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Various aspects are provided related to techniques for signal
extension (SE) signaling. A signal extension (SE) duration
for a data unit can be identified from a set of at least three
possible SE durations. A single signaling bit in the data unit
can be used to indicate the identified SE duration from the
set of at least three possible SE durations to a receiver of the
data unit. The data unit can be output for transmission to the
receiver.
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TECHNIQUES FOR SIGNAL EXTENSION
SIGNALING

CLAIM OF PRIORITY UNDER 35 U.S.C. §119

[0001] The present application for patent claims priority to
Provisional Application No. 62/165,848 entitled “TECH-
NIQUES FOR SIGNAL EXTENSION SIGNALING” filed
May 22, 2015, and Provisional Application No. 62/170,059
entitled “TECHNIQUES FOR SIGNAL EXTENSION SIG-
NALING” filed Jun. 2, 2015, which are assigned to the
assignee hereof and hereby expressly incorporated by ref-
erence herein for all purposes.

BACKGROUND

[0002] The present disclosure relates generally to telecom-
munications, and specifically to techniques for signal exten-
sion signaling.

[0003] The deployment of wireless local area networks
(WLANS) in the home, the office, and various public facili-
ties is commonplace today. Such networks typically employ
a wireless access point (AP) that connects a number of
wireless stations (STAs) in a specific locality (e.g., home,
office, public facility, etc.) to another network, such as the
Internet or the like. A set of STAs can communicate with
each other through a common AP in what is referred to as a
basic service set (BSS). Nearby BSSs may have overlapping
coverage areas and such BSSs may be referred to as over-
lapping BSSs or OBSSs.

[0004] In order to address the desire for greater data
throughput using WLANSs (e.g., Wi-Fi networks), different
approaches are being considered. For example, in the IEEE
802.11ax Wi-Fi standard, a larger number of tones are
processed and decoded when compared to earlier or legacy
Wi-Fi standards (e.g., IEEE 802.11ac). The larger number of
tones allows more data to be transmitted in the same
bandwidth and time period.

[0005] The processing of signals with a larger number of
tones may result in receiver devices having to perform
additional processing on frames or data units (e.g., packet
layer convergence protocol (PLCP) protocol data units (PP-
DUs)) than what is needed to handle legacy frames or data
units that use fewer tones. The additional processing may
cause the receiver devices to take more time to process and
decode the data units. There is therefore a desire for
improvements in wireless communications that accommo-
date for the added time consumed by those receiver devices
processing data units for networks with greater data through-
put.

SUMMARY

[0006] In one aspect, a method for signaling in wireless
communications may include identifying a signal extension
(SE) duration for a data unit from a set of at least three
possible SE durations (e.g., five possible SE durations),
using a single signaling bit in the data unit to indicate the
identified SE duration from the set of at least three possible
SE durations to a receiver of the data unit, and outputting the
data unit for transmission to the receiver. In other aspects,
various apparatuses and/or non-transitory computer-read-
able medium corresponding to this method are also
described.

[0007] In another aspect, a method for signaling in wire-
less communications may include receiving a data unit from
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a transmitter device, identifying a single signaling bit in the
data unit that indicates an SE duration selected for the data
unit, and using the single signaling bit to determine which
SE duration from a set of at least three possible SE durations
(e.g., five possible SE durations) has been selected for the
data unit. In other aspects, various apparatuses and/or non-
transitory computer-readable medium corresponding to this
method are also described.

[0008] It is understood that other aspects of apparatuses
and methods will become readily apparent to those skilled in
the art from the following detailed description, wherein
various aspects of apparatuses and methods are shown and
described by way of illustration. As will be realized, these
aspects may be implemented in other and different forms and
its several details are capable of modification in various
other respects. Accordingly, the drawings and detailed
description are to be regarded as illustrative in nature and not
as restrictive

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Various aspects of apparatuses and methods will
now be presented in the detailed description by way of
example, and not by way of limitation, with reference to the
accompanying drawings, wherein:

[0010] FIG. 1 is a conceptual diagram illustrating an
example of a wireless local area network (WLAN) deploy-
ment;

[0011] FIG. 2 is a conceptual diagram illustrating an
example of a signal extension scheme;

[0012] FIG. 3A is a conceptual diagram illustrating an
example of signal extension signaling from a transmitter
device to a receiver device;

[0013] FIG. 3B is a conceptual diagram illustrating an
example of signal extension signaling in a multi-user sce-
nario;

[0014] FIG. 4A is a conceptual diagram illustrating an
example of a rounding error in signal extension signaling;
[0015] FIG. 4B is a conceptual diagram illustrating an
example of an ambiguity in signal extension signaling;

[0016] FIG. 5 is a diagram illustrating an example of a
mapping table;
[0017] FIG. 6A is a conceptual diagram illustrating a first

example of a signal extension signaling multi-user scenario;
[0018] FIG. 6B is a conceptual diagram illustrating a
second example of a signal extension signaling multi-user
scenario;

[0019] FIG. 6C is a conceptual diagram illustrating a third
example of a signal extension signaling multi-user scenario;
[0020] FIG. 7 is a block diagram illustrating an example of
a signal extension signaler in a transmitter device;

[0021] FIG. 8 is a block diagram illustrating an example of
a signal extension signaler in a receiver device;

[0022] FIG. 9 is a flow diagram illustrating an example of
a method for signal extension signaling by a transmitter
device;

[0023] FIG. 10 is a flow diagram illustrating an example
of a method for signal extension signaling by a receiver
device;

[0024] FIG. 11 is a flow diagram illustrating another
example of a method for signal extension signaling by a
transmitter device;

[0025] FIG. 12 is a flow diagram illustrating another
example of a method for signal extension signaling by a
receiver device; and
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[0026] FIG. 13 is a block diagram illustrating an example
of a processing system that supports signal extension sig-
naling operations.

DETAILED DESCRIPTION

[0027] Various concepts will be described more fully
hereinafter with reference to the accompanying drawings.
These concepts may, however, be embodied in many differ-
ent forms by those skilled in the art and should not be
construed as limited to any specific structure or function
presented herein. Rather, these concepts are provided so that
this disclosure will be thorough and complete, and will fully
convey the scope of these concepts to those skilled in the art.
The detailed description may include specific details. How-
ever, it will be apparent to those skilled in the art that these
concepts may be practiced without these specific details. In
some instances, well known structures and components are
shown in block diagram form in order to avoid obscuring the
various concepts presented throughout this disclosure.
[0028] The present disclosure provides various aspects
related to techniques for signal extension signaling in single
user and multi-user scenarios. To address the desire for
greater data throughput using WL ANs networks, the IEEE
802.11ax Wi-Fi standard uses a number of tones that is four
(4) times the number of tones used in the legacy IEEE
802.11ac Wi-Fi standard. With a greater number of tones
comes increased complexity at a receiver device processing
data units having the larger number of tones. The receiver
device, however, has to process a received data unit and
generate a response to the received data unit under IEEE
802.11ax in the same amount of time as it would have under
the legacy IEEE 802.11ac. That is, the receiver device has a
turnaround time to generate a response (e.g., ACK, NACK,
or other type of response) in IEEE 802.11ax of a short
interframe space (SIFS) duration, or 16 microseconds (us),
even though it now has to process four times the number of
tones.

[0029] To alleviate this additional processing complexity
on the receiver device, signal extension (SE) schemes are
generally being considered. The term “signal extension”
may be used interchangeably with the term “frame exten-
sion” (or FE), “packet extension” (or PE), or similar terms,
however, “signal extension” (or SE) is mainly used through-
out this disclosure. Signal extension may refer to the exten-
sion of a duration of a data unit (e.g., one or more packets)
or frame by adding a waveform to the end of the data unit
or frame (see e.g., SE 230 in FIG. 2). By having a data unit
extended or increased in this way, a receiver device can
complete the processing of the data unit and provide a
response to an extended data unit within a desired duration,
such as a SIFS duration (e.g., 16 microseconds (us)) in IEEE
802.11ax. In other words, the receiver device can have the
duration of the signal extension in addition to the SIFS
duration to perform the data unit processing and the gen-
eration of an appropriate response.

[0030] The determination of the scenarios in which signal
extension is to be used for a data unit and by how much
should the data unit be extended may be based, at least in
part, on various considerations, such as whether a modula-
tion and coding scheme (MCS) exceeds a predetermined
threshold, a portion of useful bits in the last symbol of the
data unit, etc. In an example, based on determining that
signal extension is to be used for a particular data unit and
the amount or duration of the signal extension that is to be
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added to the end of the data unit, the transmitter device (e.g.,
an AP) can signal the signal extension information to the
receiver device (e.g., an STA) for the receiver device to
know how much of the received data is to be decoded (e.g.,
when to stop decoding the received data unit) and to allow
the receiver time to complete processing. In multi-user
cases, the transmitter device can signal extension informa-
tion to multiple receiver devices.

[0031] Some proposed signaling schemes for signal exten-
sion rely on a number of bits that provide enough resolution
for the receiver device to determine the duration of the signal
extension applied by the transmitter device. For example,
when there are five possible signal extension durations that
can be applied to a data unit, one proposed signaling scheme
uses three bits (e.g., eight distinct values) to clearly identify
and signal to a receiver device which one of the five possible
signal extension durations has been selected at the transmit-
ter device for the particular data unit. Using fewer than three
bits in this proposed scheme would not work because the
number of distinct values would be less than five. For
example, using two bits would only provide four distinct
values and all five possible signal extension durations could
not be signaled. In another example, using a single bit would
only provide two distinct values and all five possible signal
extension durations could not be signaled.

