follow, some features will now be
discussed briefly. After considering this discussion, and
particularly after reading the section entitled "Detailed
Description" one will understand how the features of this

invention provide advantages that include improved
communications between access points and stations in
a wireless network.
[0006] One aspect of this disclosure provides a method
of high-efficiency wireless frequency division multiplex-
ing. The method includes determining, at an access
point, a performance characteristic for each wireless de-
vice in a set of wireless devices associated with the ac-
cess point. The method further includes categorizing
each wireless device in the set into at least a first and
second subset of wireless devices based on the perform-
ance characteristic. The method further includes receiv-
ing communications from the first subset of wireless de-
vices on a first set of wireless frequencies. The method
further includes receiving communications from the sec-
ond subset of wireless devices on a second set of wire-
less frequencies, the second set of wireless frequencies
being a subset of the first. The first set of wireless devices
have a higher performance characteristic than the sec-
ond set of wireless devices.
[0007] Another aspect provides an access point con-
figured to perform high-efficiency wireless frequency di-
vision multiplexing. The access point includes a proces-
sor configured to determine a performance characteristic
for each wireless device in a set of wireless devices as-
sociated with the access point. The processor is further
configured to categorize each wireless device in the set
into at least a first and second subset of wireless devices
based on the performance characteristic. The access
point further includes a receiver configured to receive
communications from the first subset of wireless devices
on a first set of wireless frequencies. The receiver is fur-
ther configured to receive communications from the sec-
ond subset of wireless devices on a second set of wire-
less frequencies, the second set of wireless frequencies
being a subset of the first. The first set of wireless devices
have a higher performance characteristic than the sec-
ond set of wireless devices.
[0008] Another aspect provides an apparatus for high-
efficiency wireless frequency division multiplexing. The
apparatus includes means for determining, at an access
point, a performance characteristic for each wireless de-
vice in a set of wireless devices associated with the ac-
cess point. The apparatus further includes means for cat-
egorizing each wireless device in the set into at least a
first and second subset of wireless devices based on the
performance characteristic. The apparatus further in-
cludes means for receiving communications from the first
subset of wireless devices on a first set of wireless fre-
quencies. The apparatus further includes means for re-
ceiving communications from the second subset of wire-
less devices on a second set of wireless frequencies, the
second set of wireless frequencies being a subset of the
first. The first set of wireless devices have a higher per-
formance characteristic than the second set of wireless
devices.
[0009] Another aspect provides a non-transitory com-
puter-readable medium including code that, when exe-
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cuted, causes an apparatus to determine, at an access
point, a performance characteristic for each wireless de-
vice in a set of wireless devices associated with the ac-
cess point. The medium further includes code that, when
executed, causes the apparatus to categorize each wire-
less device in the set into at least a first and second subset
of wireless devices based on the performance charac-
teristic. The medium further includes code that, when ex-
ecuted, causes the apparatus to receive communications
from the first subset of wireless devices on a first set of
wireless frequencies. The medium further includes code
that, when executed, causes the apparatus to receive
communications from the second subset of wireless de-
vices on a second set of wireless frequencies, the second
set of wireless frequencies being a subset of the first.
The first set of wireless devices have a higher perform-
ance characteristic than the second set of wireless de-
vices.
[0010] Another aspect provides a method of high-effi-
ciency wireless frequency division multiplexing. The
method includes receiving, at a first wireless device, a
reference signal from an associated access point, the
reference signal indicative of a time of joint transmission
with at least a second wireless device. The method fur-
ther includes transmitting a first communication to the
access point based on the reference signal, the commu-
nication utilizing a first subset of wireless frequencies
available for use. The first communication is concurrent
with a second communication, from the second wireless
device, utilizing a second subset of wireless frequencies,
the second subset excluding the first subset.
[0011] Another aspect provides a first wireless device
configured to perform high-efficiency wireless frequency
division multiplexing. The device includes a receiver con-
figured to receive a reference signal from an associated
access point, the reference signal indicative of a time of
joint transmission with at least a second wireless device.
The device further includes a transmitter configured to
transmit a first communication to the access point based
on the reference signal, the communication utilizing a
first subset of wireless frequencies available for use. The
first communication is concurrent with a second commu-
nication, from the second wireless device, utilizing a sec-
ond subset of wireless frequencies, the second subset
excluding the first subset.
[0012] Another aspect provides an apparatus for high-
efficiency wireless frequency division multiplexing. The
apparatus includes means for receiving, at a first wireless
device, a reference signal from an associated access
point, the reference signal indicative of a time of joint
transmission with at least a second wireless device. The
apparatus further includes means for transmitting a first
communication to the access point based on the refer-
ence signal, the communication utilizing a first subset of
wireless frequencies available for use. The first commu-
nication is concurrent with a second communication, from
the second wireless device, utilizing a second subset of
wireless frequencies, the second subset excluding the

first subset.
[0013] Another aspect provides non-transitory compu-
ter-readable medium including code that, when execut-
ed, causes an apparatus to receive, at a first wireless
device, a reference signal from an associated access
point, the reference signal indicative of a time of joint
transmission with at least a second wireless device. The
medium further includes code that, when executed, caus-
es the apparatus to transmit a first communication to the
access point based on the reference signal, the commu-
nication utilizing a first subset of wireless frequencies
available for use. The first communication is concurrent
with a second communication, from the second wireless
device, utilizing a second subset of wireless frequencies,
the second subset excluding the first subset.
[0014] Another aspect provides a method of high-effi-
ciency wireless frequency division multiplexing. The
method includes exchanging, at an access point, at least
one protection frame with at least one of a first and second
wireless device. The method further includes receiving
a first communication on a first set of wireless frequencies
from at least the first wireless device device. The method
further includes receiving a second communication, at
least partially concurrent with the first communication, on
a second set of wireless frequencies from the second
wireless device. The method further includes transmitting
at least one acknowledgment of the first and second com-
munication. The first set and the second set are mutually
exclusive subsets of a set of wireless frequencies avail-
able for use by both the first and second wireless device.
[0015] Another aspect provides an access point con-
figured to perform high-efficiency wireless frequency di-
vision multiplexing. The access point includes a proces-
sor configured to exchange at least one protection frame
with at least one of a first and second wireless device.
The access point further includes a receiving configured
to receive a first communication on a first set of wireless
frequencies from at least the first wireless device device.
The receiver is further configured to receive a second
communication, at least partially concurrent with the first
communication, on a second set of wireless frequencies
from the second wireless device. The access point further
includes a transmitter configured to transmit at least one
acknowledgment of the first and second communication.
The first set and the second set are mutually exclusive
subsets of a set of wireless frequencies available for use
by both the first and second wireless device.
[0016] Another aspect provides an apparatus for high-
efficiency wireless frequency division multiplexing. The
apparatus includes means for exchanging, at an access
point, at least one protection frame with at least one of a
first and second wireless device. The apparatus further
includes means for receiving a first communication on a
first set of wireless frequencies from at least the first wire-
less device device. The apparatus further includes
means for receiving a second communication, at least
partially concurrent with the first communication, on a
second set of wireless frequencies from the second wire-
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less device. The apparatus further includes means for
transmitting at least one acknowledgment of the first and
second communication. The first set and the second set
are mutually exclusive subsets of a set of wireless fre-
quencies available for use by both the first and second
wireless device.
[0017] Another aspect provides a non-transitory com-
puter-readable medium including code that, when exe-
cuted, causes an apparatus to exchange, at an access
point, at least one protection frame with at least one of a
first and second wireless device. The medium further in-
cludes code that, when executed, causes the apparatus
to receive a first communication on a first set of wireless
frequencies from at least the first wireless device device.
The medium further includes code that, when executed,
causes the apparatus to receive a second communica-
tion, at least partially concurrent with the first communi-
cation, on a second set of wireless frequencies from the
second wireless device. The medium further includes
code that, when executed, causes the apparatus to trans-
mit at least one acknowledgment of the first and second
communication. The first set and the second set are mu-
tually exclusive subsets of a set of wireless frequencies
available for use by both the first and second wireless
device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

FIG. 1 shows an exemplary wireless communication
system in which aspects of the present disclosure
can be employed.
FIG. 2A shows a wireless communication system in
which multiple wireless communication networks are
present.
FIG. 2B shows another wireless communication sys-
tem in which multiple wireless communication net-
works are present.
FIG. 3 shows frequency multiplexing techniques that
can be employed within the wireless communication
systems of FIGS. 1 and 2B.
FIG. 4 shows a functional block diagram of an ex-
emplary wireless device that can be employed within
the wireless communication systems of FIGS. 1, 2B,
and 3.
FIG. 5A shows the wireless communication system
in which aspects of the present disclosure can be
employed.
FIGS. 5B-5C show a timing diagram in which aspects
of the present disclosure can be employed.
FIGS. 6A-6C show another timing diagram in which
aspects of the present disclosure can be employed.
FIGS. 6D-6F show another timing diagram in which
aspects of the present disclosure can be employed.
FIG. 7A shows an example reference signal that can
be employed within the wireless communication sys-
tems of FIGS. 1, 2B, and 3.

FIG. 7B shows exemplary reference signal formats
and fields that can be employed within the wireless
communication systems of FIGS. 1, 2B, and 3.
FIG. 7C shows an example reference signal that can
be employed within the wireless communication sys-
tems of FIGS. 1, 2B, and 3.
FIG. 8 shows another timing diagram in which as-
pects of the present disclosure can be employed.
FIGS. 9A-9D show additional timing diagrams in
which aspects of the present disclosure can be em-
ployed.
FIG. 10 shows a flowchart for an exemplary method
of wireless communication that can be employed
within the wireless communication system 500 of
FIG. 5.
FIG. 11 shows a flowchart for another exemplary
method of wireless communication that can be em-
ployed within the wireless communication system
500 of FIG. 5.
FIG. 12 shows a flowchart for an exemplary method
of wireless communication that can be employed
within the wireless communication system 500 of
FIG. 5.

DETAILED DESCRIPTION

[0019] Various aspects of the novel systems, appara-
tuses, and methods are described more fully hereinafter
with reference to the accompanying drawings. This dis-
closure may, however, be embodied in many different
forms and should not be construed as limited to any spe-
cific structure or function presented throughout this dis-
closure. Rather, these aspects are provided so that this
disclosure will be thorough and complete, and will fully
convey the scope of the disclosure to those skilled in the
art. Based on the teachings herein one skilled in the art
should appreciate that the scope of the disclosure is in-
tended to cover any aspect of the novel systems, appa-
ratuses, and methods disclosed herein, whether imple-
mented independently of, or combined with, any other
aspect of the invention. For example, an apparatus can
be implemented or a method can be practiced using any
number of the aspects set forth herein. In addition, the
scope of the invention is intended to cover such an ap-
paratus or method which is practiced using other struc-
ture, functionality, or structure and functionality in addi-
tion to or other than the various aspects of the invention
set forth herein. It should be understood that any aspect
disclosed herein can be embodied by one or more ele-
ments of a claim.
[0020] Although particular aspects are described here-
in, many variations and permutations of these aspects
fall within the scope of the disclosure. Although some
benefits and advantages of the preferred aspects are
mentioned, the scope of the disclosure is not intended
to be limited to particular benefits, uses, or objectives.
Rather, aspects of the disclosure are intended to be
broadly applicable to different wireless technologies, sys-
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tem configurations, networks, and transmission proto-
cols, some of which are illustrated by way of example in
the figures and in the following description of the pre-
ferred aspects. The detailed description and drawings
are merely illustrative of the disclosure rather than limit-
ing, the scope of the disclosure being defined by the ap-
pended claims and equivalents thereof.
[0021] Popular wireless network technologies may in-
clude various types of wireless local area networks
(WLANs). A WLAN can be used to interconnect nearby
devices together, employing widely used networking pro-
tocols. The various aspects described herein may apply
to any communication standard, such as a wireless pro-
tocol.
[0022] In some aspects, wireless signals can be trans-
mitted according to a high-efficiency 802.11 protocol us-
ing orthogonal frequency-division multiplexing (OFDM),
direct-sequence spread spectrum (DSSS) communica-
tions, a combination of OFDM and DSSS communica-
tions, or other schemes. Implementations of the high-
efficiency 802.11 protocol can be used for Internet ac-
cess, sensors, metering, smart grid networks, or other
wireless applications. Advantageously, aspects of cer-
tain devices implementing the high-efficiency 802.11 pro-
tocol using the techniques disclosed herein may include
allowing for increased peer-to-peer services (for exam-
ple, Miracast, WiFi Direct Services, Social WiFi, etc.) in
the same area, supporting increased per-user minimum
throughput requirements, supporting more users, provid-
ing improved outdoor coverage and robustness, and/or
consuming less power than devices implementing other
wireless protocols.
[0023] In some implementations, a WLAN includes
various devices which are the components that access
the wireless network. For example, there can be two
types of devices: access points ("APs") and clients (also
referred to as stations, or "STAs"). In general, an AP may
serve as a hub or base station for the WLAN and an STA
serves as a user of the WLAN. For example, an STA can
be a laptop computer, a personal digital assistant (PDA),
a mobile phone, etc. In an example, an STA connects to
an AP via a WiFi (for example, IEEE 802.11 protocol)
compliant wireless link to obtain general connectivity to
the Internet or to other wide area networks. In some im-
plementations an STA may also be used as an AP.
[0024] An access point ("AP") may also comprise, be
implemented as, or known as a NodeB, Radio Network
Controller ("RNC"), eNodeB, Base Station Controller
("BSC"), Base Transceiver Station ("BTS"), Base Station
("BS"), Transceiver Function ("TF"), Radio Router, Radio
Transceiver, or some other terminology.
[0025] A station "STA" may also comprise, be imple-
mented as, or known as an access terminal ("AT"), a
subscriber station, a subscriber unit, a mobile station, a
remote station, a remote terminal, a user terminal, a user
agent, a user device, user equipment, or some other ter-
minology. In some implementations an access terminal
may comprise a cellular telephone, a cordless telephone,

a Session Initiation Protocol ("SIP") phone, a wireless
local loop ("WLL") station, a personal digital assistant
("PDA"), a handheld device having wireless connection
capability, or some other suitable processing device con-
nected to a wireless modem. Accordingly, one or more
aspects taught herein can be incorporated into a phone
(for example, a cellular phone or smartphone), a compu-
ter (for example, a laptop), a portable communication de-
vice, a headset, a portable computing device (for exam-
ple, a personal data assistant), an entertainment device
(for example, a music or video device, or a satellite radio),
a gaming device or system, a global positioning system
device, or any other suitable device that is configured to
communicate via a wireless medium.
[0026] As discussed above, certain of the devices de-
scribed herein may implement a high-efficiency 802.11
standard, for example. Such devices, whether used as
an STA or AP or other device, can be used for smart
metering or in a smart grid network. Such devices may
provide sensor applications or be used in home automa-
tion. The devices may instead or in addition be used in
a healthcare context, for example for personal health-
care. They may also be used for surveillance, to enable
extended-range Internet connectivity (for example, for
use with hotspots), or to implement machine-to-machine
communications.
[0027] FIG. 1 shows an exemplary wireless communi-
cation system 100 in which aspects of the present dis-
closure can be employed. The wireless communication
system 100 may operate pursuant to a wireless standard,
for example a high-efficiency 802.11 standard. The wire-
less communication system 100 may include an AP 104,
which communicates with STAs 106.
[0028] A variety of processes and methods can be
used for transmissions in the wireless communication
system 100 between the AP 104 and the STAs 106. For
example, signals can be sent and received between the
AP 104 and the STAs 106 in accordance with
OFDM/OFDMA techniques. If this is the case, the wire-
less communication system 100 can be referred to as an
OFDM/OFDMA system. Alternatively, signals can be
sent and received between the AP 104 and the STAs
106 in accordance with code division multiple access
(CDMA) techniques. If this is the case, the wireless com-
munication system 100 can be referred to as a CDMA
system.
[0029] A communication link that facilitates transmis-
sion from the AP 104 to one or more of the STAs 106
can be referred to as a downlink (DL) 108, and a com-
munication link that facilitates transmission from one or
more of the STAs 106 to the AP 104 can be referred to
as an uplink (UL) 110. Alternatively, a downlink 108 can
be referred to as a forward link or a forward channel, and
an uplink 110 can be referred to as a reverse link or a
reverse channel.
[0030] The AP 104 may act as a base station and pro-
vide wireless communication coverage in a basic service
area (BSA) 102. The AP 104 along with the STAs 106
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associated with the AP 104 and that use the AP 104 for
communication can be referred to as a basic service set
(BSS). It should be noted that the wireless communica-
tion system 100 may not have a central AP 104, but rather
may function as a peer-to-peer network between the
STAs 106. Accordingly, the functions of the AP 104 de-
scribed herein may alternatively be performed by one or
more of the STAs 106.
[0031] In some aspects, a STA 106 can be required to
associate with the AP 104 in order to send communica-
tions to and/or receive communications from the AP 104.
In one aspect, information for associating is included in
a broadcast by the AP 104. To receive such a broadcast,
the STA 106 may, for example, perform a broad coverage
search over a coverage region. A search may also be
performed by the STA 106 by sweeping a coverage re-
gion in a lighthouse fashion, for example. After receiving
the information for associating, the STA 106 may transmit
a reference signal, such as an association probe or re-
quest, to the AP 104. In some aspects, the AP 104 may
use backhaul services, for example, to communicate with
a larger network, such as the Internet or a public switched
telephone network (PSTN).
[0032] In an embodiment, the AP 104 includes an AP
high-efficiency wireless component (HEWC) 154. The
AP HEWC 154 may perform some or all of the operations
described herein to enable communications between the
AP 104 and the STAs 106 using the high-efficiency
802.11 protocol. The functionality of some implementa-
tions of the AP HEWC 154 is described in greater detail
below with respect to FIGS. 2B, 3, 4, and 8.
[0033] Alternatively or in addition, the STAs 106 may
include a STA HEWC 156. The STA HEWC 156 may
perform some or all of the operations described herein
to enable communications between the STAs 106 and
the AP 104 using the highfrequency 802.11 protocol. The
functionality of some implementations of the STA HEWC
156 is described in greater detail below with respect to
FIGS. 2B, 3, 4, 8B, and 10B.
[0034] In some circumstances, a BSA can be located
near other BSAs. For example, FIG. 2A shows a wireless
communication system 200 in which multiple wireless
communication networks are present. As illustrated in
FIG. 2A, BSAs 202A, 202B, and 202C can be physically
located near each other. Despite the close proximity of
the BSAs 202A-202C, the APs 204A-204C and/or STAs
206A-206H may each communicate using the same
spectrum. Thus, if a device in the BSA 202C (for example,
the AP 204C) is transmitting data, devices outside the
BSA 202C (for example, APs 204A-204B or STAs 206A-
206F) may sense the communication on the medium.
[0035] Generally, wireless networks that use a regular
802.11 protocol (for example, 802.11a, 802.11b,
802.11g, 802.11n, etc.) operate under a carrier sense
multiple access (CSMA) mechanism for medium access.
According to CSMA, devices sense the medium and only
transmit when the medium is sensed to be idle. Thus, if
the APs 204A-204C and/or STAs 206A-206H are oper-