[0032] The present disclosure provides for a signaling
scheme for signal extension that can use a single signaling
bit (also referred to as a disambiguation bit or ambiguity bit)
to identify and signal to a receiver device which one of five
possible signal extension durations has been selected at the
transmitter device for a particular data unit. Using the
single-bit scheme described in this disclosure instead of the
proposed three-bit scheme described above can result in
significant benefits. One reason is that signaling bits are
included in a preamble of the data unit and the preamble is
not transmitted at a high data rate in part to maintain
compatibility with legacy devices. For example, the pre-
amble in many cases is transmitted using the lowest MCS,
with code rate of 14, using convolutional code, and using
binary phase shift keying (BPSK) modulation. Moreover, in
at least some implementations, multiple-input multiple-out-
put (MIMO) and/or spatial multiplexing techniques are not
used to transmit the preamble. Therefore, each additional bit
in the preamble could potentially take up to several micro-
seconds to be transmitted. Because a preamble is used with
each data unit transmitted, even reducing the number of bits
in the preamble by a single bit, let alone two bits, can result
in significant improvements in transmission efficiency.
Aspects of a single-bit scheme for signal extension signaling
are described in more detail below. Moreover, the single-bit
scheme for signal extension signaling is applicable for both
single user and multi-user scenarios.

[0033] FIG. 1 is a conceptual diagram 100 illustrating an
example of a wireless local area network (WLAN) deploy-
ment in connection with various techniques described herein
for signal extension signaling. The WLAN may include one
or more access points (APs) and one or more mobile stations
(STAs) associated with a respective AP. In this example,
there are two APs deployed: AP1 105-a in basic service set
1 (BSS1) and AP2 105-6 in BSS2, which may referred to as
an OBSS. AP1 105-g is shown having at least three asso-
ciated STAs (STA1 115-a, STA2 115-b, and STA3 115-¢)
and coverage area 110-a, while AP2 105-5 is shown having
at least two associated STAs (STA2 115-b and STA4 115-d)
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and coverage area 110-b. In the example of FIG. 1, the
coverage area of AP1 105-a overlaps part of the coverage
area of AP2 105-b such that STA2 115-6 is within the
overlapping portion of the coverage areas. The number of
BSSs, APs, and STAs, and the coverage areas of the APs
described in connection with the WL AN deployment of FIG.
1 are provided by way of illustration and not of limitation.
Moreover, aspects of the various techniques described
herein for signal extension signaling may be based on at
least portions of the WLAN deployment of FIG. 1.

[0034] The APs (e.g., AP1 105-a and AP2 105-5) shown
in FIG. 1 are generally fixed terminals that provide backhaul
services to STAs within its coverage area or region. In some
applications, however, the AP may be a mobile or non-fixed
terminal. The STAs (e.g., STA1 115-a, STA2 115-5, STA3
115-¢, and STA4 115-d) shown in FIG. 1, which may be
fixed, non-fixed, or mobile terminals, utilize the backhaul
services of their respective AP to connect to a network, such
as the Internet. Examples of an STA include, but are not
limited to: a cellular phone, a smart phone, a laptop com-
puter, a desktop computer, a personal digital assistant
(PDA), a personal communication system (PCS) device, a
personal information manager (PIM), personal navigation
device (PND), a global positioning system, a multimedia
device, a video device, an audio device, a device for the
Internet-of-Things (IoT), or any other suitable wireless
apparatus requiring the backhaul services of an AP. An STA
may also be referred to by those skilled in the art as: a
subscriber station, a mobile unit, a subscriber unit, a wireless
unit, a remote unit, a mobile device, a wireless device, a
wireless communications device, a remote device, a mobile
subscriber station, an access terminal, a mobile terminal, a
wireless station, a remote terminal, a handset, a user agent,
a mobile client, a client, user equipment (UE), or some other
suitable terminology. An AP may also be referred to as: a
base station, a base transceiver station, a radio base station,
a radio transceiver, a transceiver function, or any other
suitable terminology. The various concepts described
throughout this disclosure are intended to apply to all
suitable wireless apparatus regardless of their specific
nomenclature.

[0035] Each of STA1115-a, STA2 115-b, STA3 115-¢, and
STA4 115-d may be implemented with a protocol stack. The
protocol stack can include a physical layer for transmitting
and receiving data in accordance with the physical and
electrical specifications of the wireless channel, a data link
layer for managing access to the wireless channel, a network
layer for managing source to destination data transfer, a
transport layer for managing transparent transfer of data
between end users, and any other layers necessary or desir-
able for establishing or supporting a connection to a net-
work.

[0036] Each of AP1 105-a and AP2 105-4 can include
software applications and/or circuitry to enable associated
STAs to connect to a network via communications links 125.
The APs can send frames to their respective STAs and
receive frames from their respective STAs to communicate
data and/or control information (e.g., signaling).

[0037] Each of AP1 105-a and AP2 105-5 can establish a
communications link 125 with an STA that is within the
coverage area of the AP. Communications links 125 can
comprise communications channels that can enable both
uplink and downlink communications. When connecting to
an AP, an STA can first authenticate itself with the AP and
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then associate itself with the AP. Once associated, a com-
munications link 125 can be established between the AP and
the STA such that the AP and the associated STA can
exchange frames or messages through a direct communica-
tions channel.

[0038] While aspects for performing signal extension sig-
naling are described in connection with a WLAN deploy-
ment or the use of IEEE 802.11-compliant networks, those
skilled in the art will readily appreciate, the various aspects
described throughout this disclosure may be extended to
other networks employing various standards or protocols
including, by way of example, BLUETOOTH® (Bluetooth),
HiperLAN (a set of wireless standards, comparable to the
IEEE 802.11 standards, used primarily in Europe), and other
technologies used in wide area networks (WAN)s, WLANSs,
personal area networks (PAN)s, or other suitable networks
now known or later developed. Thus, the various aspects
presented throughout this disclosure for signal extension
signaling may be applicable to any suitable wireless network
regardless of the coverage range and the wireless access
protocols utilized.

[0039] FIG. 2 is a conceptual diagram 200 illustrating an
example of a signal extension scheme. As noted above,
signal extension or SE may be used to alleviate the process-
ing burden that comes when a receiver device processes a
greater number of tones in IEEE 802.11ax compared to the
number of tones in legacy IEEE 802.11ac operations. The
signal extension is implemented by, for example, adding or
applying a SE 230 waveform to the end of a data unit or
frame 210. The signal extension can take several values (i.e.,
can have different durations). In the example of FIG. 2, there
are shown five possible signal extension durations or values
associated with the five data units shown. From the top data
unit to the bottom data units these signal extension values or
durations can be, respectively: O us, 4 us, 8 us, 12 ps, and 16
us. Other implementations may use more than five possible
signal extension durations, and/or may use signal extension
durations that vary from the values shown in FIG. 2. The
signal extension added to a data unit may be different from
the MAC/PHY padding applied as part of the encoding
process. Moreover, the signal extension added to a data unit
may also be different from the additional or extra padding
bits that are added to useful bits in the last symbol of the data
unit as a filler. Various aspects of padding in connection with
signal extension applications are described in more detail
below.

[0040] In the bottom data unit shown in FIG. 2, a receiver
device may have as much as 32 ps (e.g., 16 us from signal
extension and 16 ps from SIFS) to complete the processing
of'a received data unit and to generate (and/or communicate)
any response triggered by the data unit. This amount of time
should now be sufficient in view of improved receiver
processing capabilities for IEEE 802.11ax-compatible
receiver devices.

[0041] As noted above, based on determining that signal
extension is to be used for a particular data unit and the
amount or duration of the signal extension that is to be added
to the end of the data unit, a transmitter device can signal the
signal extension information to the receiver device (or
receiver devices) for the receiver device to determine how
and/or when to stop decoding the received data unit.
[0042] FIG. 3A1is a conceptual diagram 300 illustrating an
example of signal extension signaling from a transmitter
device 310 to a receiver device 320. In one example based
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on the WLAN deployment of FIG. 1, the transmitter device
310 can be AP1 105-4 and the receiver device 320 can be the
STA1 115-a. In this example, the AP1 105-a determines that
signal extension is to be applied to a data unit (e.g., data unit
330) and the duration of the signal extension to be applied.
The AP1 105-a then signals (e.g., using a communications
link 125) the signal extension to the STA1 115-a using the
single-bit signaling scheme described herein. The STA1
115-a may then decode the data unit by first identifying the
signal extension applied from the signaling provided by the
AP1 105-a.

[0043] The data unit 330 is shown to generally include a
legacy preamble 335, a high efficiency (HE) preamble 340,
which may include the single signaling bit 355 used for the
single-bit signaling scheme, data portion 345, and signal
extension 350.

[0044] In another example of the WLAN deployment of
FIG. 1, the transmitter device 310 can be the STA1 115-a of
FIG. 1 and the receiver device 320 can be the STA3 115-c
of FIG. 1, which are in a device-to-device communication
configuration. In this example, the STA1 115-a determines
that signal extension is to be applied to a data unit (e.g., data
unit 330) and the duration of the signal extension to be
applied. The STA1 115-a then signals (e.g., using a device-
to-device communications link 127) the signal extension to
the STA3 115-¢ using the single-bit signaling scheme
described herein. The STA3 115-¢ may then decode the data
unit by first identifying the signal extension applied from the
signaling provided by the STA1 115-a.

[0045] The examples illustrated in FIG. 3A represent
single user scenarios. FIG. 3B is a conceptual diagram 370
illustrating an example of signal extension signaling in a
multi-user scenario. In this example, which is based on the
WLAN deployment of FIG. 1, the transmitter device 310
can be AP1 105-g and there is more than one receiver device
320, which can be the STA1 115-a, STA2 115-b, and STA3
1115-c. In this example, the AP1 105-a determines that
signal extension is to be applied to a data unit (e.g., data unit
330) for each of the STAs and the duration of the signal
extension to be applied. The AP1 105-a then signals (e.g.,
using a communications link 125) the signal extension to
STA1 115-a, STA2 115-b, and STA3 115-c using the single-
bit signaling scheme described herein. The STA1 115-a,
STA2 115-4, and STA3 115-¢c may each independently
decode their respective data unit by first identifying the
signal extension applied from the signaling provided by the
AP1 105-a.

[0046] The signal extension scheme or mechanism
described in this disclosure includes various aspects that
enable the use of a single bit signaling scheme for both
single user and multi-user scenarios. One such aspect is the
use of a two-step padding process. A first step involves a
pre-forward error correction (pre-FEC) padding that corre-
sponds to the IEEE 802.11ax medium access control (MAC)
padding. This aligns with all four possible predefined bound-
aries in a symbol (the “a” factor described in more detail
below). A second step involves a post-FEC padding to align
to symbol boundaries. The signal extension can be applied
by the transmitter device (e.g., transmitter device 310) when
a certain condition is met. For example, when the data
modulation and coding scheme (MCS) is greater than a
predetermined threshold, signal extension may be applied.
The duration of the signal extension may be based on the
amount of post-FEC padding that is applied to a data unit or
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frame. The duration of the signal extension, as well as the
number of data symbols (N,,,) in a data unit, may be
signaled by a transmitter device to a receiver device by using
a single signaling bit as described below. As described
herein, the use of a single signaling bit may refer to needing
only a single bit in addition to other information provided by
preambles in the data unit to clarify potential ambiguities in
the selection of signal extension. For example, and as
described in more detail below, the use of a single signaling
bit to indicate the signal extension duration refers to using
the single signaling bit to resolve the ambiguity in the
number of symbols for the data unit, Nsym, and the signal
extension duration. The Nsym and the signal extension
duration can be indicated by a combination of the Length
field (L_;zyere) transmitted through the legacy signal
(L-SIG) field and the single signaling bit together.

[0047] FIG. 4A is a conceptual diagram 400 illustrating an
example of a rounding error in signal extension signaling. In
IEEE 802.11ax, the Length field (L_; zrgryy) transmitted
through the legacy signal (L-SIG) field in the legacy pre-
amble can be used to indicated both the data unit (e.g., data
unit 330) duration (TXTIME) and the signal extension 350.
For example, the number of symbols for the data unit can be
computed from the following expression (Equation 1):

TXTIME — preamble_duration

sym =

Tom

where T, ,,, (data symbol duration) and the preamble_dura-
tion are known at the receiver. Equation 1 above uses a
flooring function to obtain N ,,. In an example, if a number
is 3.4, the flooring function rounds the number down to 3. A
duration of the signal extension 350 can be computed based
on the number of data symbols.

[0048] When signal extension is applied to the end of the
data unit, as illustrated in FIG. 4A, there may be a rounding
error “A” caused by L_ ; zye7zr quantization. This rounding
error may result in ambiguities. FIG. 4B is a conceptual
diagram 410 illustrating an example of an ambiguity in
signal extension signaling. The signal extension 350 in FIG.
3A can take the values within a set of signal extension
durations that include, for example, O us, 4 ps, 8 us, 12 ps,
and 16 ps. When the signal extension duration (Tgz) is 12 ps
or 16 us, an ambiguity may occur in the computation of the
number of data symbols, N, ,,. Because of the rounding
error “A” caused by L_ ; sy quantization, an ambiguity
as to the signal extension duration occurs when T+
A>Tsym (data symbol duration), as illustrated to the right of
FIG. 4B. In this case, an SE disambiguation bit (also referred
to a single signaling bit), may be used to resolve N and
Tz In one example, by setting the value of the SE disam-
biguation bit to “0”, the bit may be used to indicate whether
the T is part of a first subset of durations, and by setting
the value of the SE disambiguation bit to “1”, the bit may be
used to indicate whether the T is part of a second subset
of durations. The SE disambiguation bit may be used to
inform the receiver (e.g., the receiver device 320), when the
number of data symbols, N, is to be reduced by one (1)
because of the ambiguity.

[0049] In order to determine, signal, and use the SE
disambiguation bit (or single signaling bit), in one example,
the following approach may be used.
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[0050] The value of the duration of the data unit 330 in
number of bytes is determined by the transmitter device 310
based on the time duration of the data unit 330 (TXTIME).
At the transmitter device (e.g., AP1 105-a or STA1 115-a),
the duration of the data unit 330 (e.g., physical layer
convergence protocol (PLCP) data unit (PPDU)) is included
in a Length field (L__; sy of the legacy signal (L-SIG)
field of the legacy preamble 335. The duration of the data
unit 330, in number of bytes, can be determined by the
following expression (Equation 2):

TXTIME - 20
Ligvern = [f} X3-3-m,
where
m=1,2
where TXTIME=T; presrmretToe rreavmretTpardt

Tz T, preanmrre 1S the duration of the legacy preamble 335
of the data unit 330 and includes a legacy short training field
(L-STF), a legacy long training field (L-LTF), and L-SIG.
Ty preasee 1S the duration of the high efficiency (HE) or
IEEE 802.11ax preamble 340 of the data unit 330 and
includes an RL-SIG, an HE-SIG-A, an HE-SIG-B, an HE-
STF, and an HE-LTF. The value m shown can be added in
IEEE 802.11ax to ensure that L;.\sry 15 not exactly a
multiple of 3 and therefore can be used to distinguish
between IEEE 802.11ax and IEEE 802.11ac transmissions
(e.g., auto-detections). Equation 2 above uses a ceiling
function with respect to TXTIME—20/4. In an example, if
a number is 3.4, the ceiling function rounds the number up
to 4. In an example, the value of T, is the duration of the
data portion 345 of the data unit 330 and can be determined
by the transmitter device 310 based on the following expres-
sion (Equation 3):

Tpara=NeymX Tym =Ngymx (12.8+ T 57)

sym g

where N, is the number of data symbols, T,,, is the
duration of'a data symbol, and T, is the guard time of a data
symbol, which can take the values of 0.8 us, 1.6 pus, or 3.2
us. As such, the data symbol duration, in an example, can be
13.6 ps (12.8 pus+0.8 ps), 14.4 us (12.8 us+1.6 us), or 16 ps
(12.8 us+3.2 ps). Finally, Tz is the duration of the of the
signal extension 350 and can take the values within a set of
signal extension durations that may include, for example, 0
us, 4 us, 8 us, 12 ps, and 16 ps.

[0051] In IEEE 802.11ac, the transmitter device 310 can
provide L; zycrz and TXTIME to allow the receiver device
320 to determine the number of data symbols (N,,,) to be
decoded. In IEEE 802.11ax, for the receiver device 320 to
determine the number of data symbols (N,,,,) to be decoded,
the transmitter device 310 may provide L_;verm
TXTIME, and Tg.

[0052] According to aspects described herein, for
example, the transmitter device 310 may be configured to
communicate the duration of the signal extension 350 (e.g.,
Tsz) to the receiver device 320 by only using a single
signaling bit 355 (e.g., the SE disambiguation bit), which
may be indicated in the HE-SIG-A or HE-SIG-B field of the
high efficiency preamble 340. This approach can be used to
communicate the duration of the signal extension 350 for
both single user and multi-user cases. Alternatively, the
single signaling bit 355 may be included in another location
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of the data unit 330. By using only one signaling bit, it is
possible to disambiguate the length of the signal extension
350 by indicating whether the signal extension takes values
in a first subset of the set of signal extension durations (e.g.,
4 ps, 8 us, and 12 us), or takes values in a second subset of
the set of signal extension durations (e.g., 12 us and 16 ps).
Based on the single signaling bit (e.g., the disambiguation
bit devoted to signal extension signaling), and other infor-
mation available to the receiver of the data unit 330, the
receiver is able to uniquely determine which value of the five
or more possible values is used for the signal extension 350
of the data unit 330. In another example, another signaling
bit (or an additional one or more available bits) may also be
used to convey to the receiver device 320 that signal
extension 350 is either present or absent, whether the signal
extension 350 is of a certain value (e.g., signal extension
duration of >16 ps), larger than the value, etc., whether the
signal extension 350 is of a specific format (e.g., whether the
signal extension 350 is similar to or the same as an LTF or
other field transmitted earlier in the frame), etc.

[0053] The transmitter device 310 may be configured to
set or determine the SE disambiguation bit (e.g., the single
signaling bit 355) as follows. In an example, if the condition
in expression shown below (Equation 4) is TRUE, then the
transmitter device 310 may set the SE disambiguation bit
(single signaling bit 355) to “1,” or else the transmitter
device 310 may set the SE disambiguation bit (single
signaling bit 355) to “0.”

TXTIME - 20 ))
2 Lsym

4

TXTIME - 20
Tse +4><U }—(

4

For example, the rounding error “A” described above may be
computed by:

o~ I

In an example, the expression

TXTIME - 20
4

TXTIME - 20 ])
4

TXTIME - 20
4

can be used to compute L. ;yverpy for L-SIG in IEEE
802.11ax and may already be available to the transmitter
device 310. These bit values may be provided by way of
illustration and other value assignments may also be used.
Once the single signaling bit 355 have been set according to
the scheme described above, the transmitter device 310 may
include the single signaling bit 355 in, for example, the
HE-SIG-A or HE-SIG-B field in the high efficiency pre-
amble 340 of the data unit 330, and may send or transmit the
data unit 330 to the receiver device 320 for decoding.

[0054] The time duration of the data unit 330 can be
determined by the receiver device 320 based on the duration
of'the data unit 330 in number of bytes (. ; zyg7z)- That is,
at the receiver device 320, the duration RXTIME of the data
unit 330 can be computed from L. ; 7 in the L-SIG as
follows (Equation 5):
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Lignari +m+3

RXTIME = 3

x4 -20

[0055] Based on the RXTIME, for example, the number of
data symbols, N, can be computed or determined by the

receiver device 320 using the following expression (Equa-
tion 6):

RXTIME — T}, preamsre — THE_PREAMBLE

oy = = SEgisambiguation_bit

Tom

where the receiver device 320 identifies the single signaling
bit 355 from the data unit 330 and uses it as the SE
disambiguation bit. As Equation 6 above illustrates, when
SE disambiguation bit=1, the number of data symbols
according to the IEEE 802.11ax computation can be reduced
by one (1).