ating according to the CSMA mechanism and a device
in the BSA 202C (for example, the AP 204C) is transmit-
ting data, then the APs 204A-204B and/or STAs 206A-
206F outside of the BSA 202C may not transmit over the
medium even though they are part of a different BSA.
[0036] FIG. 2A illustrates such a situation. As illustrat-
ed in FIG. 2A, AP 204C is transmitting over the medium.
The transmission is sensed by STA 206G, which is in the
same BSA 202C as the AP 204C, and by STA 206A,
which is in a different BSA than the AP 204C. While the
transmission can be addressed to the STA 206G and/or
only STAs in the BSA 202C, STA 206A nonetheless may
not be able to transmit or receive communications (for
example, to or from the AP 204A) until the AP 204C (and
any other device) is no longer transmitting on the medi-
um. Although not shown, the same may apply to STAs
206D-206F in the BSA 202B and/or STAs 206B-206C in
the BSA 202A as well (for example, if the transmission
by the AP 204C is stronger such that the other STAs can
sense the transmission on the medium).
[0037] The use of the CSMA mechanism then creates
inefficiencies because some APs or STAs outside of a
BSA can be able to transmit data without interfering with
a transmission made by an AP or STA in the BSA. As
the number of active wireless devices continues to grow,
the inefficiencies can begin to significantly affect network
latency and throughput. For example, significant network
latency issues may appear in apartment buildings, in
which each apartment unit may include an access point
and associated stations. In fact, each apartment unit may
include multiple access points, as a resident may own a
wireless router, a video game console with wireless me-
dia center capabilities, a television with wireless media
center capabilities, a cell phone that can act like a per-
sonal hot-spot, and/or the like. Correcting the inefficien-
cies of the CSMA mechanism may then be vital to avoid
latency and throughput issues and overall user dissatis-
faction.
[0038] Such latency and throughput issues may not be
confined to residential areas. For example, multiple ac-
cess points can be located in airports, subway stations,
and/or other densely-populated public spaces. Currently,
WiFi access can be offered in these public spaces, but
for a fee. If the inefficiencies created by the CSMA mech-
anism are not corrected, then operators of the wireless
networks may lose customers as the fees and lower qual-
ity of service begin to outweigh any benefits.
[0039] Accordingly, the high-efficiency 802.11 protocol
described herein may allow for devices to operate under
a modified mechanism that minimizes these inefficien-
cies and increases network throughput. Such a mecha-
nism is described below with respect to FIGS. 2B, 3, and
4. Additional aspects of the high-efficiency 802.11 pro-
tocol are described below with respect to FIGS. 5-13.
[0040] FIG. 2B shows a wireless communication sys-
tem 250 in which multiple wireless communication net-
works are present. Unlike the wireless communication
system 200 of FIG. 2A, the wireless communication sys-
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tem 250 may operate pursuant to the high-efficiency
802.11 standard discussed herein. The wireless commu-
nication system 250 may include an AP 254A, an AP
254B, and an AP 254C. The AP 254A may communicate
with STAs 256A-256C, the AP 254B may communicate
with STAs 256D-256F, and the AP 254C may communi-
cate with STAs 256G-256H.
[0041] A variety of processes and methods can be
used for transmissions in the wireless communication
system 250 between the APs 254A-254C and the STAs
256A-256H. For example, signals can be sent and re-
ceived between the APs 254A-254C and the STAs 256A-
256H in accordance with OFDM/OFDMA techniques or
CDMA techniques.
[0042] The AP 254A may act as a base station and
provide wireless communication coverage in a BSA
252A. The AP 254B may act as a base station and provide
wireless communication coverage in a BSA 252B. The
AP 254C may act as a base station and provide wireless
communication coverage in a BSA 252C. It should be
noted that each BSA 252A, 252B, and/or 252C may not
have a central AP 254A, 254B, or 254C, but rather may
allow for peer-to-peer communications between one or
more of the STAs 256A-256H. Accordingly, the functions
of the AP 254A-254C described herein may alternatively
be performed by one or more of the STAs 256A-256H.
[0043] In an embodiment, the APs 254A-254C and/or
STAs 256A-256H include a high-efficiency wireless com-
ponent. As described herein, the high-efficiency wireless
component may enable communications between the
APs and STAs using the high-efficiency 802.11 protocol.
In particular, the high-efficiency wireless component may
enable the APs 254A-254C and/or STAs 256A-256H to
use a modified mechanism that minimizes the inefficien-
cies of the CSMA mechanism (for example, enables con-
current communications over the medium in situations in
which interference would not occur). The high-efficiency
wireless component is described in greater detail below
with respect to FIG. 4.
[0044] As illustrated in FIG. 2B, the BSAs 252A-252C
are physically located near each other. When, for exam-
ple, AP 254A and STA 256B are communicating with
each other, the communication can be sensed by other
devices in BSAs 252B-252C. However, the communica-
tion may only interfere with certain devices, such as STA
256F and/or STA 256G. Under CSMA, AP 254B would
not be allowed to communicate with STA 256E even
though such communication would not interfere with the
communication between AP 254A and STA 256B. Thus,
the high-efficiency 802.11 protocol operates under a
modified mechanism that differentiates between devices
that can communicate concurrently and devices that can-
not communicate concurrently. In various embodiments
used herein, "concurrently" can mean at least partially
overlapping in time. Such classification of devices can
be performed by the high-efficiency wireless component
in the APs 254A-254C and/or the STAs 256A-256H.
[0045] In an embodiment, the determination of whether

a device can communicate concurrently with other de-
vices is based on a "location" of the device. For example,
a STA that is located near an "edge" of the BSA can be
in a state or condition such that the STA cannot commu-
nicate concurrently with other devices. As illustrated in
FIG. 2B, STAs 206A, 206F, and 206G can be devices
that are in a state or condition in which they cannot com-
municate concurrently with other devices. Likewise, a
STA that is located near the center of the BSA can be in
a station or condition such that the STA can communicate
concurrently with other devices. As illustrated in FIG. 2B,
STAs 206B, 206C, 206D, 206E, and 206H can be devices
that are in a state or condition in which they can commu-
nicate concurrently with other devices. Note that the clas-
sification of devices is not permanent. Devices may tran-
sition between being in a state or condition such that they
can communicate concurrently and being in a state or
condition such that they cannot communicate concur-
rently (for example, devices may change states or con-
ditions when in motion, when associating with a new AP,
when disassociating, etc.).
[0046] As used herein, a device can be classified as
an "edge" device based on a physical location, a radio
"location" (for example, a radio frequency characteristic),
or a combination thereof. For example, in the illustrated
embodiment, the STA 256B can be physically close to
the AP 254A. Accordingly, the STA 256B can be classi-
fied as an inner-cell device (i.e., not an "edge" device)
based on its physical proximity to the AP 254A. Particu-
larly, the STA 256B can be likely to successfully commu-
nicate with the AP 254A, even while the STA 256G is
concurrently transmitting.
[0047] On the other hand, the STA 256C can be phys-
ically close to the AP 254A, but its antenna might be
oriented poorly for communication with the AP 254A. For
example, it’s the STA 256C could have a directional an-
tenna pointed at the STA 256G. Accordingly, although
the STA 256C might be physically close to the AP 254A,
it can be classified as an edge device due to poor RF
characteristics with respect to the AP 254A. In other
words, the STA 256C might be unlikely to successfully
communicate with the AP 254A while the STA 256G is
concurrently transmitting.
[0048] In another example, the STA 256A might be
physically close to the AP 254A, but it might also be phys-
ically close to the STA 256G. Due to the proximity be-
tween the STA 256A and the STA 256G, the STA 256A
might be unlikely to successfully communicate with the
AP 254A while the STA 256G is concurrently transmit-
ting. In this embodiment, the STA 256A might also be
characterized as an edge device.
[0049] In various embodiments, RF characteristics that
affect the characterization of a STA as an inner-cell de-
vice or a cell-edge device can include one or more of: a
signal-to-interference-plus-noise ratio (SINR), an RF ge-
ometry, a received signal strength indicator (RSSI), a
modulation and coding scheme (MCS) value, an inter-
ference level, a signal level, etc. In various embodiments,
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one or more physical and RF characteristics can be com-
pared to one or more threshold levels. The comparisons
can be weighted and/or combined. In various embodi-
ments, devices can be determined to be in a condition
such that they can or cannot communicate concurrently
based on the solitary, weighted, and/or combined phys-
ical and RF characteristics and associated thresholds.
[0050] Devices can be configured to behave differently
based on whether they are ones that are or are not in a
state or condition to communicate concurrently with other
devices. For example, devices that are in a state or con-
dition such that they can communicate concurrently
(which can be referred to herein as "inner cell" devices)
may communicate within the same spectrum. However,
devices that are in a state or condition such that they
cannot communicate concurrently (which can be referred
to herein as "cell-edge" devices) may employ certain
techniques, such as spatial multiplexing or frequency do-
main multiplexing, in order to communicate over the me-
dium. The controlling of the behavior of the devices can
be performed by the high-efficiency wireless component
in the APs 254A-254C and/or the STAs 256A-256H.
[0051] In an embodiment, cell-edge devices use spa-
tial multiplexing techniques to communicate over the me-
dium. For example, power and/or other information can
be embedded within the preamble of a packet transmitted
by another device. A device in a state or condition such
that the device cannot communicate concurrently may
analyze the preamble when the packet is sensed on the
medium and decide whether or not to transmit based on
a set of rules.
[0052] In another embodiment, cell-edge devices use
frequency domain multiplexing techniques to communi-
cate over the medium. For example, in one embodiment,
a first subset of cell-edge devices can communicate us-
ing a first subset of available bandwidth. A second subset
of cell-edge devices can communicate using a second
subset of available bandwidth. Meanwhile, inner cell de-
vices can communicate using an entirety of available
bandwidth, or a third subset of available bandwidth. In
various embodiments, the third subset can be larger than
the first and/or second subsets. In some embodiments,
the third subset can intersect with the first and/or second
subsets. In some embodiments, the third subset can in-
clude all available bandwidth (for example, all bandwidth
licensed for use according to a specific technology such
as 802.11). Although channels, sub-channels, available
bandwidth, and subsets thereof, are generally depicted
herein as contiguous, a person having ordinary skill in
the art will appreciate that the terms used herein can also
encompass contiguous frequencies, interleaved fre-
quencies, sets of adjacent or non-adjacent tones with or
without frequency hopping, etc.
[0053] For example, with continuing reference to FIG.
2B, STAs 256A, 256C, and 256G can be cell-edge de-
vices, while STAs 256B and 256H can be inner-cell de-
vices. Accordingly, in an embodiment, the STAs 256A
and 256C may form a first subset of cell-edge devices

configured to communicate with the AP 254A on a first
sub-channel (or set of sub-channels). The first subset of
cell-edge devices can be associated with a first BSA
252A. The STA 256G may form a second subset of cell-
edge devices configured to communicate with the AP
254C on a second sub-channel (or set of sub-channels),
which can be orthogonal to the first sub-channel. The
second subset of cell-edge devices can be associated
with a second BSA 252C. Thus, in an embodiment, the
STA 256A can communicate at the same time (but on a
different sub-channel) as the STA 256G.
[0054] Meanwhile, the STA 256B may communicate
with the AP 254A using a third sub-channel and the STA
256H can communicate with the AP 254C using the third
sub-channel. Thus, the STA 256B can communicate at
the same time (and on at least some overlapping chan-
nels) as the STA 256H. Because the STAs 256B and
256H are inner-cell devices, they are unlikely to interfere
with each other. In various embodiments, the STAs 256B
and 256H can also communicate on different overlapping
or non-overlapping sub-channels.
[0055] In some embodiments, one or more devices in
each BSA can coordinate frequency use and re-use so
as to reduce or minimize the chances of interference. For
example, one or more devices in the first BSA 252A can
transmit an instruction to one or more devices in the first
and/or second BSAs 252A and/or 252C, identifying sub-
channels for use by cell-edge devices in one or both
BSAs 252A and 252C. For example, the AP 254A can
instruct the STA 256A to use a specific sub-channel, and
can subsequently instruct the STA 256A to use another
sub-channel. Likewise, the AP 254A can instruct the STA
256G to use a specific sub-channel, and can subsequent-
ly instruct the STA 256G to use another sub-channel.
[0056] In another embodiment, cell-edge devices in
the first BSA 252A can simply start using a first sub-chan-
nel (or set of sub-channels). For example, the cell-edge
devices in the first BSA 252A can choose a first sub-
channel based on one or more RF characteristics such
as the sub-channel or set of sub-channels with the least
interference. The cell-edge devices in the second BSA
252C can observe the use of the first sub-channel and
can choose a second sub-channel (or set of sub-chan-
nels). For example, new interference on the first sub-
channel may cause the cell-edge devices in the second
BSA 252C to choose the second sub-channel.
[0057] In some embodiments, frequency use and re-
use can be uncoordinated. For example, the cell-edge
devices can be configured to hop between sub-channels
on a scheduled, random, or pseudo-random basis. Thus,
the STA 256A can use a specific sub-channel for a first
period of time, and can subsequently use another sub-
channel. Likewise, the STA 256G can use a specific sub-
channel for a first period of time, and can subsequently
use another sub-channel. In some circumstances, the
STAs 256A and 256G might hop to the same sub-channel
by chance. However, they are also likely to occasionally
transmit on different channels.
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[0058] FIG. 3 shows frequency multiplexing tech-
niques that can be employed within the wireless commu-
nication systems 100 of FIG. 1 and 250 of FIG. 2B. As
illustrated in FIG. 3, an AP 304A, 304B, 304C, and 304D
can be present within a wireless communication system
300. Each of the APs 304A, 304B, 304C, and 304D can
be associated with a different BSA and include the high-
efficiency wireless component described herein.
[0059] As an example, an available bandwidth of the
communication medium can be set by a licensing body,
a standards body, or preset or detected by a device. For
example, in an 802.11 standard, an available bandwidth
can be 80MHz. Under a legacy 802.11 protocol, each of
the APs 304A, 304B, 304C, and 304D and the STAs as-
sociated with each respective AP attempt to communi-
cate using the entire bandwidth, which can reduce
throughput. In some instances, each respective AP may
reserve the entire bandwidth while actually communicat-
ing only on a subset of available bandwidth. For example,
a legacy channel can have a 20 MHz bandwidth. How-
ever, under the high-efficiency 802.11 protocol using fre-
quency domain multiplexing, the bandwidth can be divid-
ed into a plurality of sub-channels. In the illustrated em-
bodiment of FIG. 3, for example, the 80 MHz available
bandwidth is divided into four 20MHz segments 308, 310,
312, and 314 (for example, channels). The AP 304A can
be associated with segment 308, the AP 304B can be
associated with segment 310, the AP 304C can be as-
sociated with segment 312, and the AP 304D can be
associated with segment 314. In various embodiments,
other size sub-channels can be used. For example, sub-
channels can be between about 1 MHz and 40 MHZ,
between about 2 MHz and 10 MHz, and more particularly
about 5 MHz. As discussed above, sub-channels can be
contiguous or non-contiguous (for example, interleaved).
[0060] In an embodiment, when the APs 304A-304D
and the STAs that are in a state or condition such that
the STAs can communicate concurrently with other de-
vices (for example, STAs near the center of the BSA) are
communicating with each other, then each AP 304A-
304D and each of these STAs may communicate using
a portion of or the entire 80MHz medium. However, when
the APs 304A-304D and the STAs that are in a state or
condition such that the STAs cannot communicate con-
currently with other devices (for example, STAs near the
edge of the BSA) are communicating with each other,
then AP 304A and its STAs communicate using 20MHz
segment 308, AP 304B and its STAs communicate using
20MHz segment 310, AP 304C and its STAs communi-
cate using 20MHz segment 312, and AP 304D and its
STAs communicate using 20MHz segment 314. Be-
cause the segments 308, 310, 312, and 314 are different
portions of the communication medium, a first transmis-
sion using a first segment would not interference with a
second transmission using a second segment.
[0061] Thus, APs and/or STAs, even those that are in
a state or condition such that they cannot communicate
concurrently with other devices, that include the high-

efficiency wireless component, can communicate con-
currently with other APs and STAs without interference.
Accordingly, the throughput of the wireless communica-
tion system 300 can be increased. In the case of apart-
ment buildings or densely-populated public spaces, APs
and/or STAs that use the high-efficiency wireless com-
ponent may experience reduced latency and increased
network throughput even as the number of active wire-
less devices increases, thereby improving user experi-
ence.
[0062] FIG. 4 shows an exemplary functional block di-
agram of a wireless device 402 that can be employed
within the wireless communication systems 100, 250,
and/or 300 of FIGS. 1, 2B, and 3. The wireless device
402 is an example of a device that can be configured to
implement the various methods described herein. For
example, the wireless device 402 may comprise the AP
104, one of the STAs 106, one of the APs 254, one of
the STAs 256, and/or one of the APs 304.
[0063] The wireless device 402 may include a proces-
sor 404 which controls operation of the wireless device
402. The processor 404 may also be referred to as a
central processing unit (CPU). Memory 406, which may
include both read-only memory (ROM) and random ac-
cess memory (RAM), may provide instructions and data
to the processor 404. A portion of the memory 406 may
also include non-volatile random access memory
(NVRAM). The processor 404 typically performs logical
and arithmetic operations based on program instructions
stored within the memory 406. The instructions in the
memory 406 can be executable to implement the meth-
ods described herein.
[0064] The processor 404 may comprise or be a com-
ponent of a processing system implemented with one or
more processors. The one or more processors can be
implemented with any combination of general-purpose
microprocessors, microcontrollers, digital signal proces-
sors (DSPs), field programmable gate array (FPGAs),
programmable logic devices (PLDs), controllers, state
machines, gated logic, discrete hardware components,
dedicated hardware finite state machines, or any other
suitable entities that can perform calculations or other
manipulations of information.
[0065] The processing system may also include ma-
chine-readable media for storing software. Software shall
be construed broadly to mean any type of instructions,
whether referred to as software, firmware, middleware,
microcode, hardware description language, or otherwise.
Instructions may include code (for example, in source
code format, binary code format, executable code format,
or any other suitable format of code). The instructions,
when executed by the one or more processors, cause
the processing system to perform the various functions
described herein.
[0066] The wireless device 402 may also include a
housing 408 that may include a transmitter 410 and/or a
receiver 412 to allow transmission and reception of data
between the wireless device 402 and a remote location.
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The transmitter 410 and receiver 412 can be combined
into a transceiver 414. An antenna 416 can be attached
to the housing 408 and electrically coupled to the trans-
ceiver 414. The wireless device 402 may also include
(not shown) multiple transmitters, multiple receivers,
multiple transceivers, and/or multiple antennas.
[0067] The wireless device 402 may also include a sig-
nal detector 418 that can be used in an effort to detect
and quantify the level of signals received by the trans-
ceiver 414. The signal detector 418 may detect such sig-
nals as total energy, energy per subcarrier per symbol,
power spectral density and other signals. The wireless
device 402 may also include a digital signal processor
(DSP) 420 for use in processing signals. The DSP 420
can be configured to generate a packet for transmission.
In some aspects, the packet may comprise a physical
layer data unit (PPDU).
[0068] The wireless device 402 may further comprise
a user interface 422 in some aspects. The user interface
422 may comprise a keypad, a microphone, a speaker,
and/or a display. The user interface 422 may include any
element or component that conveys information to a user
of the wireless device 402 and/or receives input from the
user.
[0069] The wireless devices 402 may further comprise
a high-efficiency wireless component 424 in some as-
pects. The high-efficiency wireless component 424 may
include a classifier unit 428 and a transmit control unit
430. As described herein, the high-efficiency wireless
component 424 may enable APs and/or STAs to use a
modified mechanism that minimizes the inefficiencies of
the CSMA mechanism (for example, enables concurrent
communications over the medium in situations in which
interference would not occur).
[0070] The modified mechanism can be implemented
by the classifier unit 428 and the transmit control unit
430. In an embodiment, the classifier unit 428 determines
which devices are in a state or condition such that they
can communicate concurrently with other devices and
which devices are in a state or condition such that they
cannot communicate concurrently with other devices. In
an embodiment, the transmit control unit 430 controls the
behavior of devices. For example, the transmit control
unit 430 may allow certain devices to transmit concur-
rently on the same medium and allow other devices to
transmit using a spatial multiplexing or frequency domain
multiplexing technique. The transmit control unit 430 may
control the behavior of devices based on the determina-
tions made by the classifier unit 428.
[0071] The various components of the wireless device
402 can be coupled together by a bus system 426. The
bus system 426 may include a data bus, for example, as
well as a power bus, a control signal bus, and a status
signal bus in addition to the data bus. Those of skill in
the art will appreciate the components of the wireless
device 402 can be coupled together or accept or provide
inputs to each other using some other mechanism.
[0072] Although a number of separate components are

illustrated in FIG. 4, those of skill in the art will recognize
that one or more of the components can be combined or
commonly implemented. For example, the processor 404
can be used to implement not only the functionality de-
scribed above with respect to the processor 404, but also
to implement the functionality described above with re-
spect to the signal detector 418 and/or the DSP 420.
Further, each of the components illustrated in FIG. 4 can
be implemented using a plurality of separate elements.
[0073] The wireless device 402 may comprise an AP
104, a STA 106, an AP 254, a STA 256, and/or an AP
304, and can be used to transmit and/or receive commu-
nications. That is, either the AP 104, STA 106, AP 254,
STA 256, or AP 304 may serve as transmitter or receiver
devices. Certain aspects contemplate signal detector
418 being used by software running on memory 406 and
processor 404 to detect the presence of a transmitter or
receiver.
[0074] FIG. 5A shows the wireless communication sys-
tem 500 in which aspects of the present disclosure can
be employed. As illustrated in FIG. 5A, the wireless com-
munication system 500 includes a BSA 502. The BSA
502 may include the AP 504 and STAs 506A-506E. In
an embodiment, the AP 504 and the STAs 506A-506D
each include the high-efficiency wireless component dis-
cussed above. However, the STA 506E does not include
the high-efficiency wireless component. Thus, STAs
506A-506D are referred to as high-efficiency STAs,
whereas STA 506E is referred to as a legacy STA (for
example, because it is compatible with regular IEEE
802.11 protocols, such as IEEE 802.11n, IEEE 802.11ac,
etc.).
[0075] In some embodiments, the legacy STA 506E
would reserve an entire available bandwidth (for exam-
ple, 80 MHz) while transmitting to a legacy AP (which
does not include the high-efficiency wireless component)
via a legacy channel (for example, 20 MHz). In an em-
bodiment, the high-efficiency AP 504 can be configured
to receive data on multiple sub-channels simultaneously.
For example, the STA 506A can transmit to the AP 504
via uplink (UL) communication 510, the STA 506B can
transmit to the AP 504 via uplink (UL) communication
512, and the STA 506C can transmit to the AP 504 via
uplink (UL) communication 514 at the same time as the
STA 506E transmits to the AP 504 via uplink (UL) com-
munication 518. In the illustrated embodiment, the UL
communication 518 can be a legacy channel communi-
cation, and the UL communications 510, 512, and 514
can be high-efficiency channel communications occupy-
ing unused available sub-channels. In an embodiment,
the STA 506D can also transmit to the AP 504 via UL
communication 516. As illustrated in FIG. 5A, STAs
506A-506C can be located closer to the AP 504 than
STAs 506D-506E. The UL communications 510, 512,
514, 516, and 518 can be made by the AP 504 according
to the uplink frequency domain multiplexing (UL FDM)
protocol described herein.
[0076] An UL FDM protocol may include three data ex-
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change stages: (1) data transmission; (2) protection; and
(3) acknowledgment. The protection stage may precede
the data transmission stage and the acknowledgment
stage may follow the data transmission stage. In the pro-
tection stage, techniques can be employed to prevent
interference. In the data transmission stage, data one or
more STAs may transmit data to the AP. In the acknowl-
edgment stage, the STAs may confirm that the AP re-
ceived the appropriate data. Each of these stages may
occur concurrently on different channels according to the
frequency domain multiplexing principles discussed
herein. In addition, the UL FDM protocol may include
rules related to the timing of the start of transmissions by
the STAs 306A-306E (FIG. 3).

Data Transmission Stage

[0077] During the UL data transmission stage, data is
transmitted simultaneously by multiple STAs on different
channels. The STAs can transmit on any channel dis-
cussed herein, particularly those within the available
bandwidth. In an embodiment, several data transmission
options are available during the data transmission stage.
In particular, several options are available for allocating
STAs on different channels such that the STAs can com-
municate concurrently. These options may also allow for
both legacy STAs and high-efficiency STAs to commu-
nicate concurrently. Thus, the techniques described
herein to improve network throughput and reduce latency
can be implemented in devices that are compatible with
high-efficiency STAs and that are backwards compatible
with existing legacy STAs.
[0078] For example, an existing PHY layer of the reg-
ular IEEE 802.11 protocol (for example, the 802.11n,
802.11ac, etc.) can be coupled with a new media access
control (MAC) mechanism to allocate STAs on different
channels. As another example, a new PHY layer pream-
ble can be created for the high-efficiency 802.11 protocol
and be used by STAs on different channels. As another
example, the existing PHY layer of the regular IEEE
802.11 protocol and the new PHY layer preamble can be
used by STAs to transmit STAs on different channels
simultaneously or essentially simultaneously.
[0079] FIGS. 5B-5C show a timing diagram in which
aspects of the present disclosure can be employed. In
particular, FIGS. 5B-5C show a timing diagram that can
be used in accordance with the existing PHY layer of the
regular IEEE 802.11 protocol and the new MAC mecha-
nism. As illustrated in FIGS. 5B-5C, four channels are
present: channel 520, channel 522, channel 524, and
channel 526. As discussed above, the term channel used
herein can refer to any of a contiguous portion of spec-
trum or a set of non-adjacent intervals of spectrum, in
which case the term bandwidth for the channel can refer
to the sum of the bandwidth of each interval. As used
herein, channel 526 is referred to as a primary channel
(for example, a default channel used by STAs operating
on the regular IEEE 802.11 protocol) and channels 520,

522, and 524 are referred to as secondary channels. In
some embodiments, legacy STAs can only transmit on
secondary channels in combination with transmission on
the primary channel. In contrast, in various embodiments,
HEW STAs can transmit packets on the primary channel,
on the primary channel in combination with secondary
channels, or on secondary channels without including
the primary channel. The channels 520, 522, 524, and
526 can be contiguous (for example, each channel 520,
522, 524, and 526 covers consecutive 20MHz frequency
ranges, such as from 1000MHz to 1080MHz) or non-
contiguous (for example, there are gaps in frequency be-
tween one or more of the channels 520, 522, 524, and/or
526).
[0080] In one embodiment all transmissions come from
HEW STAs. In another embodiment, one transmission
comes from a legacy STA, and one or more other trans-
missions come from one or more HEW STAs. In various
embodiments, the transmission bandwidth of each STA
can be same or can be different. In various embodiments,
exemplary bandwidths used by each STA can include
one or more of 2.5 MHz, 5 MHz, 7.5 MHz, 10 MHz, 15
MHz, 20 MHz, 30 MHz, 40 MHz, 60 MHz, and 80MHz.
In some embodiments, transmissions from all the STAs
can be allocated such that no transmissions are on ad-
jacent channels.
[0081] In an embodiment, the primary channel (alone
or in combination with additional secondary channels, for
example in legacy 11n/11ac operation) is used for com-
munications from legacy STAs (for example, STA 506E)
to the AP 504. Secondary channels are also used for
communications from high-efficiency STAs (for example,
STAs 506A-506D) to the AP 504.
[0082] In various embodiments, duration of the trans-
mission from multiple STAs can be same or different.
Different amounts of data and different data rate used
for the transmission can result in a different time for the
transmission of each data. In certain cases, it is advan-
tageous that all the transmissions end at the same time,
irrespective of the different minimum times that would be
used by each STA to send the data. In such cases where
all the transmissions end at the same time, each STA
can include one or more additional padding bytes to the
frame, so that the frame length matches a target frame
length. The target duration can be indicated in a frame
received immediately before the transmission (for exam-
ple, the reference signals CTX described below with re-
spect to FIGS. 6A-6C), and/or can be previously negoti-
ated or indicated by the AP. In various embodiments, the
padding operation can be performed by adding one or
more aggregated media access control protocol data unit
(A-MPDU) sub-frames and/or padding bytes, for exam-
ple as defined in the IEEE 802.11ac standard.
[0083] In an embodiment, the AP 504 transmits, and
the STAs 506A-506E receive, a MAC message that as-
sociates the STAs 506A-506E with channels, thereby in-
dicating which channel the AP 504 plans to use to com-
municate or receive a communication with a respective
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STA 506A-506E. In some embodiments, the AP 504 de-
faults to communicating with the STA 506E on the pri-
mary channel since the STA 506E is a legacy STA. Sim-
ilarly, the STA 506E can default to the primary channel
for transmissions to the AP 504. Thus, the AP 504 may
not transmit the MAC message to the STA 506E. Rather,
the AP 504 may transmit the MAC message only to the
high-efficiency STAs 506A-506D. In other embodiments,
the AP 504 transmits the MAC message to each STA
506A-506E. In various embodiments, the MAC message
can include one or more management frames sent from
the AP 504 to the STAs 506A-506D, and can include an
indication of the allocated channel for each STA (either
explicitly or implicitly such as based on a categorization).
In some embodiments, the MAC message is referred to
as a reference signal, described in greater detail below
with respect to FIG. 7A.

Channel Access

[0084] In various embodiments, it can be beneficial to
synchronize the start of transmission by the STAs 506A-
506E. For example, it can be easier to decode the trans-
missions when they start at the same time. Because the
STAs 506A-506E are disparate devices, however, it can
be challenging to coordinate a synchronized transmis-
sion time. In various embodiments, transmission can be
synchronized based on a solicited or unsolicited refer-
ence signal from the AP 504. In other embodiments,
transmission can be synchronized based on a schedule
set by the AP 504 and/or STAs 506A-506E.
[0085] FIGS. 6A-6C show another timing diagram in
which aspects of the present disclosure can be em-
ployed. As described above, the primary channel (for ex-
ample, channel 526) and/or one or more of the secondary
channels (for example, channels 520, 522, and/or 524)
can be used for transmissions by legacy STAs and the
primary channel and/or secondary channels can be used
for transmissions by high-efficiency STAs. The channels
520, 522, 524, and/or 526 may or may not be contiguous.
In an embodiment, the AP 504 can transmit one or more
unsolicited reference signals CTX 601-604 to the STAs
506A-506E. The reference signals CTX 601-604 can in-
dicate that STAs with data to send should begin trans-
mitting upon receipt (or at a predetermined synchroniza-
tion point after receipt). The synchronization point can
be at, for example, a short inter-frame space (SIFS), a
point coordination function (PCF) inter-frame space
(PIFS), or another predefined time after the end of re-
ception of the CTX frame. In an embodiment, the STAs
506A-506E receive the reference signal CTX 601-604
can begin to transmit the communications 510, 512, 514,
and 518. The reference signals CTX 601-604 are de-
scribed in greater detail herein with respect to FIG. 7A.
In various embodiments, the synchronization point can
be referred to as a time of joint transmission.
[0086] As shown in FIG. 6A, the AP 504 can transmit
the reference signal CTX 601-602 on a plurality of sub-