[0056] Based on the value of N, for example, the
duration of the signal extension 350 (e.g., T) applied to the
data unit 330 can be determined or computed by the receiver
device 320 based on the following expression (Equation 7):

Tsg ={

Based on T, for example, the receiver device 320 can
decode the data unit 330 because the receiver device 320 can
determine where to stop the decoding (e.g., after T; pzp-
L2+ Ly prpansretNeymX Tom))-

[0057] An example of the calculations described above is
provided next. For a packet transmission in 80 MHz band-
width with the following parameters: single stream (1ss),
MCS7: 64QAM with 5/6 code rate, LDPC code, GI=0.8 ps
such that T,,=12.8+40.8=13.6 ps, 2xLTF, packet
si2e=12640 bytes, T} prranmie=20 US, Tyr preanmre=24
us, and the number of data symbols is 21. In this example,
the size of the packet is such that the fraction or ratio of
useful bits in the last symbol is 0.75. If the receiver device
320 (e.g., STA) indicates that signal extension is needed for
MCS7, 1ss, 80 MHz, then Ty;=12 ps.

[0058] At the transmitter device 310 (e.g., AP), the fol-
lowing calculations can be performed in accordance with
Equation 2:

RXTIME — Ty, preamprE — Tue_pREAMBLE — (Ngym X Tiym) y

4
4

TXTIME =T}, preamsre + The_preEamsLE + Tpara + Tsg
=20+24+21x13.6+12=341.6 us

TXTIME - 20

7 }X3—3—1;assumingm:1

Ligncrn = [

=239

[0059] Based on the condition outlined above in Equation
4 to set the signaling bit:

TXTIME-I _ (TXTIME

TSE+4><([ 7 7

)) = 14432 T, =136
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Since the condition is TRUE, in this example, the SE
disambiguation bit (single signaling bit 355) can be set to a
value of “1.”
[0060] At the receiver device 320 (e.g., STA), the follow-
ing calculations can be performed in accordance with Equa-
tions 5 and 6:

L, +m+3
RXTIME = [% x4—20 = 344 gs
Noym =
RXTIME - T;,_preamsre — THE_prEAmBLE | _ {344 -20- 24J -9 us
Tom T B T
nym = N;ym -1=21
[0061] For example, the signal extension duration (Tgz)

can be calculated at the receiver device 320 in accordance
with Equation 7 as follows:

RXTIME — Ty, prEAMBLE —

Tug_prEAMBLE — (Nsym X Tsym)
x4
4
{344 —20-24-(21x13.6)
= 2

Tsg =

JX4=12/,(S

In this example, the 12 ps of signal extension duration (Ty)
applied by the transmitter device 310 (e.g., from a total of at
least five different possible signal extension durations) can
be identified at the receiver device 320 based on a single
signaling bit 355 provided by the transmitter device 310.
[0062] While the procedures above have been described
from the perspective of a single transmitter and a single
receiver (e.g., single user scenario), signal extension signal-
ing techniques for multi-user scenarios can be similarly
employed. As described above, there can be a two-step
procedure to provide pre-FEC and post-FEC padding to a
data unit. The pre-FEC padding can generally be treated like
data for decoding purposes, while post-FEC padding can
generally be used to align to a symbol boundary in the last
symbol of the data unit. This two-step procedure may be
performed by the transmitter device 310, for example. The
transmitter device 310 may also determine to apply signal
extension when data MCS for any of the wireless stations or
STAs under consideration in the multi-user scenario is
greater than its respective threshold. That is, where one STA
is determined to meet this condition, the transmitter device
310 can apply signal extension to all the STAs being
considered. While in this example data MCS is the condition
being used to determine whether to apply signal extension,
other conditions may be used such as data rate, for example.
The signal extension for each STA can be based on the
respective amount of post-FEC padding that is applied. The
transmitter device 310 may identify or determine the maxi-
mum signal extension (e.g., the one with the longest dura-
tion) from those determined for the STAs and apply that
maximum signal extension to all of the STAs. That is, the
transmitter device 310 may apply a common signal exten-
sion to all of the STAs.

[0063] The signal extension indication for multi-user sce-
narios is also similar to the single user case. For example, the
transmitter device 310 (e.g., AP1 105-a in FIG. 1) indicates
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the signal extension applied through the [.-SIG length indi-
cation and the SE disambiguation bits (e.g., single signaling
bit 355). Each STA can then use this information to inde-
pendently determine the duration of the signal extension that
was applied.

[0064] There may be different signal extension examples
(e.g., when there is more than one receiver device 320, or
STA, receiving signals from transmitter device 310, or AP).
Each of these examples relies on a mapping of the signal
extension to a factor (a) that indicates a ratio or portion of
useful bits in the last symbol (e.g., a last symbol of data
portion 345) of a data unit 330. FIG. 5 is a diagram 500
illustrating an example of a table for mapping signal exten-
sion durations (e.g., 4 us, 8 us, 12 ps, and 16 ps) to values
of factor “a” (e.g., 1, 2, 3, and 4), which represent a ratio of
useful bits in the last symbol. For example, this table may be
used to determine whether a signal extension 350 is present
in a received signal and/or a length of the signal extension
relative to a determined factor (a) of the data portion 345 of
the received signal.

[0065] FIG. 6A is a conceptual diagram 600 illustrating a
first example of a signal extension signaling multi-user
scenario. In this example, the first STA (STA1, e.g. as a
receiver device 320) may not use a signal extension but the
second STA (STA2, e.g., as a receiver device 320) may use
a signal extension 350 following data portion 345 of the data
unit. The transmitter device 310, for example, may deter-
mine to use 4 us of signal extension for STA2 based on the
amount of post-FEC padding 612. In this example, in the
multi-user scenario, the transmitter device 310 applies the 4
us of signal extension to both STA1 and STA2. STA1, after
receiving the data unit with the 4 us of signal extension, can
ignore the signal extension added by the transmitter device
310 when processing (e.g., decoding) the data unit. On the
other hand, STA2, after receiving the data unit with the 4 ps
of signal extension, uses the signal extension to complete
processing of the data unit and/or generating/communicat-
ing a response for the data unit.

[0066] FIG. 6B is a conceptual diagram 610 illustrating a
second example of a signal extension signaling multi-user
scenario. In this example, the first STA (STA1, as a receiver
device 320) and the second STA (STA2, as a receiver device
320) may not use a signal extension following data portion
345 of the data unit. The transmitter device 310, for
example, may determine that the amount of post-FEC pad-
ding 612 for STA2 is 16 ps. In that case, the transmitter
device 310 does not apply signal extension to STA1 and
STA2 because STA1 may not need it and STA2 can use the
16 us of post-FEC padding to complete receiver processing.

[0067] FIG. 6C is a conceptual diagram 620 illustrating a
third example of a signal extension signaling multi-user
scenario. In this example, both the first STA (STA1, e.g., as
a receiver device 320) and the second STA (STA2, e.g., as
a receiver device 320) may use a signal extension 350
following data portion 345 of the data unit. The transmitter
device 310, for example, may determine that STA1 can use
8 us of signal extension and may apply the 8 us of signal
extension to both STA1 and STA2. Both STA1 and STA2,
after receiving the data unit with the 8 ps of signal extension
350, can use the signal extension 350 to complete processing
of the data unit, generate and/or communicate a response for
the data unit, etc. In this case, based on the mapping table
shown in FIG. 5, both STA1 and STA2 can use a factor a=2.
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[0068] The examples in FIGS. 6 A-6C are based on a set of
general rules that may be known (e.g., configured at) and
used by both the transmitter device (e.g., the transmitter
device 310, such as an AP) and the receiver devices (e.g.,
multiple receiver devices 320, such as STAs) for multi-user
scenarios. These rules may be applied or executed at an STA
after the STA determines or computes the signal extension
duration (e.g., Ts;) and the number of data symbols (N,,).
For example, when MCS<a configured threshold (e.g., sig-
nal extension is not needed), the STA can process the data
symbol assuming that signal extension is absent from the
data unit (e.g., a=4). The configured threshold, for example,
may be receiver, bandwidth specific, and/or may be config-
ured within a memory of the receiver device 320, received
from the transmitter device 310 or other network compo-
nent, etc. When MCS>the configured threshold (e.g., signal
extension is needed), and the signal extension is not 0 s,
receiver device 320 can associate “a” to the signal extension
according to the mapping table in FIG. 5 and process the last
symbol according to “a.” When MCS>the configured thresh-
old (e.g., signal extension is needed), and the signal exten-
sion is equal to O ps, receiver device 320 can determine that
the last symbol is post-FEC padding, set N__=N_ -1, and

sym sym

set a=4 (e.g., such to process the entire last symbol).

[0069] FIG. 7 is a block diagram 700 illustrating an
example of a transmitter device 310. Transmitter device 310
may include one or more processors 703 and/or a memory
705 that may be communicatively coupled, e.g., via one or
more buses 707, and may operate in conjunction with or
otherwise implement a SE signaler 710, in accordance with
aspects described herein. For example, the various opera-
tions related to SE signaler 710, and/or its subcomponents,
may be implemented or otherwise executed by one or more
processors 703 and, in an aspect, can be executed by a single
processor, while in other aspects, different ones of the
operations may be executed by a combination of two or
more different processors. For example, in an aspect, the one
or more processors 703 may include any one or any com-
bination of a modem processor, or a baseband processor, or
a digital signal processor, or an application specific inte-
grated circuit (ASIC), or a transmit processor, receive pro-
cessor, or a transceiver processor associated with transceiver
706.

[0070] Further, for example, the memory 705 may be a
non-transitory computer-readable medium that includes, but
is not limited to, random access memory (RAM), read only
memory (ROM), programmable ROM (PROM), erasable
PROM (EPROM), electrically erasable PROM (EEPROM),
a magnetic storage device (e.g., hard disk, floppy disk,
magnetic strip), an optical disk (e.g., compact disk (CD),
digital versatile disk (DVD)), a smart card, a flash memory
device (e.g., card, stick, key drive), a register, a removable
disk, and any other suitable medium for storing software
and/or computer-readable code or instructions that may be
accessed and read by a computer or one or more processors
703. Moreover, memory 705 or computer-readable storage
medium may be resident in the one or more processors 703,
external to the one or more processors 703, distributed
across multiple entities including the one or more processors
703, etc.

[0071] It is to be appreciated that transceiver 706 may be
configured to transmit and receive wireless signals through
one or more antennas, an RF front end, one or more
transmitters, and one or more receivers. In an aspect, trans-
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ceiver 706 may be tuned to operate at specified frequencies
such that transmitter device 310 can communicate at a
certain frequency. In an aspect, the one or more processors
703 may configure transceiver 706 to operate at a specified
frequency and power level based on a configuration, a
communication protocol, etc. to communicate uplink signals
and/or downlink signals, respectively, over related uplink or
downlink communication channels.

[0072] In an aspect, transceiver 706 can operate in mul-
tiple bands (e.g., using a multiband-multimode modem, not
shown) such to process digital data sent and received using
transceiver 706. In an aspect, transceiver 706 can be mul-
tiband and be configured to support multiple frequency
bands for a specific communications protocol. In an aspect,
transceiver 706 can be configured to support multiple oper-
ating networks and communications protocols. Thus, for
example, transceiver 706 may enable transmission and/or
reception of signals based on a specified modem configu-
ration.

[0073] In an example, the SE signaler 710 may include
one or more components that can be implemented or
executed by the processor(s) 703, and/or for which the
processor(s) 703 can perform specially configured instruc-
tions. The one or more components may include an SE
duration identifier 720 configured to identify or select an SE
duration 723 (e.g., Tz) for a data unit when signal extension
is to be applied to the data unit. The SE duration 723 may
be identified or selected from a set of possible SE durations
722. The set of possible SE durations 722 may include at
least three possible SE durations (e.g., at least four possible
SE durations, at least five possible SE durations, or other SE
durations). In one example, the set of possible SE durations
722 includes a set of five possible SE durations of O us, 4 s,
8 us, 12 ps, and 16 ps. In this example, the set of five
possible SE durations may include a first subset having SE
durations of'4 ps, 8 us, and 12 ps, and a second subset having
SE durations of 12 us and 16 ps.

[0074] The SE signaler 710 may include a signaling bit
setter 725 configured to set a value of a signaling bit 735
(e.g., single signaling bit 355 in FIG. 3A). The SE signaler
710 may use preamble/data information 730 to set the
signaling bit 735. The preamble/data information 730 may
include, but need not be limited to, TXTIME, T (e.g., SE
duration 723 from the SE duration identifier 720), and T,,,.

[0075] The SE signaler 710 may include a frame/data unit
modifier 745 configured to modify a data unit (e.g., data unit
330 in FIG. 3A) to add a signal extension (e.g., signal
extension 350), and/or to include the signaling bit 735 into
the data unit (e.g., in an HE-SIG-A or HE-SIG-B field or
other field(s) of one or more preambles, such as HE pre-
amble 340). In some instances, the frame/data unit modifier
745 may be used to include pre-FEC and/or post-FEC
padding in a data unit or frame, which may also include
indicating the factor (a) in the data unit (e.g., in one or more
fields of one or more preambles) to represent a ratio of useful
bits in the last symbol (which may be based on the post-FEC
padding, as described).

[0076] The SE signaler 710 may include a frame/data unit
communicator 750 configured to output a data unit modified
by the frame/data unit modifier 745, where the modified data
unit is output for transmission to a receiver device (e.g., the
receiver device 320 in FIG. 3A, which may include one or
more STAs, as described).
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[0077] The SE signaler 710 may include an SE multi-user
manager 760 configured to perform various aspects of signal
extensions techniques as they apply to multi-user scenarios.
For example, the SE multi-user manager 760 may deter-
mine, along with the SE duration identifier 720, a signal
extension to be applied commonly to the STAs in a multi-
user scenario. In this regard, the SE multi-user manager 760
may identify a maximum signal extension to be commonly
applied.

[0078] FIG. 8 is a block diagram 800 illustrating an
example of a receiver device 320. Receiver device 320 may
include one or more processors 803 and/or a memory 805
that may be communicatively coupled, e.g., via one or more
buses 807, and may operate in conjunction with or otherwise
implement a SE signaler 810, in accordance with aspects
described herein. For example, the various operations
related to SE signaler 810, and/or its subcomponents, may
be implemented or otherwise executed by one or more
processors 803 and, in an aspect, can be executed by a single
processor, while in other aspects, different ones of the
operations may be executed by a combination of two or
more different processors. For example, in an aspect, the one
or more processors 803 may include any one or any com-
bination of a modem processor, or a baseband processor, or
a digital signal processor, or an application specific inte-
grated circuit (ASIC), or a transmit processor, receive pro-
cessor, or a transceiver processor associated with transceiver
806.

[0079] Further, for example, the memory 805 may be a
non-transitory computer-readable medium that includes, but
is not limited to, random access memory (RAM), read only
memory (ROM), programmable ROM (PROM), erasable
PROM (EPROM), electrically erasable PROM (EEPROM),
a magnetic storage device (e.g., hard disk, floppy disk,
magnetic strip), an optical disk (e.g., compact disk (CD),
digital versatile disk (DVD)), a smart card, a flash memory
device (e.g., card, stick, key drive), a register, a removable
disk, and any other suitable medium for storing software
and/or computer-readable code or instructions that may be
accessed and read by a computer or one or more processors
803. Moreover, memory 805 or computer-readable storage
medium may be resident in the one or more processors 803,
external to the one or more processors 803, distributed
across multiple entities including the one or more processors
803, etc.

[0080] It is to be appreciated that transceiver 806 may be
configured to transmit and receive wireless signals through
one or more antennas, an RF front end, one or more
transmitters, and one or more receivers. In an aspect, trans-
ceiver 806 may be tuned to operate at specified frequencies
such that receiver device 320 can communicate at a certain
frequency. In an aspect, the one or more processors 803 may
configure transceiver 806 to operate at a specified frequency
and power level based on a configuration, a communication
protocol, etc. to communicate uplink signals and/or down-
link signals, respectively, over related uplink or downlink
communication channels.

[0081] In an aspect, transceiver 806 can operate in mul-
tiple bands (e.g., using a multiband-multimode modem, not
shown) such to process digital data sent and received using
transceiver 806. In an aspect, transceiver 806 can be mul-
tiband and be configured to support multiple frequency
bands for a specific communications protocol. In an aspect,
transceiver 806 can be configured to support multiple oper-
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ating networks and communications protocols. Thus, for
example, transceiver 806 may enable transmission and/or
reception of signals based on a specified modem configu-
ration.

[0082] In an example, the SE signaler 810 may include
one or more components that can be implemented or
executed by the processor(s) 803, and/or for which the
processor(s) 803 can perform specially configured instruc-
tions. The one or more components may include a frame/
data unit communicator 820 configured to receive a data unit
(e.g., the data unit 330 in FIG. 3A) from a transmitter device
(e.g., the transmitter device 310 in FIG. 3A).

[0083] The SE signaler 810 may include a signaling bit
identifier 830 configured to identify a signaling bit 835 (e.g.,
single signaling bit 355 in FIG. 3A) from the data unit
received by the frame/data unit communicator 820. The
signaling bit 835 may be identified from the data unit (e.g.,
in an HE-SIG-A or HE-SIG-B field or other field(s) of one
or more preambles, such as HE preamble 340). In another
example, the factor (a) can be determined from one or more
fields of one or more preambles as well.

[0084] The SE signaler 810 may include an SE duration
determiner 845 configured to use the signaling bit 835 (e.g.,
in conjunction with the determined factor (a) of the data
unit) to determine which SE duration 860 from a set of
possible SE durations has been selected and applied to the
data unit by the transmitter device. The SE duration deter-
miner 845 may include a data symbol determiner 855
configured to determine a number of data symbols from
which to determine the SE duration 860 (e.g., Tsz). The data
symbol determiner 855 is further configured to determine
the first number of data symbols based at least in part on
preamble/data information 850 (e.g., RXTIME, T, ozz

ampriE, Typ prpansre and Tsym).

[0085] The SE signaler 810 may include a frame/data unit
decoder 865 configured to decode the data unit received by
the frame/data unit communicator 820 based at least in part
on the SE duration 860 (e.g., Tz) determined by the SE
duration determiner 845. The frame/data unit decoder 865
may include or have access to a mapping table such as the
mapping table in FIG. 5, and may use the information in the
mapping table to determine which portions of the data unit
to decode. Moreover, the frame/data unit decoder 865 may
be configured to perform, for example, low-density parity-
check (LDPC) decoding.