channels, or even all sub-channels. In FIG. 6A, the STAs
506A-506E are only able to receive on their assigned
channel. Accordingly, the AP 504 transmits the reference
signal CTX 601-604 on all channels. In some embodi-
ments, each CTXs can contain same information. In
some embodiments, various CTXs can contain different
information on each channel. In some embodiments, the
STAs 506A-506E can receive the reference signal on
any channel. Accordingly, as shown in FIG. 6B, the AP
504 may transmit a single reference signal CTX 602 on
any sub-channel that can be received by the STAs 506A-
506E, for example, on the primary channel.
[0087] The embodiment shown in FIG. 6C, the legacy
STA 506E can only receive the reference signal CTX 601
on the primary channel 526. However, the HEW STAs
506A-506C are able to receive the reference signal CTX
601 on any channel. Accordingly, the AP 504 transmits
the reference signal CTX 601 on the primary channel
526. In various embodiments, other combinations of STA
capability are possible.
[0088] In general, the AP 504 can be configured to
transmit the reference signals CTX 601-604 on a mini-
mum number of sub-channels in order to notify all target
STAs. 506A-506E. In some embodiments, where more
than one sub-channel will suffice, the AP 504 may trans-
mit a reference signal CTX 601 on the sub-channel with
the least interference, or may transmit one or more re-
dundant reference signals CTX 601-604. The reference
signals CTX 601-604 sent on multiple sub-channels can
be exactly same, or can be different per sub-channel.
[0089] In an embodiment, a random back-off counter
can be associated with a CTX transmission channel
(such as the primary channel 526 in FIG. 6C), as defined
by the enhanced distributed channel access (EDCA) pro-
cedure of IEEE 802.11. When the random back-off coun-
ter expires, the AP 504 can begin preparing one or more
reference signals CTX 601-604 for transmission to the
STAs 506A-506E. If the intended CTX transmission
channel has been idle since a time period 610 before the
time that the random back-off counter expired, then the
AP 504 may transmit the one or more reference signals
CTX 601-604. Thus, once the random back-off counter
expires, at least one transmission is made over the pri-
mary channel. In an embodiment, the time period 610
can be based on a PIFS time. The PIFS time can be
chosen by the AP 504 and/or STAs 506A-506E.
[0090] FIGS. 6D-6F show another timing diagram in
which aspects of the present disclosure can be em-
ployed. As described above, the primary channel (for ex-
ample, channel 526) and/or one or more of the secondary
channels (for example, channels 520, 522, and/or 524)
can be used for transmissions by legacy STAs and the
secondary channels can be used for transmissions by
high-efficiency STAs. The channels 520, 522, 524,
and/or 526 may or may not be contiguous. In an embod-
iment, one or more STAs 506A-506E can request the
reference signals CTX 601-604 by transmitting a request-
to-send (RTX) 620. In various embodiments, an RTX can
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be compatible with legacy hardware. For example, the
RTX can include an RTS as defined in IEEE 802.11, or
can include another frame. In response, the AP 504 can
transmit one or more solicited reference signals CTX
601-604 to the STAs 506A-506E. The reference signals
CTX 601-604 can indicate that STAs with data to send
should being transmitting upon receipt (or at a predeter-
mined synchronization point after receipt). In an embod-
iment, the STAs 506A-506E receive the reference signal
CTX 601-604 can begin to transmit the communications
510, 512, 514, and 518. As described in greater detail
herein, CTX messages can identify which STAs are al-
lowed to transmit and on which channels.
[0091] As shown in FIG. 6D, the AP 504 can transmit
the reference signal CTX 601-602 over a plurality of sub-
channels, or even all sub-channels. In FIG. 6A, the STAs
506A-506E are only able to receive on their assigned
channel. Accordingly, the AP 504 transmits the reference
signal CTX 601-604 on all channels. In other embodi-
ments, the STAs 506A-506E can be able to receive the
reference signal on any channel. Accordingly, as shown
in FIG. 6E, the AP 504 may transmit a single reference
signal CTX 602 on any sub-channel that can be received
by the STAs 506A-506E. In various embodiments, the
AP 504 may transmit a single reference signal CTX 602
on a different channel as the RTX 620. As shown in FIG.
6F, the AP 504 may transmit a single reference signal
CTX 602 on the same channel as the RTX 620.
[0092] In general, the AP 504 can be configured to
transmit the reference signals CTX 601-604 on a mini-
mum number of sub-channels in order to notify all target
STAs. 506A-506E. In some embodiments, where more
than one sub-channel will suffice, the AP 504 may trans-
mit a reference signal CTX 601 on the sub-channel with
the least interference, or may transmit one or more re-
dundant reference signals CTX 601-604.
[0093] In various embodiments, any STAs 506A-506E
with data to send can transmit the RTX 620, which can
be compatible with legacy hardware such as the STA
506E. In some embodiments, a STA transmits the RTX
620 on the same channel on which it will transmit data.
In other embodiments, the HEW STAs 506A-506E can
transmit the RTX 620 on any available channel, a channel
with the least interference, a first available channel ac-
cording the EDCA, etc.
[0094] The STAs 506A-506E can transmit the RTX ac-
cording to EDCA, as discussed above with respect to the
CTX 601-604. Particularly, a random back-off counter
can be associated with a RTX transmission channel
(such as the primary channel 526 in FIG. 6F), as defined
by the enhanced distributed channel access (EDCA) pro-
cedure of IEEE 802.11. When the random back-off coun-
ter expires, the STA 506E can transmit an RTX frame
620 in a designated channel (for example, the primary
channel) for transmission to the AP 504. If additional
channels (for example, non-primary channels) RTX have
been idle since a time period 610 (see FIG. 6C) before
the time that the random back-off counter expired, then

the STA 506E may transmit the one or more RTX frames
620 on the primary and on the available secondary chan-
nels. Upon reception of RTX, the AP 504 can respond
with a CTS or CTX frame in same set or subset of the
channel where the RTX is received, and can send a CTX
in one or more additional channels not within the chan-
nels where the RTX was received. In particular, the chan-
nels where the CTX is sent can include the channels
where the medium was determined to be idle. In some
embodiments, the medium can be determined to be idle
by checking the channel for a PIFS time before the RTX
reception or for a SIFS time after the RTX reception. In
an embodiment, the time period 610 can be based on a
PIFS time. The PIFS time can be chosen by the AP 504
and/or STAs 506A-506E.
[0095] In one embodiment, the CTX can include infor-
mation granting transmission to the STA 506E on the
channels where the RTX was sent and can include infor-
mation granting transmission to other STAs on the chan-
nels where the RTX was not sent. In another embodi-
ment, the CTX can include information granting trans-
mission for the STA 506 on a subset of the RTX channels
and may grant transmission to other STAs on the chan-
nels where the RTX was not sent.
[0096] The operation herein described, is advanta-
geous at least because RTX frames can be an RTX in a
legacy format and can be sent by a legacy STAs (such
as the STA 506E), hence allowing a legacy STA to initiate
an UL transmit procedure. In some embodiments where
the RTX is sent by a legacy STA, the AP 504 can respond
with a CTX having a format compatible with the format
of a legacy CTS, thus enabling consistent operation at
the STA. In various embodiments, the AP 504 can detect
whether an RTX was received from a legacy or high ef-
ficiency STA by, for example, comparing a transmit ad-
dress with a stored lookup table. In other embodiments,
the AP 504 can detect whether an RTX was received
from a legacy or high efficiency STA by reading an explicit
indication embedded in the legacy RTX format.
[0097] In various embodiments, the RTX can include
a control frame including one or more of the following
fields: a frame control, a duration, a source address, a
destination address, and an information payload. The in-
formation payload can include one or more of the follow-
ing indications: a requested transmission time, a size of
a transmission queue, a quality-of-service (QoS) indica-
tion for the requested transmission, and a requested
transmission bandwidth. The QoS indication can include,
for example, a traffic identifier (TID), a transport stream
identifier (TSID), and/or any other QoS Class). In various
embodiments, the RTX control frame can omit one or
more fields discussed above and/or include one or more
fields not discussed above, including any of the fields
discussed herein. A person having ordinary skill in the
art will appreciate that the fields in the RTX control frame
discussed above can be of different suitable lengths, and
can be in a different order. In various embodiments, the
RTX frame can include a data frame and can additionally
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include a high throughput control (HTC) field with an in-
dication reverse decision grant (RDG)=1. In some em-
bodiments, such a frame according to IEEE 802.11 can
signal that a portion transmit opportunity indicated by the
duration field and not used by the current transmission
can be used by the recipient AP. The recipient AP can
use the transmit opportunity to initiate an uplink (UL) fre-
quency division multiple access (FDMA) transmission in
any of the modes described herein.
[0098] In some embodiments, the AP 504 and/or the
STAs 506A-506E can determine a scheduled time at
which the STAs 506A-506E should begin transmitting.
For example, scheduling mechanisms can be used to
define a time that the AP 504 should expect packets from
the STAs 506A-506E. One scheduling mechanism can
be based on a reference time agreed between the AP
and each individual STA via a management exchange.
In various embodiments, the reference time can be pe-
riodic, intermittent, or randomly or pseudo randomly de-
termined. Selection of the reference time can be
achieved with a protocol such as a target wakeup time
(TWT) timing, which is defined in the IEEE 802.11ah pro-
tocol. In some embodiments, the AP can define the same
reference time for multiple STAs by setting the TWT to
same value for multiple STAs. The TWT timing can be a
time during which a STA is scheduled to be awake. As
another example, another scheduling mechanism can be
based on defining a reference time for a group of STAs
and an associated interval of time where access is re-
stricted to the group of STAs. For example, such sched-
uling can be achieved with a restricted access window
(RAW) timing, which is defined in the IEEE 802.11ah
protocol. The RAW timing can be an interval of time dur-
ing which access to a medium is restricted to a group of
STAs. In various embodiments, the interval of time can
further be slotted and each slot assigned to one or more
STAs, indicating that STAs can transmit UL data at the
start of the slot time.
[0099] At the reference time defined in any of above
modes, STAs can be ready to receive a CTX frame for
initiating the transmission. In some embodiments, STAs
may start transmission without waiting for the CTX. Thus,
in various embodiments, STAs can be transmitting at ex-
actly the reference time, or it can perform a clear channel
assessment procedure on the intended transmission
channel, starting at the reference time. In various em-
bodiments, the channel assessment may require a PIFS
time or DIFS time. If the target channel is determined to
be busy, the STA can refrain from transmitting.
[0100] In another embodiment the STAs can be oper-
ating in HCCA mode, during a Contention Free period.
In thin case STAs are not allowed to access the medium
until a CF-Poll message is received (802.11); the HCCA
protocol can be modified such that the CF-Poll message
identifies more than one STAs for UL transmission at
SIFS time after the CF-Poll frame. The CF-Poll can be
replaced with any of the CTX frames described herein.
[0101] The AP 504 may further include in management

messages used to set up the scheduled time (for exam-
ple, an RPS information element for RAW, TWT setup
messages for TWT, etc.) an indication of the channel
allocation for the benefit of the STAs. In another embod-
iment, the allocation indicated by the AP 504 in such a
message can be in response to a message transmitted
by a STA to the AP 504 requesting the use of a specific
channel or simply the allocation of a channel. The mes-
sage can be included in a management frame.
[0102] The transmissions from the STAs 506A-506E
may start at the time scheduled according to the TWT
timing or the RAW timing. In an embodiment, the random
back-off counter, the PIFS timing, and/or the AIFS timing
can be used as described herein to determine whether
the channel has been idle for an appropriate amount of
time. A benefit of scheduling a transmission time based
on the TWT timing or the RAW timing can be that the AP
504 then knows when the STAs 506A-506E will be
awake. In another embodiment, the STAs 506A-506E
may not use the random back-off counter, the PIFS tim-
ing, and/or the AIFS timing. In still another embodiment,
the STAs 506A-506E may not use the PIFS timing and/or
the AIFS timing on secondary channels.
[0103] In some embodiments, the AP 504 can transmit
the reference signal CTX 601-604 at the scheduled time.
For example, the AP 504 can use the same scheduling
mechanism as the STAs 506A-506E (for example, TWT
timing or RAW timing) to determine when to transmit the
reference signal CTX 601-604. In an embodiment, the
AP 504 can transmit the reference signal CTX 601-604
after sensing the medium as idle on the intended CTX
channel. In various embodiments, the AP 504 can trans-
mit the reference signal CTX as described above with
respect to the RTX 620. In various embodiments, the
CTX message can be sent once at the beginning of the
RAW and be used for time synch for all the slots in the
RAW. In some embodiments, the CTX can be sent at the
start of each slot, providing synchronization and other
information per each transmission.

Format of the Reference Signal

[0104] In various embodiments, the reference signals
CTX 601-604 can include a clear-to-send frame, an ex-
tended clear-to-send frame, and/or an aggregated MAC
protocol data unit (MPDU) including a clear-to-send
frame and a new frame including an extended payload.
In some embodiments, reference signals can be referred
to as MAC messages. In various embodiments, one or
more reference signals CTX 601-604 can include the
same format (or compatible) as a legacy CTS as defined
in 802.11. In one embodiment, reference signals CTX
601-604 include a multicast MAC address, for example,
in a receiver address (RA) field of the CTS. In another
embodiment, the reference signals CTX 601-604 can
have same format (compatible format) as a CF-Poll frame
as defined in 802.11 or a Synch frame as defined in
802.11ah. Poll frames can include a multicast receiver
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address.
[0105] In various embodiments, the reference signals
CTX 601-604 can include one or more of the following
indications: a deferral time for third party STAs, one or
more identifiers of STAs that are eligible to transmit via
UL-FDMA at one certain (for example, a short inter-frame
space (SIFS), a point coordination function (PCF) inter-
frame space (PIFS), or longer) time after the reference
signal frame, indications of a power at which each of the
STAs 506A-506E should transmit (for example, an indi-
cation of the backoff with respect to a reference power),
an indication, for each STA, of the channel(s) and/or
bandwidth the STAs 506A-506E should use to transmit,
channel assignments for one or more STAs, a time syn-
chronization indication, an ACK policy indication for one
or more STAs, an exact or maximum duration of the data
transmission, a number of spatial streams or number of
space-time streams for each STA, an indication of the
length of all the information fields included in the CTX, a
timestamp or partial timestamp indicating a time synchro-
nization function (TSF) at the transmitter, etc. The iden-
tifier of STAs that are eligible to transmit can include a
list of addresses (for example, MAC addressed, AIDs,
partial or hashed AIDs, etc.) and/or one or more group
identifiers. The group identifier can include, for example,
a multicast MAC address previously associated to a
group of STAs and communicated to the STAs, or a group
identifier previously defined and communicated to the
STAs. The transmit power indicator can include, for ex-
ample, an absolute power indicator or an indication of a
back-off from a STA nominal transmit power, which the
STAs 506A-506E can indicate. In various embodiments,
one or more of the aforementioned payload elements
can be negotiated or predetermined between each STA
506A-506E and the AP 504. The payload elements can
be included in an extended payload, or distributed in other
fields.
[0106] FIG. 7A shows an example reference signal 700
that can be employed within the wireless communication
systems of FIGS. 1, 2B, and 3. In the illustrated embod-
iment, the reference signal 700 includes a frame control
field 710, a duration field 720, a receive address field
730, a frame check sequence (FCS) 740, and an extend-
ed payload 750. As shown, the frame control field 710 is
two bytes long, the duration field 720 is two bytes long,
the receive address 720 is six bytes long, the FCS 740
is four bytes long, and the extended payload 750 is a
variable length. In various embodiments, the reference
signal 700 can omit one or more fields shown in FIG. 7A
and/or include one or more fields not shown in FIG. 7A,
including any of the fields discussed herein. A person
having ordinary skill in the art will appreciate that the fields
in the reference signal 700 can be of different suitable
lengths, and can be in a different order. In particular, the
extended payload 750 can be omitted. In some embod-
iments, the reference signal 700 is a clear-to-send frame.
[0107] In various embodiments, the extended payload
750 can include one or more of the payload elements or

indications discussed above. Particularly, the extended
payload can include a an identifier of STAs that are eli-
gible to transmit via UL-FDMA at a time after the refer-
ence signal frame, an indication of a power at which the
STAs 506A-506E should transmit, an indication of the
channel(s) and/or bandwidth the STAs 506A-506E
should use to transmit, specific channel assignments,
and/or a synchronization indication. In various embodi-
ments, the time after the reference signal frame can in-
clude a SIFS, a PIFS, or a time longer than PIFS. In
various embodiments, the time can be indicated by the
AP 504 (FIG. 5A) in the reference signal 700, or commu-
nicated by the AP 504 to STAs in a previous message,
or defined by the standard. The AP 504 can define the
time based on indications received from STAs
[0108] In an embodiment, the reference signal 700 can
include an indication that the reference signal 700 in-
cludes an extended CTS frame including the extended
payload 750. For example, the reference signal 700 can
set one or more bits normally reserved in control frames
to indicate the presence of the extended payload 750.
Accordingly, a legacy STA 506E can be able to interpret
at least some fields of the CTS frame.
[0109] In some embodiments, the CTX frame can in-
clude one or more padding bytes inserted after the infor-
mation bytes. The purpose of the padding byte can be
to increase the length of the CTX, so as to provide addi-
tional time for the processing of the CTX information from
the recipient STAs. The padding bytes can be identified
as following the information bytes, according to the length
of the information bytes indicated in one of the CTX fields.
[0110] In some embodiments, the reference signal 700
can omit the extended payload 750 and/or include a con-
trol wrapper frame indicating the presence of a high-
throughput control (HTC) field. The HTC field may pro-
vide four bytes that can be used to embed identifiers of
target STAs information. As another example, a special
CTS message may include additional information after
the FCS field.
[0111] In some embodiments the CTX message can
include a CTS message with an HT Control field (for ex-
ample, as defined in IEEE 802.11). The presence of the
HT Control (HTC) field in the CTS can be identified, for
example as defined in the IEEE 802.11 standard. The
HTC field can be overridden to carry one or more of the
indications listed above. The fact that the HTC is over-
ridden to signal the above information can be indicated
by one or more of: the type of PHY preamble used for
the transmission, and one or more bits in the HTC control
field itself.
[0112] In some embodiments, the CTX can be a data
frame and can include an HTC field with reverse decision
grant (RDG)=1, indicating that the AP is allowing the re-
cipient to use the remainder of the duration time for a
transmission. In particular, this may act as the trigger
indication for the UL FDMA transmissions. Moreover, the
HTC field can be overridden to carry the necessary in-
formation, as described above.
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[0113] In some embodiments, the CTX frame can be
the same or similar to a power save multi-poll (PSMP)
frame (for example, as defined by the 802.11 standard),
wherein the PSMP-UTT start offset within a STA info field
identifies the start time for the UL FDMA transmissions,
the PSMP UTT duration identifies the duration of the UL
FDMA transmission and the STA ID field may include an
identifier of the STAs allowed to transmit. Moreover the
reserved bits can be used to indicate a power backoff, a
transmission bandwidth (BW), and/or a channel alloca-
tion. Multiple STA info fields can be included in a same
PSMP frame, with a same value of start offset and dura-
tion, hence indicating that multiple STAs can transmit in
UL FDMA at the indicated time.
[0114] FIG. 7B shows exemplary reference signal for-
mats and fields that can be employed within the wireless
communication systems of FIGS. 1, 2B, and 3. In the
illustrated embodiment, the reference signal is the same
or similar to a PSMP frame, as discussed above. In var-
ious embodiments, the reference signal of FIG. 7B can
omit one or more fields shown in FIG. 7B and/or include
one or more fields not shown in FIG. 7B, including any
of the fields discussed herein. A person having ordinary
skill in the art will appreciate that the fields in the reference
signal of FIG. 7B can be of different suitable lengths, and
can be in a different order.
[0115] As shown in FIG. 7B, a PSMP parameter set
fixed field can include a five-bit number of STAs field
N_STA, a six-bit More PSMP field, and a 10-bit PSMP
Sequence Duration field. A PSMP STA Info fixed field,
when group addressed, can include a two-bit STA_INFO
Type field (set to "1"), an 11-bit PSMP-DTT Start Offset
field, an 8-bit PSMP-DTT Duration field, and a 43-bit
PSMP Group Address ID. The PSMP STA Info fixed field,
when individually addressed, can include a two-bit
STA_INFO Type field (set to "2"), an 11-bit PSMP-DTT
Start Offset field, an 8-bit PSMP-DTT Duration field, a
16-bit STA_ID field, an 11-bit PSMP-UTT Start Offset
field, a 10-bit PSMP-UTT Duration field, and six reserved
bits. A PSMP frame Action field can include a category
field, an HT Action field, a PSMP Parameter Set, and one
or more PSMP STA Info fields repeated N_STA times.
[0116] In various embodiments, a new value of the STA
info type can be used to indicate that the STA info field
includes the start offset field, the duration field, and a
field identifying the multiple STAs allowed to transmit (for
example, as a group identifier, a list of addresses or par-
tial addresses, etc.). In some embodiments, the group of
destination STAs can be identified by the receive address
(RA) of the frame itself. In various embodiments, the ref-
erence signal can otherwise include the rest of the PSMP
frame format. Advantageously, the use of the PSMP
frame allows indicating multiple UL and DL schedules for
UL and DL transmissions.
[0117] FIG. 7C shows an example reference signal 760
that can be employed within the wireless communication
systems of FIGS. 1, 2B, and 3. In the illustrated embod-
iment, the reference signal 760 includes the frame control