[0086] The various elements, components, or modules
described above with respect to the transmitter device 310 in
FIG. 7 and the receiver device 320 in FIG. 8 may be
implemented in hardware, software, or a combination of
hardware and software. For example, at least a portion of the
functionality of each of the various elements, components,
or modules described above with respect to the transmitter
device 310 in FIG. 7 and the receiver device 320 in FIG. 8
can be implemented or performed by a processor (see e.g.,
processor 1304 in FIG. 13) in connection with instructions
or code stored in and/or provided by a computer readable
medium or memory (see e.g., computer-readable medium
1306 in FIG. 13). The instructions or code may be pro-
grammed to implement the methods shown in FIGS. 9-12
and described herein, such as through use of the equations
and functionality for signal extension signaling in single
user and multi-user scenarios. Moreover, values, parameters,
and/or different types of information handled by the trans-
mitter device 310 in FIG. 7 and the receiver device 320 in
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FIG. 8 may be stored in local memory to the elements,
components, or modules of the transmitter device 310 and
the receiver device 320, and/or in other memory such as the
computer-readable medium 1306 in FIG. 13.

[0087] FIG. 9 is a flow diagram illustrating an example of
a method 900 for signal extension signaling by a transmitter
device (e.g., the transmitter device 310 in FIGS. 3A and 7).
At 910, a signal extension duration for a data unit is
identified from a set of at least three possible SE durations
(e.g., four possible SE durations, five possible SE durations,
etc.). In an example, the SE duration identifier 720 in the SE
signaler 710 (FIG. 7), e.g., in conjunction with processor(s)
703, memory 705, transceiver 706, etc., may identify an SE
duration 723 from a set of possible SE durations 722.
[0088] At 915, a single signaling bit in the data unit may
be used to indicate the identified SE duration from the set of
at least three possible SE durations to a receiver of the data
unit. In an example, the signaling bit setter 725 in the SE
signaler 710 (FIG. 7), e.g., in conjunction with processor(s)
703, memory 705, transceiver 706, etc., may be used to a
single signaling bit or SE disambiguation bit (e.g., the
signaling bit 735) to indicate the SE duration 723 identified
by the SE duration identifier 720. The signaling bit setter 725
may perform or execute one or more of Equations 1, 2, 3,
and 4, for example, to determine a value for the signaling bit
735. In addition, as described, the signaling bit 735 may be
set in a portion of the data unit, such as in one or more fields
of a preamble.

[0089] At 920, the data unit is output for transmission to
the receiver. In an example, the frame/data unit communi-
cator 750 in the SE signaler 710 (FIG. 7), e.g., in conjunction
with processor(s) 703, memory 705, transceiver 706, etc.,
can output a data unit modified by the frame/data unit
modifier 745 to include a signal extension added to the end
of the data unit and the single signaling bit that indicates the
signal extension.

[0090] In another aspect of the method 900, the set of at
least three possible SE durations includes only five possible
SE durations, and the set of five possible SE durations
includes durations of 0 ps, 4 ps, 8 us, 12 ps, and 16 ps.
[0091] In another aspect of the method 900, the single
signaling bit is included in an HE-SIG-A or HE-SIG-B field
of'a high efficiency preamble (e.g., preamble 340) associated
with the data unit (e.g., data unit 330).

[0092] FIG. 10 is a flow diagram illustrating an example
of'a method 1000 for signal extension signaling by a receiver
device (e.g., the receiver device 320 in FIGS. 3A and 8). At
1010, a data unit is received from a transmitter device. In an
example, the frame/data unit communicator 820 in the SE
signaler 810, e.g., in conjunction with processor(s) 803,
memory 805, transceiver 806, etc., receives a data unit from
a transmitter device (e.g., the transmitter device 310 in
FIGS. 3A and 7).

[0093] At 1015, a single signaling bit is identified in the
data unit and is used to indicate a signal extension duration
for the data unit. In an example, the signaling bit identifier
830 in the SE signaler 810 (FIG. 8), e.g., in conjunction with
processor(s) 803, memory 805, transceiver 806, etc., iden-
tifies the signaling bit 835 from a data unit received by the
frame/data unit communicator 820.

[0094] At 1020, the single signaling bit is used to deter-
mine which SE duration from a set of at least three possible
SE durations (e.g., five possible SE durations) has been
selected for the data unit. In one example, the SE duration
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determiner 845 in the SE signaler 810 (FIG. 8), e.g., in
conjunction with processor(s) 803, memory 805, transceiver
806, etc., determines the SE duration 860 based at least in
part on the signaling bit 835 identified by the signaling bit
identifier 830. For example, SE duration determiner 845
may determine the SE duration 860 based also in part on a
received or otherwise determined factor (a), as described.
The SE duration determiner 845 may perform or execute one
or more of Equations 5, 6, and 7, in an example, to determine
the SE duration 860.

[0095] In another aspect of the method 1000, the set of at
least three possible SE durations includes only five possible
SE durations, and the set of five possible SE durations
includes durations of O us, 4 us, 8 us, 12 ps, and 16 ps.
[0096] In another aspect of the method 1000, the single
signaling bit is included in an HE-SIG-A or HE-SIG-B field
of a high efficiency preamble (e.g., high efficiency preamble
340) associated with the data unit (e.g., data unit 330).
[0097] FIG. 11 is a flow diagram illustrating an example of
a method 1100 for signal extension signaling by a transmit-
ter device (e.g., the transmitter device 310 in FIGS. 3A and
7). At 1110, for a plurality of data units each corresponding
to a different wireless station, a signal extension duration is
identified from a set of at least three possible signal exten-
sion durations (e.g., five possible signal extension dura-
tions). In one example, the SE duration identifier 720 and/or
the SE multi-user manager 760, e.g., in conjunction with
processor(s) 703, memory 705, transceiver 706, etc., may be
used to identify the signal extension durations.

[0098] At 1115, a maximum signal extension duration is
determined from the signal extension durations identified for
the plurality of data units. In one example, the SE duration
identifier 720 and/or the SE multi-user manager 760, e.g., in
conjunction with processor(s) 703, memory 705, transceiver
706, etc., may be used to determine the maximum signal
extension duration.

[0099] At 1120, the maximum signal extension duration
may be applied to each of the plurality of data units. In one
example, the frame/data unit modifier 745 and/or the SE
multi-user manager 760, e.g., in conjunction with processor
(s) 703, memory 705, transceiver 706, etc., may be used to
apply the maximum signal extension commonly to the
plurality of data units.

[0100] At 1125, the plurality of data units may be output
for transmission to a receiver (e.g., the receiver device 320).
In one example, the frame/data unit communicator 750, e.g.,
in conjunction with processor(s) 703, memory 705, trans-
ceiver 706, etc., may be used to output the plurality of data
units with the appropriate signal extension.

[0101] FIG. 12 is a flow diagram illustrating another
example of a method 1200 for signal extension signaling by
a receiver device (e.g., the receiver device 320 in FIGS. 3A
and 8). At 1210, a data unit is received from a transmitter
device (e.g., the transmitter device 310). In one example, the
frame/data unit communicator 820, e.g., in conjunction with
processor(s) 803, memory 805, transceiver 806, etc., may be
used to receive the data unit (e.g., the data unit 330).
[0102] At 1215, it is determined which signal extension
from a set of three possible signal extension durations (e.g.,
five possible signal extension durations) has been selected
for the data unit. In one example, the SE duration determiner
845, e.g., in conjunction with processor(s) 803, memory
805, transceiver 806, etc., may be used to determine the
signal extension duration (e.g., SE duration 860).
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[0103] At 1220, a decoding boundary is identified for the
data unit based at least in part on the signal extension
duration. In one example, the SE multi-user manager 870
and/or the frame/data unit decoder 865, e.g., in conjunction
with processor(s) 803, memory 805, transceiver 806, etc.,
may be used to identify the decoding boundary.

[0104] At 1225, the data unit may be decoded in accor-
dance with the identified decoding boundary. In one
example, the frame/data unit decoder 865, e.g., in conjunc-
tion with processor(s) 803, memory 805, transceiver 806,
etc., may be used to decode the data unit in accordance with
the decoding boundary.

[0105] FIG. 13 shows a block diagram 1300 illustrating an
example of a processing system 1314 that supports signal
extension signaling operations. The processing system 1314
may be implemented with a bus architecture, represented
generally by the bus 1302. The bus 1302 may include any
number of interconnecting buses and bridges depending on
the specific application of the processing system 1314 and
the overall design constraints. The bus 1302 links together
various circuits including one or more processors and/or
hardware modules, represented by a processor 1304, an SE
signaler 710/810, and a computer-readable medium/memory
1306. The bus 1302 may also link various other circuits such
as timing sources, peripherals, voltage regulators, and power
management circuits, which are well known in the art, and
therefore, will not be described any further.

[0106] The processing system 1314 may be coupled to a
transceiver 1310 via an interface 1308. The transceiver 1310
is coupled to one or more antennas 1320. The transceiver
1310 may provide a means for communicating with various
other apparatus or devices over a transmission medium. The
transceiver 1310 may receive a signal from the one or more
antennas 1320, may extract information from the received
signal, and may provide the extracted information to the
processing system 1314, specifically the processor 1304
and/or the SE signaler 710/810. In addition, the transceiver
1310 may receive information from the processing system
1314 and/or the SE signaler 710/810, and based on the
received information, may generate a signal to be applied to
the one or more antennas 1320. The processing system 1314
includes the processor 1304 coupled to the computer-read-
able medium/memory 1306, and/or to the SE signaler 710/
810, which may be the SE signaler 710 (FIG. 7) when the
processing system 1314 is part of a transmitter device and/or
the SE signaler 810 (FIG. 8) when the processing system
1314 is part of a receiver device. The processor 1304 is
responsible for general processing, including the execution
of software stored on the computer-readable medium/
memory 1306. The software, when executed by the proces-
sor 1004, causes the processing system 1314 to perform the
various functions described in the disclosure for signal
extension signaling. The computer-readable medium/
memory 1306 may also be used for storing data that is
manipulated by the processor 1304 when executing soft-
ware. The SE signaler 710/810 may be a software module
running in the processor 1304, resident/stored in the com-
puter readable medium/memory 1306, a hardware module
coupled to the processor 1004, or some combination thereof.
In some instances, the processor 1304 and the computer
readable medium/memory 1306 may be used to perform
functions, operations, or features described herein with
respect to one or more of the components of the SE signaler
710 (FIG. 7) or the SE signaler 810 (FIG. 8).
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[0107] For example, SE signaler 710, and/or one or more
subcomponents (e.g., SE duration identifier 720, signaling
bit setter 725, frame/data unit modifier 745, frame/data unit
communicator 750, SE multi-user manager 760, etc.) may
include hardware (e.g., one or more processor modules of
the one or more processors 1304) and/or computer-readable
code or instructions stored in computer-readable medium/
memory 1306 and executable by at least one of the one or
more processors 1304 to perform the specially configured
operations described herein.

[0108] In addition, for example, SE signaler 810, and/or
one or more subcomponents (e.g., frame/data unit commu-
nicator 820, signaling bit identifier 830, SE duration deter-
miner 845, data symbol determiner 855, frame/data unit
decoder 865, SE multi-user manager 870, etc.) may include
hardware (e.g., one or more processor modules of the one or
more processors 1304) and/or computer-readable code or
instructions stored in computer-readable medium/memory
1306 and executable by at least one of the one or more
processors 1304 to perform the specially configured opera-
tions described herein.

[0109] In another aspect of the signal extension signaling
scenarios, because IEEE 802.11ax includes both single user
and orthogonal frequency division multiple access
(OFDMA) transmissions (e.g., multi-users), additional rules
of the application of signal extension may be implemented.
For example, when the resource allocation (RU) size for an
STA is <20 MHz, then the signal extension requirements
assigned for 20 MHz are applied. Similarly, when 20
MHz<RU size<=40 MHz, then the signal extension require-
ments assigned for 40 MHz are applied. When 40 MHz<RU
size<=80 MHz, then the signal extension requirements
assigned for 80 MHz are applied. When 80 MHz<RU
size<=160 MHz, then the signal extension requirements
assigned for 160 MHz are applied. If multiple RUs are
assigned to the same STA (e.g., 5 MHz in 20 MHz band and
10 MHz in 40 MHz band), then the total aggregate size of
all the RUs (e.g., 15 MHz) is used to determine the signal
extension requirement.

[0110] The apparatus and methods have been described in
the detailed description and illustrated in the accompanying
drawings by various elements comprising blocks, modules,
components, circuits, steps, processes, algorithms, and the
like. These elements, or any portion thereof, either alone or
in combinations with other elements and/or functions, may
be implemented using electronic hardware, computer soft-
ware, or any combination thereof. Whether such elements
are implemented as hardware or software depends upon the
particular application and design constraints imposed on the
overall system. In an aspect, the term “component” as used
herein may be one of the parts that make up a system and
may be divided into other components.

[0111] By way of example, an element, or any portion of
an element, or any combination of elements may be imple-
mented with a “processing system” that includes one or
more processors. A processor may include a general purpose
processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate
array (FPGA) or other programmable logic component,
discrete gate or transistor logic, discrete hardware compo-
nents, or any combination thereof, or any other suitable
component designed to perform the functions described
herein. A general-purpose processor may be a microproces-
sor, but in the alternative, the processor may be any con-
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ventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a com-
bination of computing components, e.g., a combination of a
DSP and a microprocessor, a plurality of microprocessors,
one or more microprocessors in conjunction with a DSP, or
any other such configuration.

[0112] One or more processors in the processing system
may execute software. Software shall be construed broadly
to mean instructions, instruction sets, code, code segments,
program code, programs, subprograms, software modules,
applications, software applications, software packages, rou-
tines, subroutines, objects, executables, threads of execu-
tion, procedures, functions, etc., whether referred to as
software, firmware, middleware, microcode, hardware
description language, or otherwise. The software may reside
on transitory or non-transitory computer-readable medium.
A non-transitory computer-readable medium may include,
by way of example, a magnetic storage device (e.g., hard
disk, floppy disk, magnetic strip), an optical disk (e.g.,
compact disk (CD), digital versatile disk (DVD)), a smart
card, a flash memory device (e.g., card, stick, key drive),
random access memory (RAM), static RAM (SRAM),
dynamic RAM (DRAM), synchronous dynamic RAM
(SDRAM); double date rate RAM (DDRAM), read only
memory (ROM), programmable ROM (PROM), erasable
PROM (EPROM), electrically erasable PROM (EEPROM),
a general register, or any other suitable non-transitory
medium for storing software.

[0113] The various interconnections within a processing
system may be shown as buses or as single signal lines. Each
of the buses may alternatively be a single signal line, and
each of the single signal lines may alternatively be buses,
and a single line or bus might represent any one or more of
a myriad of physical or logical mechanisms for communi-
cation between elements. Any of the signals provided over
various buses described herein may be time-multiplexed
with other signals and provided over one or more common
buses.

[0114] The various aspects of this disclosure are provided
to enable one of ordinary skill in the art to practice the
present invention. Various modifications to examples of
implementations presented throughout this disclosure will
be readily apparent to those skilled in the art, and the
concepts disclosed herein may be extended to other mag-
netic storage devices. Thus, the claims are not intended to be
limited to the various aspects of this disclosure, but are to be
accorded the full scope consistent with the language of the
claims. All structural and functional equivalents to the
various components of the examples of implementations
described throughout this disclosure that are known or later
come to be known to those of ordinary skill in the art are
expressly incorporated herein by reference and are intended
to be encompassed by the claims. Moreover, nothing dis-
closed herein is intended to be dedicated to the public
regardless of whether such disclosure is explicitly recited in
the claims. No claim element is to be construed under the
provisions of 35 U.S.C. §112 (f), unless the element is
expressly recited using the phrase “means for” or, in the case
of' a method claim, the element is recited using the phrase
“step for.”

What is claimed is:

1. A method for signaling in wireless communications,
comprising:
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identifying a signal extension (SE) duration for a data unit
from a set of at least three possible SE durations;

using a single signaling bit in the data unit to indicate the
identified SE duration from the set of at least three
possible SE durations to a receiver of the data unit; and

outputting the data unit for transmission to the receiver.

2. The method of claim 1, wherein the set of at least three
possible SE durations includes five possible SE durations,
and wherein the five possible SE durations includes dura-
tions of O us, 4 us, 8 us, 12 ps, and 16 ps.

3. The method of claim 1, wherein using the single
signaling bit to indicate the identified SE duration comprises
setting the single signaling bit to at least one of a first value
to indicate that the SE duration is part of a first subset of the
set of at least three possible SE durations, or a second value
to indicate that the SE duration is part of a second subset of
the set of at least three possible SE durations.

4. The method of claim 3, wherein at least one possible SE
duration value of the set of at least three possible SE
durations is included in both the first subset and the second
subset.

5. The method of claim 3, wherein the first subset includes
SE durations of 4 ps, 8 ps, and 12 ps, and wherein the second
subset includes SE durations of 12 ps and 16 ps.

6. The method of claim 1, wherein the single signaling bit
is included in an HE-SIG-A or an HE-SIG-B field of a high
efficiency preamble associated with the data unit.

7. The method of claim 1, further comprising:

identifying, for a one or more of data units each corre-

sponding to one or more different wireless stations, one
or more different SE durations from the set of at least
three possible SE durations;

determining a maximum SE duration from the identified

SE duration and the one or more different SE durations
identified for the one or more data units, wherein
identifying the SE duration for the data unit is based on
the maximum SE duration;

applying the maximum SE duration to the data unit and

the one or more data units; and

outputting the one or more data units for transmission to

one or more receivers.

8. The method of claim 7, further comprising using the
single signaling bit in each of the one or more data units to
indicate the maximum SE duration.

9. An apparatus for signaling in wireless communications,
comprising:

a memory that stores signal extension signaling instruc-

tions; and

a processor coupled with the memory and configured to

execute the signal extension signaling instructions to:

identify a signal extension (SE) duration for a data unit
from a set of at least three possible SE durations;

use a single signaling bit in the data unit to indicate the
identified SE duration from the set of at least three
possible SE durations to a receiver of the data unit;
and

output the data unit for transmission to the receiver.

10. The apparatus of claim 9, wherein the set of at least
three possible SE durations includes five possible SE dura-
tions, and wherein the five possible SE durations includes
durations of 0 ps, 4 ps, 8 us, 12 ps, and 16 ps.

11. The apparatus of claim 9, wherein the processor is
configured to execute the signal extension signaling instruc-
tions to use the single signaling bit to indicate the identified
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SE duration by setting the single signaling bit to at least one
of a first value to indicate that the SE duration is part of a
first subset of the set of at least three possible SE durations,
or a second value to indicate that the SE duration is part of
a second subset of the set of at least three possible SE
durations.

12. The apparatus of claim 11, wherein at least one
possible SE duration value of the set of at least three possible
SE durations is included in both the first subset and the
second subset.

13. The apparatus of claim 11, wherein the first subset
includes SE durations of 4 us, 8 us, and 12 us, and wherein
the second subset includes SE durations of 12 ps and 16 us.

14. The apparatus of claim 9, wherein the single signaling
bit is included in an HE-SIG-A or an HE-SIG-B field of a
high efficiency preamble associated with the data unit.

15. The apparatus of claim 9, wherein the processor is
further configured to execute the signal extension signaling
instructions to:

identify, for a one or more of data units each correspond-

ing to one or more different wireless stations, one or
more different SE durations from the set of at least three
possible SE durations;

determine a maximum SE duration from the identified SE

duration and the one or more different SE durations
identified for the one or more data units, wherein the
processor is configured to execute the signal extension
signaling instructions to identify the SE duration for the
data unit based on the maximum SE duration;

apply the maximum SE duration to the data unit and the

one or more data units; and

output the one or more data units for transmission to one

or more receivers.