field 710, the duration field 720, the receive address field
730, a transmit address field 762, a length field 764, a
STA info field 766, one or more optional padding bits 768,
and the frame check sequence (FCS) 740. As shown,
the frame control field 710 is two bytes long, the duration
field 720 is two bytes long, the receive address 720 is six
bytes long, the transmit address field 762 is six bytes
long, the length field 764 is one byte long, the STA info
field is a variable length N*X, the padding bits 768 are a
variable length M, and the FCS 740 is four bytes long. In
various embodiments, the reference signal 760 can omit
one or more fields shown in FIG. 7C and/or include one
or more fields not shown in FIG. 7C, including any of the
fields discussed herein. A person having ordinary skill in
the art will appreciate that the fields in the reference signal
760 can be of different suitable lengths, and can be in a
different order. In particular, the receive address field
730, the length field 764, and/or the padding bits 768 can
be omitted. In some embodiments, the reference signal
760 is a clear-to-send frame.
[0118] In various embodiments, the RA 730 is present
only in case it is used for identifying the group of recipient
STAs. The length field 764 may include either a length
N in bytes of the information portion 766, or a number X
of STA info fields. The STA info field 766 can include one
or more of the per-STA indications listed above. In vari-
ous embodiments, it can have the same length for each
STA. The padding bits 768 can include M byes of pad-
ding, to increase the frame length.
[0119] In one embodiment, if the CTX message is sent
over multiple channels, any of the following is possible:
it can be sent as a single frame with a transmission BW
spanning the total transmission BW allocated for UL
transmissions; it can be sent as a duplicate across all the
channels allocated for UL transmissions, i.e., the content
of each CTX is exactly the same across channels; and
it can be different per-channel, carrying different infor-
mation for different STAs receiving on different channels.
In various embodiments, CTSs sent on different channels
with either different BW or different information can have
a different length, which may be contrary to the purpose
of providing a reference synchronization time to all the
STA for the UL transmission. Thus, in order for all the
CTSs to be of same length, each CTX can include a
number of padding bytes so that the length of all the CTXs
is same.
[0120] In another embodiment, the CTX frame can be
followed by an additional "filler" frame sent by the same
sender of the CTX, after a SIFS time. The filler frame can
serve to keep the medium busy and provide additional
time to the STAs for the processing and interpretation of
the CTX information and for the preparation of the fol-
lowing UL transmission. In various embodiments, the fill-
er frame can be any of an null data packet (NDP), CTS,
or other control frame. The filler frame can also provide
additional protection for the upcoming transmissions.
[0121] In various embodiments, the need for, or inclu-
sion of, padding and/or a filler frame can be indicated by
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a STA to the AP with an indication at association (for
example, in an association request) or through a man-
agement exchange. The STA can also indicate the
amount of time required for processing, which can deter-
mine the amount of padding required.
[0122] When the transmission is initiated by the AP
with a CTX, advantageously the AP can schedule trans-
missions at a time where multiple STAs are awake and
have available data, hence maximizing the efficiency.
When using scheduled modes, the AP may also indicate
to the STAs that no transmission are allowed outside the
scheduled periods. This indication can be included in the
beacon or included in the setup phase (see "Setup," be-
low) for each STA.

Transmission Eligibility

[0123] As discussed above, the AP 504 can indicate a
list of STAs that are eligible to transmit, for example in
the reference signal 700 (FIG. 7A) or during transmission
scheduling. STAs 506A-506E can indicate that they have
data to transmit in a QoS control field of any data packet
sent by the STAs 506A-506E to the AP 504. In an em-
bodiment, the STAs 506A-506E can transmit a QoS null
data frame to the AP 504, which can include the QoS
control field, to indicate that the STA 506A-506E has buff-
ered units for transmission. In some embodiments, the
STAs 506A-506E can transmit the QoS control field in
any data frame using regular contention procedures. The
AP 504 can receive the QoS control field, determine
which STAs 506A-506E have data to transmit, and de-
termine which STAs 506A-506E to indicate for transmis-
sion eligibility.
[0124] In some embodiments, the STAs 506A-506E
can indicate that they have data to transmit by encoding
an uplink data indication in a power-save poll (PS-Poll)
frame according to 802.11ah. In some embodiments, the
STAs 506A-506E can indicate that they have data to
transmit by transmitting another frame via regular CSMA
contention. In some embodiments, the AP 504 can indi-
cate a window during which STAs 506A-506E should
transmit indications that they have buffered units.
The window of time can be advertised in a Beacon and
be essentially similar to a RAW in some embodiments.
The advertisement can be achieved, for example, by us-
ing an RPS information element as defined by the IEEE
802.11ah standard, with the following change: the type
of the RAW is indicated to be for UL indication only. The
AP can also schedule a TWT with each individual STA
for allowing the STA to send an UL indication.

Channel Allocation

[0125] FIG. 8 shows another timing diagram 850 in
which aspects of the present disclosure can be em-
ployed. As illustrated in FIG. 8, the AP 504 transmits
channel allocation messages 802, 804, 806, and 808 on
each of the channels 520, 522, 524, and 526, respec-

tively. The channel allocation messages CHA 802, 804,
806, and 808 may provide information to the STAs 506A-
506E regarding which channel is allocated to which STA.
In some embodiments, the channel allocation messages
802, 804, 806, and/or 808 can be the MAC message or
reference signal 800 (FIG. 8) described above.
[0126] In an embodiment, if the new PHY layer pream-
ble 528 is available, the PHY layer preamble 528 includes
a group identification field that corresponds to a channel
allocation of the STAs of the group.
[0127] In an embodiment, the channels can be pre-
allocated, selected by the STAs 506A-506E, and/or se-
lected by the AP 506A-506E and explicitly messaged via
the channel allocation messages 802, 804, 806, and/or
808. The channel allocation messages 802, 804, 806,
and/or 808 can be sent at any time prior to the transmis-
sion by each STA. In another embodiment, the AP 504
can include channel allocation in the reference signals
CTX 601-604 (FIGS. 6A-6F) or MAC frames 802, 804,
806, and/or 808 sent immediately before the data trans-
mission 510, 512, 514, and/or 518. The channel alloca-
tion can be indicated by one or more MAC addresses,
AIDs, partial or hashed AIDs, and corresponding channel
identifiers.
[0128] In another embodiment, a group can be defined
that includes multiple STAs, each STA can be assigned
a position in the group, and the group can be identified
by a group ID or by a multicast MAC address. Thus, a
channel allocated to a STA can be identified by the group
ID or multicast MAC address, and further by the position
of the STA in the group identified by the group ID. Mes-
sages for setting up the group definitions can be sent at
any time before the UL-FDMA data transmissions 510,
512, 514, and/or 518 and can be carried by management
frames. Messages for indicating channel allocation for a
certain data transmission can be conveyed by manage-
ment or control frames sent before the data transmission
510, 512, 514, and/or 518 (for example, these frames
may not be transmitted based on SIFS or PIFS as de-
scribed above), or can be sent on a synchronization or
MAC frame immediately preceding the data transmission
510, 512, 514, and/or 518. In embodiments where chan-
nel allocation is included in the reference messages CTX
601-604 or a CF-Poll frame, the receiver address can
include a multicast MAC address corresponding to a
group and hence identifying the channel for the STA.
[0129] In embodiments where the channels are pre-
allocated, and when the number of STAs is above a
threshold and traffic requests from the STAs are similar,
then a random static allocation can be used (for example,
each STA is allocated to a channel, semi-statically). The
AP 504 may indicate to the STAs 506A-506E which sta-
tion is allocated to which channel (for example, via the
channel allocation messages 802, 804, 806, and/or 808).
If the channels are selected by the STAs 506A-506E,
STAs 506A-506E may select and wait on a channel pre-
ferred by the respective STA 506A-506E. The STAs
506A-506E may explicitly or implicitly (for example, via
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any transmission) notify the AP 504 of their presence on
the respective channel.
[0130] In embodiments where the allocation is explic-
itly messaged, the channel allocation messages 802,
804, 806, and/or 808 can be sent on each of the channels
or just a primary channel. Where the STAs 506A-506E
implicitly notify the AP 504 of their presence, the AP 504
may know of a STA 506A-506E location based on recep-
tion of any data, control, and/or management frame
transmitted by the STA 506A-506E for regular operation.
In other words, the data, control, and/or management
frame may not necessarily be designed for channel indi-
cation. In embodiments where the STAs 506A-506E are
able to receive frames on multiple channels, the recep-
tion of a reference signal addressed to a STA on an cer-
tain channel can implicitly indicate that the certain chan-
nel is allocated to the addressed STA. Particularly, the
AP 504 can transmit multiple reference frames CTX on
multiple channels, each addressed to a different STA,
thereby defining the channel allocation.

Protection Stage

[0131] In various embodiments, as discussed above
with respect to FIGS. 6D-6F request to send (RTX) and
CTX messages are used by the AP 504 and the STAs
506A-506E to ensure that a given channel is free. The
duration field in RTX and CTS can indicate a duration
that covers the immediately following transmission, plus
the required acknowledgments.

Acknowledgment Stage

[0132] In an embodiment, restrictions can be placed
on the duration of a packet. In some embodiments, trans-
missions by the STAs 506A-506E have different lengths.
In other embodiments, transmissions by the STAs 506A-
506E have the same length.
[0133] Following the UL communications 510, 512,
514, and/or 518, the AP 504 may respond with a block
acknowledgment (BA) acknowledging that the DL com-
munication was received. The AP 504 may respond with
the BA on its own volition or can be prompted to by the
STAs 506A-506E (for example, via a block acknowledg-
ment request (BAR)). If the STAs 506A-506E are all able
to receive on any channel, or are all able to receive on
at least a same common channel (such as the primary
channel), the AP 504 may broadcast a single block ac-
knowledgment (BBA). The BBA frame carries block ac-
knowledgment indications for multiple STAs, possibly all
the STAs that sent data in UL. Additional information re-
garding BBA frames can be found in U.S. Provisional
Application No. 61/267,734, filed December 8, 2009,
which is hereby incorporated by reference, and in an ap-
plication entitled "METHOD AND APPARATUS FOR
MULTICAST BLOCK ACKNOWLEDGEMENT," at-
tached hereto.
[0134] In an embodiment, the BBA can be sent on the

primary channel. In various embodiments, APs 504
and/or STAs 506A-506E can transmit BAs, BARs, and/or
BBAs in a legacy or high-efficiency physical protocol data
unit (PPDU) format. In some embodiments where the
APs 504 and/or STAs 506A-506E transmit BAs, BARs,
and/or BBAs in high efficiency PPDU format, the band-
width can be smaller than 20 MHz. Moreover different
BAs, BARs, and/or BBAs can have different durations,
which can depend on a bandwidth used for transmission.
Timing diagrams included herein, and the various mes-
sages they show, are not to scale.
[0135] FIGS. 9A-9C show additional timing diagrams
in which aspects of the present disclosure can be em-
ployed. In particular, FIGS. 9A-9C illustrate the use of
BAs, BARs, and BBAs as described herein. In an em-
bodiment, transmissions 51, 512, 514, and 518 do not
end at the same time, the AP 504 responds immediately
with a BA after the UL communication is complete. The
AP 504 then responds to the remaining transmissions
with a BA after receiving a BAR. The STAs 506A-506E
may transmit the BAR on the channel that the UL com-
munication was transmitted on, the primary channel, the
high-efficiency primary channel (for example, a primary
channel defined for use by the high-efficiency devices),
and/or any other channel.
[0136] For example, as illustrated in FIG. 9A, the AP
504 may respond with a BA 904A after the UL commu-
nication 514 is complete. After the BA 904A has been
received by the STA 506C, the STA 506C may transmit
a BAR 902B to the AP 504 on the channel 522, which is
the channel that the DL communication 512 was received
by the STA 506B. Once the AP 504 receives the BAR
902B, the AP 504 may respond with a BA 904B. The
BAR and BA cycle then continues for the remaining STAs
(for example, STA 506A and STA 506E). The AP 504
can instruct the STAs 506A-506E to set the acknowledg-
ment policy of the data transmitted by the STAs 506A-
506E such that no more than one STA 506A-506E re-
quests an immediate BA. In some embodiments, all the
BA policies can be set to BA (no immediate response
required), but the AP can nevertheless select one or more
STAs and send an immediate BA to them. The AP 504,
after receiving an immediate acknowledgment request
or BAR, may transmit the acknowledgment or BA on the
same channel where data was received and/or on the
primary channel. An additional BAR can be sent by the
STAs 506A-506E on the primary channel and/or on one
or more of the secondary channels, such as the same
channel where data was transmitted. In this case, the AP
504 may transmit the acknowledgment or BA on the same
channel where the BAR was received and/or on the pri-
mary channel.
[0137] In an embodiment, if the communications 510,
512, 514, and 518 end at or near the same time and/or
where STAs 506A-506E can only receive on limited sub-
channels, the AP 504 can respond with a BA on each
sub-channel after the UL communications are complete
(for example, end of transmission is a trigger for the AP
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504 to send the BAs). The BAs can be transmitted on
the same channel as the channel where the UL commu-
nication was received. For example, as illustrated in FIG.
9B, the AP 504 response with a BA 904A-904D immedi-
ately after the UL communications 510, 512, 514, and
518 are complete. The BAs 904A-904D can be transmit-
ted concurrently.
[0138] In embodiments where all STAs 506A-506E are
able to decode a packet on any channel, or the primary
channel 526, the AP 504 can broadcast a BBA after the
UL communications 510, 512, 514, and 518 are com-
plete. For example, as illustrated in FIG. 9C, the AP 504
transmits the BBA 904E on the primary channel 526 in
response to the termination of the UL communications
510, 512, 514, and 518 are complete. Because all STAs
506A-506E can decode the BBA 904E, only one is trans-
mitted. Where one of the STAs 506A-506E is a legacy
STA, the AP 504 can instruct the high efficiency STAs to
have a transmission that is shorter than a transmission
of the legacy STA. The duration of transmission from the
legacy STA can be inferred from a duration field set in
an RTX frame. Moreover the AP 504 can instruct high-
efficiency STAs to use a no-ACK policy.

Use Cases

[0139] In an embodiment, the UL FDM protocol de-
scribed herein with respect to FIGS. 5A-9C is implement-
ed in several applications. For example, a BSA may in-
clude legacy STAs and high-efficiency STAs. The UL
FDM protocol may use otherwise unused bandwidth in
the communication medium by assigning some of the
STAs to a portion of the otherwise unused bandwidth.
This may allow the legacy STAs and/or the high-efficien-
cy STAs to communicate concurrently. This can be ben-
eficial if the BSS range of the wireless network is restrict-
ed to high rate users.
[0140] As another example, frequency diversity can be
achieved if the PHY layer uses a tone interleaved ap-
proach. With frequency diversity, a frequency hopping
system is created that requires minimal interference co-
ordination. Tones can be divided into two or more sub-
sets. A first STA may transmit and/or receive data via
tones in the first subset and a second STA may transmit
and/or receive data via tones in the second subset. As
long as the first subset and the second subset do not
overlap, interference can be avoided.

Setup

[0141] In various embodiments, the UL FDMA trans-
mission can indicate specific capabilities (for example,
requested or required) to the STA. STAs that do not have
the indicated capabilities may not use the UL FDMA
transmission. Hence, the UL FDMA transmission may
not be used by all the STAs.
[0142] In some embodiments, the AP can determine
which STAs are potentially participating in the UL FDMA

transmission. Each STA can indicate its capability by set-
ting one or more bits in a Probe/Association request. In
some embodiments, STAs can indicate the willingness
to participate in UL FDMA transmission by sending a re-
quest to the AP through a management frame.
[0143] In various embodiments, the request can be
carried in an additional information field during the setup
of a traffic specification (TSPEC), for example, as defined
by the IEEE 802.11 specification. In various embodi-
ments, the request can also be carried during setup of
an add BA (ADDBA) procedure. In various embodiments,
the request can be carried though a new management
agreement, wherein the STA sends a management
frame to AP indicating the request and additional relevant
parameters for the operation, such as transmit power ca-
pability, traffic pattern, QoS for which the procedure is
requested, time to process the CTX, etc.
[0144] In some embodiments, the STA advertising a
capability may not request the initiation of the use of UL
FDMA. Instead, the AP may request the STA the param-
eters required for the UL FDMA operation. In some em-
bodiments, the STA can be forced to accept the request.
In some embodiments, the STA may reject the request.
In various embodiments, the AP can also advertise its
capability to receive UL FDMA transmissions. Such ad-
vertisement can be indicated by one or more bits in probe
response, association response and/or beacons.

Operation

[0145] In various embodiments, all options discussed
herein can be combined in an efficient way of using UL-
FDMA. In particular, as described above, the AP can de-
fine dedicated intervals of time for DL/UL transmissions
and for collecting requests from the STAs. In one em-
bodiment, the AP can schedule the operations such that
the following sequence of operations is achieved, where-
in parentheses indicate optionality, brackets indicate that
the enclosed sequence can be repeated multiple times
within a beacon interval, and operations are separated
by semicolons: Beacon; [(restricted access interval for
PS-Polls or UL requests); restricted access interval for
DL transmission; restricted access interval for UL trans-
missions]. In one embodiment, the AP can schedule the
operations such that the following sequence of opera-
tions is achieved, wherein parentheses indicate option-
ality, brackets indicate that the enclosed sequence can
be repeated multiple times within a beacon interval, and
operations are separated by semicolons: Beacon; [(re-
stricted access interval for PS-Polls); restricted access
interval for DL transmission; (restricted access interval
for UL request); restricted access interval for UL trans-
missions]. In one embodiment, the AP can schedule the
operations as shown in FIG. 9D.
[0146] FIG. 9D shows an additional timing diagram 990
in which aspects of the present disclosure can be em-
ployed. In various embodiments, the AP can protect or
hold the medium for the entire sequence by means of
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setting the NAV for all non-scheduled STAs or maintain-
ing no more than SIFS or PIFS time of medium idle across
the entire sequence. As shown in FIG. 9D, during a HEW
transmit opportunity (TXOP) 992 includes restricted ac-
cess intervals for DL transmission 994, SIFS time (or
shorter period) 996, a HEW UL random access interval
998, and a HEW UL dedicated channel access interval
999.
[0147] As shown in FIG. 9D, the AP can gain access
to the medium through regular contention or through a
predefined schedule. The AP may then protect a certain
interval of time referred to as transmission opportunity
(TXOP) 992. The protection may be achieved by sending
a frame that can set the NAV or through a scheduling
that prevents certain undesired STAs to transmit during
the TXOP 992. During the TXOP 992, the AP can sched-
ule separate intervals of time for UL communication, DL
communication, and for collecting requests from STAs
for an UL communication. Within the UL communication
interval, any of the modes described herein can be used
for UL FDMA transmissions. Within the time reserved for
indication of UL traffic, a STA may use any of the methods
described herein (QoS Null, PS-Poll with uplink indica-
tion, and Data with More Data field set). Moreover the
transmission of such indication may be scheduled by AP
or can occur though contention. The AP can retain control
on the medium by making sure that no time greater than
SIFS or PIFS is unused within the TXOP 992.

Flowcharts

[0148] FIG. 10 shows a flowchart 1000 for an exem-
plary method of wireless communication that can be em-
ployed within the wireless communication system 500 of
FIG. 5. The method can be implemented in whole or in
part by the devices described herein, such as the wireless
device 402 shown in FIG. 4. Although the illustrated meth-
od is described herein with reference to the wireless com-
munication system 100 discussed above with respect to
FIG. 1, the wireless communication systems 200, 250,
300, and 500 discussed above with respect to FIGS. 2-3
and 5A, and the wireless device 402 discussed above
with respect to FIG. 4, a person having ordinary skill in
the art will appreciate that the illustrated method can be
implemented by another device described herein, or any
other suitable device. Although the illustrated method is
described herein with reference to a particular order, in
various embodiments, blocks herein can be performed
in a different order, or omitted, and additional blocks can
be added.
[0149] First, at block 1010, an access point determines
a performance characteristic for each wireless device in
a set of wireless devices associated with the access
point. For example, the AP 504 can determine one or
more performance characteristics for each STA 506A-
506E in the BSA 502. In various embodiments, the per-
formance characteristic can include physical and/or RF
characteristics such as, for example, a signal-to-interfer-

ence-plus-noise ratio (SINR), an RF geometry, a re-
ceived signal strength indicator (RSSI), a modulation and
coding scheme (MCS) value, an interference level, a sig-
nal level, a transmission capability, etc.
[0150] Then, at block 1020, the access point catego-
rizes each wireless device in the set into at least a first
and second subset of wireless devices based on the per-
formance characteristic. The first set of wireless devices
can have a higher performance characteristic than the
second set of wireless devices. For example, the AP 504
can categorize each STA 506A-506E in the BSA 502 into
the first and second subsets. In an embodiment, the first
subset of wireless devices can include inner-cell devices
and the second subset of wireless devices can include
cell-edge devices. For example, the AP 504 could cate-
gorize the STAs 506A-506C as inner-cell devices be-
cause they are physically close and might have strong
signal strength. In contrast, the AP 504 could categorize
the STAs 506D-506E as cell-edge devices because they
are farther away and can might have a lower SINR.
[0151] In various embodiments, the first subset of wire-
less devices can have a higher signal-to-interference-
plus-noise-ratio (SINR), a higher geometry rating, a high-
er received signal strength indicator (RSSI) than the sec-
ond subset of wireless devices, or a greater transmission
capability. In one embodiment, the first subset of wireless
devices can have a higher modulation and coding
scheme (MCS) value than the second subset of wireless
devices. In one embodiment, the first subset of wireless
devices can have a lower interference than the second
subset of wireless devices.
[0152] In some embodiments, the access point can as-
sign the second set of wireless frequencies to the second
subset of wireless devices. For example, the AP 504 can
assign the channel 526 to the STA 506E. The AP 504
can assign channels in coordination with other devices,
based on observed interference, etc.
[0153] In some embodiments, the access point can re-
ceive an indication of the second set of wireless frequen-
cies from at least one device in the second subset of
wireless devices. For example, the STA 506E can make
its own channel assignment, for example, based on ob-
served interference. The STA 506E can transmit the
channel assignment to the AP 504.
[0154] In some embodiments, the access point can
transmit an indication of the second set of wireless fre-
quencies to one or more devices not associated with the
access point. For example, with reference to FIG. 2B,
the AP 254A can make one or more channel assignments
and can indicate the channel assignments of associated
cell-edge devices to, for example, the AP 254C and/or
the STA 256G. In some embodiments, the access point
can receive an indication of the second set of wireless
frequencies from one or more devices not associated
with the access point. For example, the STA 256G could
instead make one or more channel assignments and can
notify the AP 254A and/or the STA 256A.
[0155] In some embodiments, at least one wireless de-
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vice in the second subset of wireless devices can include
a legacy device incapable of transmitting on the entire
first subset of frequencies. Returning to FIG. 5A, for ex-
ample, the STA 506E can be a legacy device. In some
embodiments, the STA 506E can be incapable of trans-
mitting on the entire first subset of frequencies such as,
for example, where it must transmit on a primary channel.
[0156] In some embodiments, the access point can re-
ceive a ready-to-send (RTX) frame from at least one de-
vice in the second subset of wireless devices. For exam-
ple, the STA 506E can generate the RTX 620 (FIG. 6F)
and transmit it to the AP 604. In some embodiments, the
access point can transmit a reference signal to at least
one device in the second subset of wireless devices. For
example, the AP 504 can transmit the reference signal
CTX 601, in some instances in response to the RTX 620
by transmitting.
[0157] In various embodiments, the reference signal
can include an indication of a deferral time for third party
devices. In an embodiment, the reference signal can in-
clude an indication of devices that are eligible to transmit
at a particular time. In an embodiment, the reference sig-
nal can include an assignment of channels to one or more
devices in the second subset of wireless devices. For
example, the extended payload 750 (FIG. 7A) can in-
clude one or more channel assignments or transmit au-
thorizations. In some embodiments, the transmit author-
izations can include a list of addresses of devices eligible
to transmit at a particular time (for example, the next SIFS
time). The transmit authorizations can include a group
identifier defined in advance, for example, by the AP 504.
[0158] In an embodiment, the reference signal can in-
clude an indication of a power level at which at least one
device should transmit. For example, the extended pay-
load 750 can include an indication of a back-off from the
STA’s 506E nominal transmit power, which the STA 506E
can indicate to the AP 504.
[0159] In various embodiments, the reference signal
can include an indication of a transmission time of at least
one device in the second subset of wireless devices. In
an embodiment, the reference signal can include a clear-
to-send frame (CTS). In an embodiment, the reference
signal can include a clear-to-send frame (CTS) and an
extended payload comprising one or more payload ele-
ments. In an embodiment, the reference signal can in-
clude a clear-to-send frame (CTS) comprising a high-
throughput control (HTC) field indicating one or more tar-
get devices. In an embodiment, the reference signal can
include an aggregated media access control protocol da-
ta unit (A-MPDU) comprising a clear-to-send frame
(CTS) and one or more payload elements. For example,
the reference signal can include the reference signal 700,
described above with respect to FIG. 7A.
[0160] Next, at block 1130, the access point receives
communications from the first subset of wireless devices
on a first set of wireless frequencies. For example, the
AP 504 can receive communications 510 from the STA
506A. In some embodiments, the communications 510

can utilize an entire available bandwidth (for example,
channels 308, 310, 312, and 314 of FIG. 3). In some
embodiments, the communications 510 can utilize only
a portion of available bandwidth.
[0161] Thereafter, at block 1140, the access point re-
ceives communications from the second subset of wire-
less devices on a second set of wireless frequencies.
The second set of wireless frequencies is a subset of the
first. For example, the first subset can include channels
526, 524, and 522. The second subset can include chan-
nel 526. Accordingly, the AP 504 can receive the com-
munication 518 from the STA 506E on the channel 526.
[0162] In other embodiments, the first and second sets
of wireless frequencies can be mutually exclusive. For
example, the first subset can include channels 522 and
520, and the second subset can include channels 526
and 524. Accordingly, the first set of wireless devices can
contend normally for a portion of the available bandwidth
while the second set of wireless devices can use FDMA
to access another portion of the available bandwidth.
[0163] In some embodiments, the access point can
concurrently receive communications from each device
in the second subset of wireless devices. For example,
the AP 504 can concurrently receive the communication
518 from the STA 506E on the channel 524, and can
receive the communication 516 from the STA 506D on
the channel 524 (not shown). In some embodiment, the
access point can schedule a time at which to receive
communications from the second subset of wireless de-
vices.
[0164] In one embodiment, the access point can
schedule a time at which to receive communications from
the second subset of wireless devices and transmit a
reference signal to at least one device in the second sub-
set of wireless devices at the scheduled time. For exam-
ple, at the scheduled transmit time, the AP 504 can trans-
mit the reference signal 700 to synchronize the STAs
506A-506E. In one embodiment, the access point can
receive, from at least one device in the second subset of
wireless devices, an indication that the at least one device
can be ready to send data. For example, the AP 504 can
receive the RTX 620 from the STA 506E (FIG. 6F).
[0165] In some embodiments, the access point can re-
ceive, from at least one device in the second subset of
wireless devices, a quality-of-service (QoS) field indicat-
ing that the at least one device can be ready to send data.
For example, the STA 506E can transmit a QoS field to
the AP 504 to indicate that it has data to transmit. In
another embodiment, the access point can receive, from
at least one device in the second subset of wireless de-
vices, a power-save poll (PS-Poll) frame indicating that
the at least one device can be ready to send data. For
example, the STA 506E can transmit the PS-Poll frame
to the AP 504 to indicate that it has data to transmit.
[0166] In various embodiments, the first subset of wire-
less frequencies can include a 20 or 40 or 80 MHz chan-
nel according to an Institute of Electrical and Electronics
Engineers (IEEE) 802.11 standard. In various embodi-
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ments, the first and second subset of wireless frequen-
cies can be within an operating bandwidth of the access
point.
[0167] In various embodiments, the first and second
communications start at the same time indicated by the
reference signal, within a margin of transmission time
error. For example, the margin of transmission time error
can be a threshold value within which the first and second
communications start at substantially the same time. In
various embodiments, the first and second communica-
tions start at different times.
[0168] In various embodiments, the first and second
communications end at the same time indicated by the
reference signal, within a margin of transmission time
error. For example, the margin of transmission time error
can be a threshold value within which the first and second
communications end at substantially the same time. In
various embodiments, the first and second communica-
tions end at different times.
[0169] In various embodiments the reference can be
sent by the access point according to a sense multiple
access (CSMA) mechanism. In various embodiments the
reference signal can be sent by the access point at a time
previously scheduled with at least the first device via
management signaling. In various embodiments, the ref-
erence signal is sent at least on a primary channel. In
various embodiments, the reference signal is sent on a
primary channel and on all or a portion of secondary
channels that are idle for a sensing time before the trans-
mission. In various embodiments, the reference signal is
sent on channels compatible with the first and second
devices.
[0170] In various embodiments, the at least the first
device indicates to the access point a channel use ca-
pability. In various embodiments, the reference signal is
sent on idle channels only. In various embodiments, the
reference signal is sent on a primary channel only, with
an indication that only idle channels are to be used.
[0171] In an embodiment, the method shown in FIG.
10 can be implemented in a wireless device that can in-
clude a determining circuit, a categorizing circuit, and a
receiving circuit. Those skilled in the art will appreciate
that a wireless device can have more components than
the simplified wireless device described herein. The wire-
less device described herein includes only those com-
ponents useful for describing some prominent features
of implementations within the scope of the claims.
[0172] The determining circuit can be configured to de-
termine the performance characteristic. In some embod-
iments, the generating circuit can be configured to per-
form at least block 1010 of FIG. 10. The determining cir-
cuit can include one or more of the processor 404 (FIG.
4), the DSP 420, the signal detector 418 (FIG. 4), the
receiver 412 (FIG. 4), and the memory 406 (FIG. 4). In
some implementations, means for determining can in-
clude the determining circuit.
[0173] The categorizing circuit can be configured to
categorize each wireless device. In some embodiments,