16. The apparatus of claim 15, wherein the processor is
further configured to execute the signal extension signaling
instructions to use the single signaling bit in each of the one
or more data units to indicate the maximum SE duration.

17. An apparatus for signaling in wireless communica-
tions, comprising:

means for identifying a signal extension (SE) duration for

a data unit from a set of at least three possible SE
durations;

means for using a single signaling bit in the data unit to

indicate the identified SE duration from the set of at
least three possible SE durations to a receiver of the
data unit; and

means for outputting the data unit for transmission to the

receiver.

18. The apparatus of claim 17, wherein the set of at least
three possible SE durations includes five possible SE dura-
tions, and wherein the five possible SE durations includes
durations of O us, 4 us, 8 us, 12 ps, and 16 ps.

19. The apparatus of claim 17, wherein the means for
using the single signaling bit to indicate the identified SE
duration sets the single signaling bit to at least one of a first
value to indicate that the SE duration is part of a first subset
of'the set of at least three possible SE durations, or a second
value to indicate that the SE duration is part of a second
subset of the set of at least three possible SE durations.

20. The apparatus of claim 19, wherein at least one
possible SE duration value of the set of at least three possible
SE durations is included in both the first subset and the
second subset.
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21. The apparatus of claim 19, wherein the first subset
includes SE durations of 4 us, 8 ps, and 12 us, and wherein
the second subset includes SE durations of 12 ps and 16 ps.

22. The apparatus of claim 17, wherein the single signal-
ing bit is included in an HE-SIG-A or an HE-SIG-B field of
a high efficiency preamble associated with the data unit.

23. The apparatus of claim 17, further comprising:

means for identifying, for a one or more of data units each

corresponding to one or more different wireless sta-
tions, one or more different SE durations from the set
of at least three possible SE durations;

means for determining a maximum SE duration from the

identified SE duration and the one or more different SE
durations identified for the one or more data units,
wherein identifying the SE duration for the data unit is
based on the maximum SE duration;

means for applying the maximum SE duration to the data

unit and the one or more data units; and

means for outputting the one or more data units for

transmission to one or more receivers.

24. The apparatus of claim 23, further comprising means
for using the single signaling bit in each of the one or more
data units to indicate the maximum SE duration.

25. A computer-readable medium storing executable code
for signaling in wireless communications, comprising:

code for identifying a signal extension (SE) duration for

a data unit from a set of at least three possible SE
durations;

code for using a single signaling bit in the data unit to

indicate the identified SE duration from the set of at
least three possible SE durations to a receiver of the
data unit; and

code for outputting the data unit for transmission to the

receiver.

26. The computer-readable medium of claim 25, wherein
the set of at least three possible SE durations includes five
possible SE durations, and wherein the five possible SE
durations includes durations of O ps, 4 ps, 8 ps, 12 ps, and
16 ps.

27. The computer-readable medium of claim 25, wherein
the code for using the single signaling bit to indicate the
identified SE duration sets the single signaling bit to at least
one of a first value to indicate that the SE duration is part of
a first subset of the set of at least three possible SE durations,
or a second value to indicate that the SE duration is part of
a second subset of the set of at least three possible SE
durations.

28. The computer-readable medium of claim 27, wherein
at least one possible SE duration value of the set of at least
three possible SE durations is included in both the first
subset and the second subset.

29. The computer-readable medium of claim 27, wherein
the first subset includes SE durations of 4 ps, 8 us, and 12
us, and wherein the second subset includes SE durations of
12 ps and 16 ps.

30. The computer-readable medium of claim 25, wherein
the single signaling bit is included in an HE-SIG-A or an
HE-SIG-B field of a high efficiency preamble associated
with the data unit.

31. The computer-readable medium of claim 25, further
comprising:

code for identifying, for a one or more of data units each

corresponding to one or more different wireless sta-
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tions, one or more different SE durations from the set
of at least three possible SE durations;

code for determining a maximum SE duration from the

identified SE duration and the one or more different SE
durations identified for the one or more data units,
wherein identifying the SE duration for the data unit is
based on the maximum SE duration;

code for applying the maximum SE duration to the data

unit and the one or more data units; and

code for outputting the one or more data units for trans-

mission to one or more receivers.

32. The computer-readable medium of claim 31, further
comprising code for using the single signaling bit in each of
the one or more data units to indicate the maximum SE
duration.

33. A method for signaling in wireless communications,
comprising:

receiving a data unit from a transmitter device;

identifying a single signaling bit in the data unit that

indicates a signal extension (SE) duration selected for
the data unit; and

using the single signaling bit to determine which SE

duration from a set of at least three possible SE
durations has been selected for the data unit.

34. The method of claim 33, wherein using the single
signaling bit to determine the SE duration comprises:

determining a number of data symbols for the data unit

based at least in part on the single signaling bit; and
determining the SE duration based at least in part on the
number of data symbols.

35. The method of claim 33, wherein the set of at least
three possible SE durations includes five possible SE dura-
tions, and wherein the five possible SE durations includes
durations of O us, 4 us, 8 us, 12 ps, and 16 ps.

36. The method of claim 33, wherein the single signaling
bit is included in an HE-SIG-A or an HE-SIG-B field of a
high efficiency preamble associated with the data unit.

37. The method of claim 33, further comprising:

identifying a decoding boundary for the data unit based at

least in part on the SE duration; and

decoding the data unit in accordance with the identified

decoding boundary.

38. The method of claim 37, wherein identifying the
decoding boundary for the data unit comprises mapping the
SE duration to a factor indicating a portion of useful bits in
a last symbol of the data unit.

39. An apparatus for signaling in wireless communica-
tions, comprising:

a memory that stores signal extension signaling instruc-

tions; and

a processor coupled with the memory and configured to

execute the signal extension signaling instructions to:

receive a data unit from a transmitter device;

identify a single signaling bit in the data unit that
indicates a signal extension (SE) duration selected
for the data unit; and

use the single signaling bit to determine which SE
duration from a set of at least three possible SE
durations has been selected for the data unit.

40. The apparatus of claim 39, wherein the processor is
configured to execute the signal extension signaling instruc-
tions to use the single signaling bit to determine the SE
duration at least in part by:
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determining a number of data symbols for the data unit
based at least in part on the single signaling bit; and

determining the SE duration based at least in part on the
number of data symbols.

41. The apparatus of claim 39, wherein the set of at least
three possible SE durations includes five possible SE dura-
tions, and wherein the five possible SE durations includes
durations of 0 ps, 4 ps, 8 us, 12 ps, and 16 ps.

42. The apparatus of claim 39, wherein the single signal-
ing bit is included in an HE-SIG-A or an HE-SIG-B field of
a high efficiency preamble associated with the data unit.

43. The apparatus of claim 39, wherein the processor is
configured to execute the signal extension signaling instruc-
tions to:

identify a decoding boundary for the data unit based at

least in part on the SE duration; and

decode the data unit in accordance with the identified

decoding boundary.

44. The apparatus of claim 43, wherein the processor is
configured to execute the signal extension signaling instruc-
tions to identify the decoding boundary for the data unit by
mapping the SE duration to a factor indicating a portion of
useful bits in a last symbol of the data unit.

45. An apparatus for signaling in wireless communica-
tions, comprising:

means for receiving a data unit from a transmitter device;

means for identifying a single signaling bit in the data unit

that indicates a signal extension (SE) duration selected
for the data unit; and

means for using the single signaling bit to determine

which SE duration from a set of at least three possible
SE durations has been selected for the data unit.

46. The apparatus of claim 45, wherein means for using
the single signaling bit to determine the SE duration deter-
mines a number of data symbols for the data unit based at
least in part on the single signaling bit, and determines the
SE duration based at least in part on the number of data
symbols.

47. The apparatus of claim 45, wherein the set of at least
three possible SE durations includes five possible SE dura-
tions, and wherein the five possible SE durations includes
durations of 0 ps, 4 ps, 8 us, 12 ps, and 16 ps.

48. The apparatus of claim 45, wherein the single signal-
ing bit is included in an HE-SIG-A or an HE-SIG-B field of
a high efficiency preamble associated with the data unit.
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49. The apparatus of claim 45, further comprising:

means for identifying a decoding boundary for the data

unit based at least in part on the SE duration; and
means for decoding the data unit in accordance with the
identified decoding boundary.

50. The apparatus of claim 49, wherein the means for
identifying the decoding boundary for the data unit maps the
SE duration to a factor indicating a portion of useful bits in
a last symbol of the data unit.

51. A computer-readable medium storing executable code
for signaling in wireless communications, comprising:

code for receiving a data unit from a transmitter device;

code for identifying a single signaling bit in the data unit
that indicates a signal extension (SE) duration selected
for the data unit; and

code using the single signaling bit to determine which SE

duration from a set of at least three possible SE
durations has been selected for the data unit.

52. The computer-readable medium of claim 51, wherein
code for using the single signaling bit to determine the SE
duration determines a number of data symbols for the data
unit based at least in part on the single signaling bit, and
determines the SE duration based at least in part on the
number of data symbols.

53. The computer-readable medium of claim 51, wherein
the set of at least three possible SE durations includes five
possible SE durations, and wherein the five possible SE
durations includes durations of O ps, 4 ps, 8 us, 12 ps, and
16 ps.

54. The computer-readable medium of claim 51, wherein
the single signaling bit is included in an HE-SIG-A or an
HE-SIG-B field of a high efficiency preamble associated
with the data unit.

55. The computer-readable medium of claim 51, further
comprising:

code for identifying a decoding boundary for the data unit

based at least in part on the SE duration; and

code for decoding the data unit in accordance with the

identified decoding boundary.

56. The computer-readable medium of claim 55, wherein
the code for identifying the decoding boundary for the data
unit maps the SE duration to a factor indicating a portion of
useful bits in a last symbol of the data unit.
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