the categorizing circuit can be configured to perform at
least block 1020 of FIG. 10. The categorizing circuit can
include one or more of the processor 404 (FIG. 4), the
DSP 420, and the memory 406 (FIG. 4). In some imple-
mentations, means for categorizing can include the cat-
egorizing circuit.
[0174] The receiving circuit can be configured to re-
ceive communications from the first and second subsets
of wireless devices. In some embodiments, the receiving
circuit can be configured to perform at least blocks 1030
and/or 1040 of FIG. 10. The receiving circuit can include
one or more of the receiver 412 (FIG. 4), the antenna
416 (FIG. 4), and the transceiver 414 (FIG. 4). In some
implementations, means for receiving can include the re-
ceiving circuit.
[0175] FIG. 11 shows a flowchart 1100 for another ex-
emplary method of wireless communication that can be
employed within the wireless communication system 500
of FIG. 5. The method can be implemented in whole or
in part by the devices described herein, such as the wire-
less device 402 shown in FIG. 4. Although the illustrated
method can be described herein with reference to the
wireless communication system 110 discussed above
with respect to FIG. 1, the wireless communication sys-
tems 200, 250, 300, and 500 discussed above with re-
spect to FIGS. 2-3 and 5A, and the wireless device 402
discussed above with respect to FIG. 4, a person having
ordinary skill in the art will appreciate that the illustrated
method can be implemented by another device described
herein, or any other suitable device. Although the illus-
trated method can be described herein with reference to
a particular order, in various embodiments, blocks herein
can be performed in a different order, or omitted, and
additional blocks can be added.
[0176] First, at block 1110, a first wireless device re-
ceives a reference signal from an associated access
point. The reference signal indicates of a time of joint
transmission with at least a second wireless device. For
example, the STA 506E can receive the reference signal
CTX 601 (FIG. 6C) from the AP 504.
[0177] Then, at block 1120, the first wireless device
transmits a first communication to the access point based
on the reference signal. The communication utilizes a
first subset of wireless frequencies available for use, and
is concurrent with a second communication from the sec-
ond wireless device. The second communication utilizes
a second subset of wireless frequencies mutually exclu-
sive with the first subset.
[0178] For example, the STA 506E can transmit the
communication 518 on the primary channel 526. Mean-
while, the STA 506A can transmit the communication 510
on the channel 524. The channel 524 includes a set of
frequencies that is mutually exclusive with the set of fre-
quencies in the channel 526. In an embodiment, the first
wireless device can receive the reference signal on the
second subset of wireless frequencies. For example, the
STA 506E can receive the reference signal CTX 602 on
the channel 524 (FIG. 6B), even though the STA 506E
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does not transmit on the secondary channel 524.
[0179] In an embodiment, the first wireless device can
transmit a request for the reference signal to the access
point. For example, the STA 506E can transmit the RTX
620 (FIG. 6F) on the channel 526. In an embodiment,
the first wireless device can transmit a request for the
reference signal to the access point on the second subset
of wireless frequencies. For example, the STA 506E can
transmit the RTX 620 on the channel 524 (FIG. 6D) even
though the STA 506E does not transmit the communica-
tion 518 on the channel 524. In an embodiment, the first
wireless device can transmit a ready-to-send (RTX)
frame to the access point. For example, the STA 506E
can transmit the RTX 620.
[0180] In an embodiment, the first wireless device can
receive an indication of the first subset of wireless fre-
quencies from the access point. For example, the AP 504
can assign the STA 506E the channel 526 for transmitting
the communication 518. The AP 504 can indicate the
channel 526 in, for example, the reference signal 700
described above with respect to FIG. 7A. In an embodi-
ment, the first wireless device can receive an indication
of the first set of wireless frequencies from one or more
devices not associated with the access point. For exam-
ple, with reference to FIG. 2B, the STA 256A can receive
a channel assignment from the STA 256G and/or the AP
254C.
[0181] In an embodiment, the first wireless device can
detect an interference level on one or more wireless fre-
quencies and determine the first subset of wireless fre-
quencies based on the interference level. For example,
with reference to FIG. 6A, the STA 506E might detect
relatively high interference levels on the channels 524,
522, and 520, as compared to the channel 526. Accord-
ingly, the STA 506E might determine that it should trans-
mit the communication 518 on the channel 526.
[0182] In an embodiment, the first wireless device can
determine the first subset of wireless frequencies based
on a tone interleaved channel with frequency hopping.
For example, the STA 506E might determine to hop be-
tween the channel 524 and the channel 526. As another
example, the channel 526 can include a tone interleaved
channel with built-in frequency hopping. Accordingly, the
STA 506E can stay on the channel 526 as the particular
frequencies in channel 526 change.
[0183] In an embodiment, the first wireless device can
transmit an indication of the first subset of wireless fre-
quencies to the access point. For example, after the STA
506E determines it will transmit the communication 518
on the channel 526, it can transmit the channel selection
to the AP 504, for example in a QoS field and/or a PS-
Poll frame. In an embodiment, the first wireless device
can transmit an indication of the first set of wireless fre-
quencies to one or more devices not associated with the
access point. For example, with reference to FIG. 2B,
after the STA 256A chooses a channel, it can indicate
the channel selection to the STA 256G and/or the AP
254C.

[0184] In an embodiment, the reference signal can in-
clude an indication of a deferral time for third party de-
vices. In an embodiment, the reference signal can include
an indication of devices that are eligible to transmit at a
particular time. In an embodiment, the reference signal
can include an indication of a power level at which at
least one device should transmit.
[0185] In various embodiments, the reference signal
can include an indication of a deferral time for third party
devices. In an embodiment, the reference signal can in-
clude an indication of devices that are eligible to transmit
at a particular time. In an embodiment, the reference sig-
nal can include an assignment of channels to one or more
devices in the second subset of wireless devices. For
example, the extended payload 750 (FIG. 7A) can in-
clude one or more channel assignments or transmit au-
thorizations. In some embodiments, the transmit author-
izations can include a list of addresses of devices eligible
to transmit at a particular time (for example, the next SIFS
time). The transmit authorizations can include a group
identifier defined in advance, for example, by the AP 504.
[0186] In an embodiment, the reference signal can in-
clude an indication of a power level at which at least one
device should transmit. For example, the extended pay-
load 750 can include an indication of a back-off from the
STA’s 506E nominal transmit power, which the STA 506E
can indicate to the AP 504.
[0187] In various embodiments, the reference signal
can include an indication of a transmission time of at least
one device in the second subset of wireless devices. In
an embodiment, the reference signal can include a clear-
to-send frame (CTS). In an embodiment, the reference
signal can include a clear-to-send frame (CTS) and an
extended payload comprising one or more payload ele-
ments. In an embodiment, the reference signal can in-
clude a clear-to-send frame (CTS) comprising a high-
throughput control (HTC) field indicating one or more tar-
get devices. In an embodiment, the reference signal can
include an aggregated media access control protocol da-
ta unit (A-MPDU) comprising a clear-to-send frame
(CTS) and one or more payload elements. For example,
the reference signal can include the reference signal 700,
described above with respect to FIG. 7A.
[0188] In an embodiment, the first wireless device can
schedule a time at which to transmit communications to
the access point. In an embodiment, the first wireless
device can transmit to the access point an indication that
the first device can be ready to send data. In an embod-
iment, the first wireless device can transmit to the access
point a quality-of-service (QoS) field indicating that the
first device can be ready to send data. In an embodiment,
the first wireless device can transmit to the access point
a power-save poll (PS-Poll) frame indicating that the first
device can be ready to send data. For example, the STA
506E can transmit the various messages discussed here-
in to the AP 504.
[0189] In an embodiment, the method shown in FIG.
11 can be implemented in a wireless device that can in-
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clude a receiving circuit, and a transmitting circuit. Those
skilled in the art will appreciate that a wireless device can
have more components than the simplified wireless de-
vice described herein. The wireless device described
herein includes only those components useful for de-
scribing some prominent features of implementations
within the scope of the claims.
[0190] The receiving circuit can be configured to re-
ceive the reference signal. In some embodiments, the
receiving circuit can be configured to perform at least
block 1110 of FIG. 11. The receiving circuit can include
one or more of the receiver 412 (FIG. 4), the antenna
416 (FIG. 4), and the transceiver 414 (FIG. 4). In some
implementations, means for receiving can include the re-
ceiving circuit.
[0191] The transmitting circuit can be configured to
transmit the first communication. In some embodiments,
the transmitting circuit can be configured to perform at
least block 1120 of FIG. 11. The transmitting circuit can
include one or more of the transmitter 410 (FIG. 4), the
antenna 416 (FIG. 4), and the transceiver 414 (FIG. 4).
In some implementations, means for transmitting can in-
clude the transmitting circuit.
[0192] FIG. 12 shows a flowchart 1200 for an exem-
plary method of wireless communication that can be em-
ployed within the wireless communication system 500 of
FIG. 5. The method can be implemented in whole or in
part by the devices described herein, such as the wireless
device 402 shown in FIG. 4. Although the illustrated meth-
od is described herein with reference to the wireless com-
munication system 120 discussed above with respect to
FIG. 1, the wireless communication systems 200, 250,
300, and 500 discussed above with respect to FIGS. 2-3
and 5A, and the wireless device 402 discussed above
with respect to FIG. 4, a person having ordinary skill in
the art will appreciate that the illustrated method can be
implemented by another device described herein, or any
other suitable device. Although the illustrated method is
described herein with reference to a particular order, in
various embodiments, blocks herein can be performed
in a different order, or omitted, and additional blocks can
be added.
[0193] First, at block 1210, the access point exchanges
at least one protection frame with at least one of a first
and second wireless device. In an embodiment, ex-
changing at least one protection frame can include re-
ceiving a ready-to-send (RTX) frame from at least one
of the first and second device. In an embodiment, ex-
changing at least one protection frame can include trans-
mitting a reference signal to the first and second device.
For example, the AP 504 can exchange the RTX 620
and/or the reference signal CTX 602 (FIG. 6D) with the
STAs 506A-506E.
[0194] In various embodiments, the reference signal
can include an indication of a deferral time for third party
devices. In an embodiment, the reference signal can in-
clude an indication of devices that are eligible to transmit
at a particular time. In an embodiment, the reference sig-

nal can include an assignment of channels to one or more
devices in the second subset of wireless devices. For
example, the extended payload 750 (FIG. 7A) can in-
clude one or more channel assignments or transmit au-
thorizations. In some embodiments, the transmit author-
izations can include a list of addresses of devices eligible
to transmit at a particular time (for example, the next SIFS
time). The transmit authorizations can include a group
identifier defined in advance, for example, by the AP 504.
[0195] In an embodiment, the reference signal can in-
clude an indication of a power level at which at least one
device should transmit. For example, the extended pay-
load 750 can include an indication of a back-off from the
STA’s 506E nominal transmit power, which the STA 506E
can indicate to the AP 504.
[0196] In various embodiments, the reference signal
can include an indication of a transmission time of at least
one device in the second subset of wireless devices. In
an embodiment, the reference signal can include a clear-
to-send frame (CTS). In an embodiment, the reference
signal can include a clear-to-send frame (CTS) and an
extended payload comprising one or more payload ele-
ments. In an embodiment, the reference signal can in-
clude a clear-to-send frame (CTS) comprising a high-
throughput control (HTC) field indicating one or more tar-
get devices. In an embodiment, the reference signal can
include an aggregated media access control protocol da-
ta unit (A-MPDU) comprising a clear-to-send frame
(CTS) and one or more payload elements. For example,
the reference signal can include the reference signal 700,
described above with respect to FIG. 7A.
[0197] In an embodiment, the access point can assign
the first and/or second set of wireless frequencies to the
first and/or second device, respectively. For example,
the AP 504 can assign the channel 526 to the STA 506E.
The AP 504 can assign channels in coordination with
other devices, based on observed interference, etc. In
an embodiment, the access point can receive an indica-
tion of the first and/or second set of wireless frequencies
from the first and/or second device, respectively. For ex-
ample, the STA 506E can make its own channel assign-
ment, for example, based on observed interference. The
STA 506E can transmit the channel assignment to the
AP 504.
[0198] In an embodiment, the first wireless device can
include a legacy device incapable simultaneously trans-
mitting on the entire set of wireless frequencies available
for use by both the first and second wireless device. Re-
turning to FIG. 5A, for example, the STA 506E can be a
legacy device. In some embodiments, the STA 506E can
be incapable of transmitting on the entire first subset of
frequencies such as, for example, where it must transmit
on a primary channel.
[0199] Then, at block 1220, the access point receives
a first communication on a first set of wireless frequencies
from the first wireless device. For example, the AP 504
can receive the communication 518 from the STA 506E
on the primary channel 526.
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[0200] Next, at block 1230, the access point receives
a second communication, at least partially concurrent
with the first communication, on a second set of wireless
frequencies from the second wireless device. The first
set and the second set are mutually exclusive subsets
of a set of wireless frequencies available for use by both
the first and second wireless device. For example, the
AP 504 can receive the communication 510 from the STA
506A on the channel 524. The frequencies of the chan-
nels 526 and 526 are mutually exclusive.
[0201] Thereafter, at block 1240, the access point
transmits at least one acknowledgment of the first and
second communication. For example, the AP 504 can
transmit the BA 904A (FIG. 9A). In an embodiment, the
access point transmits a single broadcast acknowledg-
ment on only the first subset of frequencies. For example,
the AP 504 can transmit only the BBA 904E (FIG. 9C)
on the primary channel 526. In an embodiment, the ac-
cess point receives an acknowledgment request and
transmits the acknowledgment in response to the ac-
knowledgment request. For example, the AP 504 can
receive a BAR 902B (FIG. 9A) from the STA 506B on the
channel 522, and can respond with the BA 904B on the
channel 522.
[0202] In some embodiment, the access point can
schedule a time at which to receive communications from
the second subset of wireless devices. In one embodi-
ment, the access point can schedule a time at which to
receive communications from the second subset of wire-
less devices and transmit a reference signal to at least
one device in the second subset of wireless devices at
the scheduled time. For example, at the scheduled trans-
mit time, the AP 504 can transmit the reference signal
700 to synchronize the STAs 506A-506E. In one embod-
iment, the access point can receive, from at least one
device in the second subset of wireless devices, an in-
dication that the at least one device can be ready to send
data. For example, the AP 504 can receive the RTX 620
from the STA 506E (FIG. 6F).
[0203] In some embodiments, the access point can re-
ceive, from at least one device in the second subset of
wireless devices, a quality-of-service (QoS) field indicat-
ing that the at least one device can be ready to send data.
For example, the STA 506E can transmit a QoS field to
the AP 504 to indicate that it has data to transmit. In
another embodiment, the access point can receive, from
at least one device in the second subset of wireless de-
vices, a power-save poll (PS-Poll) frame indicating that
the at least one device can be ready to send data. For
example, the STA 506E can transmit the PS-Poll frame
to the AP 504 to indicate that it has data to transmit.
[0204] In an embodiment, the method shown in FIG.
12 can be implemented in a wireless device that can in-
clude an exchanging circuit, a receiving circuit, and a
transmitting circuit. Those skilled in the art will appreciate
that a wireless device can have more components than
the simplified wireless device described herein. The wire-
less device described herein includes only those com-

ponents useful for describing some prominent features
of implementations within the scope of the claims.
[0205] The exchanging circuit can be configured to ex-
change the protection frame. In some embodiments, the
exchanging circuit can be configured to perform at least
block 1210 of FIG. 12. The exchanging circuit can include
one or more of the transmitter 410 (FIG. 4), the receiver
412 (FIG. 4), the antenna 416 (FIG. 4), and the trans-
ceiver 414 (FIG. 4). In some implementations, means for
exchanging can include the exchanging circuit.
[0206] The receiving circuit can be configured to re-
ceive communications from the first and second wireless
devices. In some embodiments, the receiving circuit can
be configured to perform at least blocks 1220 and/or 1230
of FIG. 12. The receiving circuit can include one or more
of the receiver 412 (FIG. 4), the antenna 416 (FIG. 4),
and the transceiver 414 (FIG. 4). In some implementa-
tions, means for receiving can include the receiving cir-
cuit.
[0207] The transmitting circuit can be configured to
transmit the acknowledgment. In some embodiments,
the transmitting circuit can be configured to perform at
least block 1240 of FIG. 12. The transmitting circuit can
include one or more of the transmitter 410 (FIG. 4), the
antenna 416 (FIG. 4), and the transceiver 414 (FIG. 4).
In some implementations, means for transmitting can in-
clude the transmitting circuit.
[0208] As used herein, the term "determining" encom-
passes a wide variety of actions. For example, "deter-
mining" may include calculating, computing, processing,
deriving, investigating, looking up (for example, looking
up in a table, a database or another data structure), as-
certaining and the like. Also, "determining" may include
receiving (for example, receiving information), accessing
(for example, accessing data in a memory) and the like.
Also, "determining" may include resolving, selecting,
choosing, establishing and the like. Further, a "channel
width" as used herein may encompass or may also be
referred to as a bandwidth in certain aspects.
[0209] As used herein, a phrase referring to "at least
one of’ a list of items refers to any combination of those
items, including single members. As an example, "at
least one of: a, b, or c" is intended to cover: a, b, c, a-b,
a-c, b-c, and a-b-c.
[0210] The various operations of methods described
above can be performed by any suitable means capable
of performing the operations, such as various hardware
and/or software component(s), circuits, and/or mod-
ule(s). Generally, any operations illustrated in the Figures
can be performed by corresponding functional means
capable of performing the operations.
[0211] The various illustrative logical blocks, modules
and circuits described in connection with the present dis-
closure can be implemented or performed with a general
purpose processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field pro-
grammable gate array signal (FPGA) or other program-
mable logic device (PLD), discrete gate or transistor log-
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ic, discrete hardware components or any combination
thereof designed to perform the functions described
herein. A general purpose processor can be a microproc-
essor, but in the alternative, the processor can be any
commercially available processor, controller, microcon-
troller or state machine. A processor may also be imple-
mented as a combination of computing devices, for ex-
ample, a combination of a DSP and a microprocessor, a
plurality of microprocessors, one or more microproces-
sors in conjunction with a DSP core, or any other such
configuration.
[0212] In one or more aspects, the functions described
can be implemented in hardware, software, firmware, or
any combination thereof. If implemented in software, the
functions can be stored on or transmitted over as one or
more instructions or code on a computer-readable me-
dium. Computer-readable media includes both computer
storage media and communication media including any
medium that facilitates transfer of a computer program
from one place to another. A storage media can be any
available media that can be accessed by a computer. By
way of example, and not limitation, such computer-read-
able media can comprise RAM, ROM, EEPROM, CD-
ROM or other optical disk storage, magnetic disk storage
or other magnetic storage devices, or any other medium
that can be used to carry or store desired program code
in the form of instructions or data structures and that can
be accessed by a computer. Also, any connection is prop-
erly termed a computer-readable medium. For example,
if the software is transmitted from a website, server, or
other remote source using a coaxial cable, fiber optic
cable, twisted pair, digital subscriber line (DSL), or wire-
less technologies such as infrared, radio, and microwave,
then the coaxial cable, fiber optic cable, twisted pair, DSL,
or wireless technologies such as infrared, radio, and mi-
crowave are included in the definition of medium. Disk
and disc, as used herein, includes compact disc (CD),
laser disc, optical disc, digital versatile disc (DVD), floppy
disk, and Blu-ray® disc where disks usually reproduce
data magnetically, while discs reproduce data optically
with lasers. Thus, in some aspects, computer readable
medium may comprise non-transitory computer readable
medium (for example, tangible media). In addition, in
some aspects computer readable medium may comprise
transitory computer readable medium (for example, a sig-
nal). Combinations of the above should also be included
within the scope of computer-readable media.
[0213] Thus, certain aspects may comprise a compu-
ter program product for performing the operations pre-
sented herein. For example, such a computer program
product may comprise a computer readable medium hav-
ing instructions stored (and/or encoded) thereon, the in-
structions being executable by one or more processors
to perform the operations described herein. For certain
aspects, the computer program product may include
packaging material.
[0214] The methods disclosed herein comprise one or
more steps or actions for achieving the described meth-

od. The method steps and/or actions can be inter-
changed with one another without departing from the
scope of the claims. In other words, unless a specific
order of steps or actions is specified, the order and/or
use of specific steps and/or actions can be modified with-
out departing from the scope of the claims.
[0215] Software or instructions may also be transmit-
ted over a transmission medium. For example, if the soft-
ware is transmitted from a website, server, or other re-
mote source using a coaxial cable, fiber optic cable, twist-
ed pair, digital subscriber line (DSL), or wireless technol-
ogies such as infrared, radio, and microwave, then the
coaxial cable, fiber optic cable, twisted pair, DSL, or wire-
less technologies such as infrared, radio, and microwave
are included in the definition of transmission medium.
[0216] Further, it should be appreciated that modules
and/or other appropriate means for performing the meth-
ods and techniques described herein can be downloaded
and/or otherwise obtained by a user terminal and/or base
station as applicable. For example, such a device can be
coupled to a server to facilitate the transfer of means for
performing the methods described herein. Alternatively,
various methods described herein can be provided via
storage means (for example, RAM, ROM, a physical stor-
age medium such as a compact disc (CD) or floppy disk,
etc.), such that a user terminal and/or base station can
obtain the various methods upon coupling or providing
the storage means to the device. Moreover, any other
suitable technique for providing the methods and tech-
niques described herein to a device can be utilized.
[0217] It is to be understood that the claims are not
limited to the precise configuration and components il-
lustrated above. Various modifications, changes and var-
iations can be made in the arrangement, operation and
details of the methods and apparatus described above
without departing from the scope of the claims.
[0218] While the foregoing is directed to aspects of the
present disclosure, other and further aspects of the dis-
closure can be devised without departing from the basic
scope thereof, and the scope thereof is determined by
the claims that follow.
In the following, further embodiments are described
to facilitate the understanding of the invention:

1. A method of high-efficiency wireless frequency
division multiplexing, comprising:

receiving a first communication on a first set of
wireless frequencies from a first wireless device;
receiving a second communication, at least par-
tially concurrent with the first communication, on
a second set of wireless frequencies from a sec-
ond wireless device; and
transmitting at least one acknowledgment of the
first and second communication,
the first set and the second set being mutually
exclusive subsets of a set of wireless frequen-
cies available for use by both the first and second
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wireless device.

2. The method of embodiment 1, further comprising
exchanging, at an access point, at least one frame
reserving a wireless medium with at least one of a
first and second wireless device.

3. The method of embodiment 1, further comprising
transmitting at least one acknowledgment by trans-
mitting a single broadcast acknowledgment on only
the first subset of frequencies.

4. The method of embodiment 1, further comprising
transmitting at least one acknowledgment by receiv-
ing an acknowledgment request and transmitting the
acknowledgment in response to the acknowledg-
ment request.

5. The method of embodiment 1, further comprising
assigning the first and/or second set of wireless fre-
quencies to the first or second device, respectively.

6. The method of embodiment 1, further comprising
receiving an indication of the first or second set of
wireless frequencies from the first or second device,
respectively.

7. The method of embodiment 1, the first wireless
device comprising a legacy device incapable simul-
taneously transmitting on the entire set of wireless
frequencies available for use by both the first and
second wireless device.

8. The method of embodiment 2, exchanging at least
one frame reserving a wireless medium comprising
receiving a ready-to-send (RTX) frame from at least
one of the first and second device.

9. The method of embodiment 8, the ready-to-send
(RTX) frame comprising one or more of: a frame con-
trol field, a duration field, a source address field, a
destination address field, and an information pay-
load comprising one or more of the following indica-
tions: a requested transmission time, the size of the
queues for transmission, a quality-of-service (QoS)
indication for the requested transmission, and a re-
quested transmission bandwidth.

10. The method of embodiment 8, the ready-to-send
(RTX) frame comprising a data frame including a
high throughput control (HTC) field with an indication
reverse decision grant (RDG)=1.

11. The method of embodiment 2, exchanging at
least one frame reserving a wireless medium com-
prising transmitting a reference signal to the first and
second device.

12. The method of embodiment 11, the reference
signal comprising a data frame including a high
throughput control (HTC) field with an indication re-
verse decision grant (RDG)=1.

13. The method of embodiment 11, the reference
signal comprising at least a portion of a power save
multi-poll (PSMP) frame, a PSMP-UTT start offset
within a STA info field identifying the start time for
uplink frequency division multiple access (UL FDMA)
transmissions, a PSMP-UTT duration identifies the
duration of the UL FDMA transmission, and a STA
ID field comprising an identifier of STAs allowed to
transmit.

14. The method of embodiment 11, the reference
signal comprising a frame control field, a duration
field, a receive address field, a transmit address field,
a length field, a STA info field, one or more optional
padding bits, and a frame check sequence (FCS).

15. The method of embodiment 11, the reference
signal comprising an indication of a deferral time for
third party devices.

16. The method of embodiment 11, the reference
signal comprising an indication of devices that are
eligible to transmit at a particular time.

17. The method of embodiment 11, the reference
signal comprising an indication of a power level at
which at least one device should transmit.

18. The method of embodiment 11, the reference
signal comprising an assignment of channels to one
or more devices in the second subset of wireless
devices.

19. The method of embodiment 11, the reference
signal comprising an indication of a transmission
time of at least one device in the second subset of
wireless devices.

20. The method of embodiment 11, the reference
signal comprising a clear-to-send frame (CTS).

21. The method of embodiment 11, the reference
signal comprising a clear-to-send frame (CTS) and
an extended payload comprising one or more pay-
load elements.

22. The method of embodiment 11, the reference
signal comprising a clear-to-send frame (CTS) com-
prising a high-throughput control (HTC) field indicat-
ing one or more target devices.

23. The method of embodiment 11, the reference
signal comprising an aggregated media access con-
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trol protocol data unit (A-MPDU) comprising a clear-
to-send frame (CTS) and one or more payload ele-
ments.

24. The method of embodiment 1, further comprising
scheduling a time at which to receive communica-
tions from the first and second wireless device.

25. The method of embodiment 1, further comprising
scheduling a time at which to receive communica-
tions from the first and second wireless device and
transmitting a reference signal to the first and second
wireless device at the scheduled time.

26. The method of embodiment 1, further comprising
receiving, from at least one device, an indication that
the at least one device is ready to send data.

27. The method of embodiment 1, further comprising
receiving, from at least one device, a quality-of-serv-
ice (QoS) field indicating that the at least one device
is ready to send data.

28. The method of embodiment 1, further comprising
receiving, from at least one device, a power-save
poll (PS-Poll) frame indicating that the at least one
device is ready to send data.

29. An access point configured to perform high-effi-
ciency wireless frequency division multiplexing,
comprising:

a processor;
a receiving configured to:

receive a first communication on a first set
of wireless frequencies from a first wireless
device; and
receive a second communication, at least
partially concurrent with the first communi-
cation, on a second set of wireless frequen-
cies from a second wireless device; and

a transmitter configured to transmit at least one
acknowledgment of the first and second com-
munication,
the first set and the second set being mutually
exclusive subsets of a set of wireless frequen-
cies available for use by both the first and second
wireless device.

30. The access point of embodiment 29, the proces-
sor configured to exchange at least one frame re-
serving a wireless medium with at least one of a first
and second wireless device.

31. The access point of embodiment 29, further com-
prising transmitting at least one acknowledgment by

transmitting a single broadcast acknowledgment on
only the first subset of frequencies.

32. The access point of embodiment 29, further com-
prising transmitting at least one acknowledgment by
receiving an acknowledgment request and transmit-
ting the acknowledgment in response to the acknowl-
edgment request.

33. The access point of embodiment 29, the proces-
sor being further configured to assign the first or sec-
ond set of wireless frequencies to the first or second
device, respectively.

34. The access point of embodiment 29, the receiver
being further configured to receive an indication of
the first or second set of wireless frequencies from
the first or second device, respectively.

35. The access point of embodiment 29, the first wire-
less device comprising a legacy device incapable
simultaneously transmitting on the entire set of wire-
less frequencies available for use by both the first
and second wireless device.

36. The access point of embodiment 30, exchanging
at least one frame reserving a wireless medium com-
prising receiving a ready-to-send (RTX) frame from
at least one of the first and second device.

37. The access point of embodiment 36, the ready-
to-send (RTX) frame comprising one or more of: a
frame control field, a duration field, a source address
field, a destination address field, and an information
payload comprising one or more of the following in-
dications: a requested transmission time, the size of
the queues for transmission, a quality-of-service
(QoS) indication for the requested transmission, and
a requested transmission bandwidth.

38. The access point of embodiment 36, the ready-
to-send (RTX) frame comprising a data frame includ-
ing a high throughput control (HTC) field with an in-
dication reverse decision grant (RDG)=1.

39. The access point of embodiment 30, exchanging
at least one frame reserving a wireless medium com-
prising transmitting a reference signal to the first and
second device.

40. The access point of embodiment 39, the refer-
ence signal comprising a data frame including a high
throughput control (HTC) field with an indication re-
verse decision grant (RDG)=1.

41. The access point of embodiment 39, the refer-
ence signal comprising at least a portion of a power
save multi-poll (PSMP) frame, a PSMP-UTT start
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offset within a STA info field identifying the start time
for uplink frequency division multiple access (UL FD-
MA) transmissions, a PSMP-UTT duration identifies
the duration of the UL FDMA transmission, and a
STA ID field comprising an identifier of STAs allowed
to transmit.

42. The access point of embodiment 39, the refer-
ence signal comprising a frame control field, a dura-
tion field, a receive address field, a transmit address
field, a length field, a STA info field, one or more
optional padding bits, and a frame check sequence
(FCS).

43. The access point of embodiment 39, the refer-
ence signal comprising an indication of a deferral
time for third party devices.

44. The access point of embodiment 39, the refer-
ence signal comprising an indication of devices that
are eligible to transmit at a particular time.

45. The access point of embodiment 39, the refer-
ence signal comprising an indication of a power level
at which at least one device should transmit.

46. The access point of embodiment 39, the refer-
ence signal comprising an assignment of channels
to one or more devices in the second subset of wire-
less devices.

47. The access point of embodiment 39, the refer-
ence signal comprising an indication of a transmis-
sion time of at least one device in the second subset
of wireless devices.

48. The access point of embodiment 39, the refer-
ence signal comprising a clear-to-send frame (CTS).

49. The access point of embodiment 39, the refer-
ence signal comprising a clear-to-send frame (CTS)
and an extended payload comprising one or more
payload elements.

50. The access point of embodiment 39, the refer-
ence signal comprising a clear-to-send frame (CTS)
comprising a high-throughput control (HTC) field in-
dicating one or more target devices.

51. The access point of embodiment 39, the refer-
ence signal comprising an aggregated media access
control protocol data unit (A-MPDU) comprising a
clear-to-send frame (CTS) and one or more payload
elements.

52. The access point of embodiment 29, the proces-
sor being further configured to schedule a time at
which to receive communications from the first and

second wireless device.

53. The access point of embodiment 29, the proces-
sor being further configured to schedule a time at
which to receive communications from the first and
second wireless device and transmitting a reference
signal to the first and second wireless device at the
scheduled time.

54. The access point of embodiment 29, the receiver
being further configured to receive, from at least one
device, an indication that the at least one device is
ready to send data.

55. The access point of embodiment 29, the receiver
being further configured to receive, from at least one
device, a quality-of-service (QoS) field indicating that
the at least one device is ready to send data.

56. The access point of embodiment 29, the receiver
being further configured to receive, from at least one
device, a power-save poll (PS-Poll) frame indicating
that the at least one device is ready to send data.

57. An apparatus for high-efficiency wireless fre-
quency division multiplexing, comprising:

means for receiving a first communication on a
first set of wireless frequencies from a first wire-
less device;
means for receiving a second communication,
at least partially concurrent with the first com-
munication, on a second set of wireless frequen-
cies from a second wireless device; and
means for transmitting at least one acknowledg-
ment of the first and second communication,
the first set and the second set being mutually
exclusive subsets of a set of wireless frequen-
cies available for use by both the first and second
wireless device.

58. A non-transitory computer-readable medium
comprising code that, when executed, causes an ap-
paratus to:

receive a first communication on a first set of
wireless frequencies from a first wireless device;
receive a second communication, at least par-
tially concurrent with the first communication, on
a second set of wireless frequencies from a sec-
ond wireless device; and
transmit at least one acknowledgment of the first
and second communication,
the first set and the second set being mutually
exclusive subsets of a set of wireless frequen-
cies available for use by both the first and second
wireless device.
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Claims

1. A method of high-efficiency wireless frequency divi-
sion multiplexing, comprising:

a.) receiving, at a first wireless device, a refer-
ence signal from an access point, the reference
signal indicative of wireless frequencies availa-
ble for use by the first and a second wireless
device, and indicative of a power level at which
at least the first or the second device should
transmit;
b.) transmitting a first communication to the ac-
cess point based on the reference signal, the
communication utilizing a first subset of wireless
frequencies available for use;
wherein the first communication is at least par-
tially concurrent with a second communication,
from the second wireless device, utilizing a sec-
ond subset of wireless frequencies, the second
subset excluding the first subset; and
c.) receiving, from the access point only on the
first subset of wireless frequencies, an acknowl-
edgement of the first communication.

2. The method of claim 1, wherein receiving the ac-
knowledgment of the first communication comprises
a single broadcast acknowledgment.

3. The method of any preceding claim, further compris-
ing transmitting, from the first wireless device, an
acknowledgment request to the access point, where-
in the acknowledgment of the first communication is
in response to the acknowledgment request.

4. The method of any preceding claim, wherein the first
subset of wireless frequencies is assigned to the first
wireless device and the second subset of wireless
frequencies is assigned to the second wireless de-
vice.

5. The method of any preceding claim, further compris-
ing transmitting, from the first wireless device to the
access point, an indication of the first subset of wire-
less frequencies.

6. The method of any preceding claim, wherein the first
wireless device is capable of simultaneously trans-
mitting on both the first subset of wireless frequen-
cies and the second subset of wireless frequencies.

7. The method of any preceding claim, further compris-
ing transmitting a ready-to-send (RTX) frame from
the first wireless device to the access point.

8. The method of claim 7, wherein the ready-to-send
(RTX) frame comprises one or more of: a frame con-
trol field, a duration field, a source address field, a

destination address field, and an information pay-
load comprising one or more of the following indica-
tions: a requested transmission time, a size of one
or more queues for transmission, a quality-of-service
(QoS) indication for a requested transmission, and
a requested transmission bandwidth; or wherein the
ready-to-send (RTX) frame includes a high through-
put control (HTC) field with an indication reverse de-
cision grant (RDG)=1.

9. The method of any preceding claim, wherein the ref-
erence signal

- includes a high throughput control (HTC) field
with an indication reverse decision grant
(RDG)=i; or
- comprises at least a portion of a power save
multi-poll (PSMP) frame, a PSMP-UTT start off-
set within a station information field identifying
a start time for an uplink frequency division mul-
tiple access (UL FDMA) transmission, a PSMP-
UTT duration identifying a duration of the UL FD-
MA transmission, and a STA ID field comprising
an identifier of stations allowed to transmit; or
- comprises a frame control field, a duration field,
a receive address field, a transmit address field,
a length field, a station information field, one or
more optional padding bits, and a frame check
sequence (FCS); or
- comprises an indication of a deferral time for
third party devices; or
- comprises an indication of devices that are el-
igible to transmit at a particular time; or
- comprises an assignment of channels to one
or more devices included in the first set of wire-
less devices; or
- comprises an indication of a transmission time
of at least one device included in the first set of
wireless devices; or
- comprises a clear-to-send frame (CTS); or
- comprises a clear-to-send frame (CTS) and an
extended payload comprising one or more pay-
load elements; or
- comprises a clear-to-send frame (CTS) com-
prising a high-throughput control (HTC) field in-
dicating one or more target devices; or
- comprises an aggregated media access con-
trol protocol data unit (A-MPDU) comprising a
clear-to-send frame (CTS) and one or more pay-
load elements.

10. The method of any preceding claim, further compris-
ing scheduling, in connection with the access point,
a time at which to transmit communications, from the
first wireless device, to the access point.

11. The method of claim 10, further comprising receiv-
ing, at the first wireless device, the reference signal
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at the scheduled time.

12. The method of any preceding claim, further compris-
ing transmitting, to the access point, an indication
that the first wireless device is ready to send data.

13. The method of claim 12, wherein the indication

- comprises a quality-of-service (QoS) field; or
- comprises a power-save poll (PS-Poll) frame.

14. An apparatus configured to perform the method of
any of the preceding claims 1-13.

15. A computer program comprising instructions to per-
form the method of any of the preceding claims 1-13.
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