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TECHNIQUES FOR SIGNAL EXTENSION SIGNALING 

BACKGROUND 

The present disclosure relates generally to telecommunications, and specifically 

to techniques for signal extension signaling. 

The deployment of wireless local area networks (WLANs) in the home, the office, 

and various public facilities 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 overlapping BSSs or OBSSs. 

In order to address the desire for greater data throughput using WLANs (e.g., 

Wi-Fi networks), different approaches are being considered. For example, in the 

IEEE 802.llax 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.llac). The larger number of tones allows more data to be transmitted in the 

same bandwidth and time period. 

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 (PPDU s)) 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 accommodate for the added time consumed by 
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those receiver devices processing data units for networks with greater data 

throughput. 

SUMMARY 

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-readable medium corresponding to 

this method are also described. 

In another aspect, a method for signaling in wireless communications may 

include receiving a data unit from 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. 

In another aspect, a method for signaling in wireless communications may 

include identifying, for a plurality of data units each corresponding to a different 

wireless station, an SE duration from a set of at least three possible SE durations 

(e.g., five possible SE durations), determining a maximum SE duration from the 

SE durations identified for the plurality of data units, applying the maximum SE 

duration to each of the plurality of data units, and outputting the plurality of 

data units for transmission to the receiver. In other aspects, various apparatuses 

and/or non-transitory computer-readable medium corresponding to this method 
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are also described. 

In yet another aspect, a method for signaling in wireless communications may 

include receiving a data unit from a transmitter device, determining 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, 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. In other aspects, 

various apparatuses and/or non-transitory computer-readable medium 

corresponding to this method are also described. 

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 

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: 

FIG. 1 is a conceptual diagram illustrating an example of a wireless local area 

network (WLAN) deployment; 

FIG. 2 is a conceptual diagram illustrating an example of a signal extension 

scheme; 

FIG. 3A is a conceptual diagram illustrating an example of signal extension 

signaling from a transmitter device to a receiver device; 

FIG. 3B is a conceptual diagram illustrating an example of signal extension 
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signaling in a multi-user scenario; 

FIG. 4A is a conceptual diagram illustrating an example of a rounding error in 

signal extension signaling; 

FIG. 4B is a conceptual diagram illustrating an example of an ambiguity in signal 

extension signaling; 

FIG. 5 is a diagram illustrating an example of a mapping table; 

FIG. 6A is a conceptual diagram illustrating a first example of a signal extension 

signaling multi-user scenario; 

FIG. 6B is a conceptual diagram illustrating a second example of a signal 

extension signaling multi-user scenario; 

FIG. 6C is a conceptual diagram illustrating a third example of a signal extension 

signaling multi-user scenario; 

FIG. 7 is a block diagram illustrating an example of a signal extension signaler in 

a transmitter device; 

FIG. 8 is a block diagram illustrating an example of a signal extension signaler in 

a receiver device; 

FIG. 9 is a flow diagram illustrating an example of a method for signal extension 

signaling by a transmitter device; 

FIG. 10 is a flow diagram illustrating an example of a method for signal extension 

signaling by a receiver device; 

FIG. 11 is a flow diagram illustrating another example of a method for signal 

extension signaling by a transmitter device; 

FIG. 12 is a flow diagram illustrating another example of a method for signal 

extension signaling by a receiver device; and 

FIG. 13 is a block diagram illustrating an example of a processing system that 

supports signal extension signaling operations. 

4 
030284.10200 

7



[0028] 

[0029] 

[0030] 

Qualcomm Ref. No. 153742P2 

DETAILED DESCRIPTION 

Various concepts will be described more fully hereinafter with reference to the 

accompanying drawings. These concepts may, however, be embodied in many 

different 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. However, 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. 

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 WLANs networks, the IEEE 802.llax Wi-Fi 

standard uses a number of tones that is four (4) times the number of tones used in 

the legacy IEEE 802.llac 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 802.1 lax in the 

same amount of time as it would have under the legacy IEEE 802.1 lac. 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.llax of a short interframe space 

(SIFS) duration, or 16 microseconds (µs), even though it now has to process four 

times the number of tones. 

To alleviate this additional processing complexity on the receiver device, signal 

extension (SE) schemes are generally being considered. The term "signal 
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extension" may be used interchangeably with the term "frame extension" (or FE), 

however, the former will be used throughout this disclosure. Signal extension 

may refer to the extension of a duration of a data unit 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 and provide a response to an extended data unit within 

a SIPS duration (e.g., 16 microseconds (µs)) in IEEE 802.llax. In other words, the 

receiver device now has the duration of the signal extension in addition to the 

SIPS duration to perform the data unit processing and the generation of an 

appropriate response. 

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 whether a modulation and coding scheme (MCS) exceeds a 

predetermined threshold and/or on a portion of useful bits in the last symbol of 

the data unit. Once it is determined 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, the transmitter device (e.g., an AP) needs to 

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 needs to signal 

extension information to multiple receiver devices. 

Some proposed signaling schemes for signal extension rely on a number of bits 

that provides enough resolution for the receiver device to figure out the exact 

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 
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values) to clearly identify and signal to a receiver device which one of the five 

possible signal extension durations has been selected at the transmitter 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. 

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 uniquely 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 preamble in many 

cases is transmitted using the lowest MCS, with code rate of ½, using 

convolutional code, and using binary phase shift keying (BPSK) modulation. 

Moreover, in at least some implementations, multiple-input multiple-output 

(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 microseconds 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 
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signal extension signaling is applicable for both single user and multi-user 

scenarios. 

FIG. 1 is a conceptual diagram 100 illustrating an example of a wireless local area 

network (WLAN) deployment 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: APl 105-a in basic 

service set 1 (BSSl) and AP2 105-b in BSS2, which may referred to as an OBSS. 

APl 105-a is shown having at least three associated ST As (ST Al 115-a, STA2 115-

b, and STA3 115-c) and coverage area 110-a, while AP2 105-b is shown having at 

least two associated STAs (STA2 115-b and STA4 115-d) and coverage area 110-b. 

In the example of FIG. 1, the coverage area of APl 105-a overlaps part of the 

coverage area of AP2 105-b such that STA2 115-b is within the overlapping 

portion of the coverage areas. The number of BSSs, APs, and ST As, and the 

coverage areas of the APs described in connection with the WLAN 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. 

The APs (e.g., APl 105-a and AP2 105-b) shown in FIG. 1 are generally fixed 

terminals that provide backhaul services to ST As within its coverage area or 

region. In some applications, however, the AP may be a mobile or non-fixed 

terminal. The STAs (e.g., STAl 115-a, STA2 115-b, STA3 115-c, 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 computer, a desktop computer, a personal digital assistant 

(PDA), a personal communication system (PCS) device, a personal information 
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manager (PIM), personal navigation device (PND), a global positioning system, a 

multimedia device, a video device, an audio device, a device for the Intemet-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. 

Each of STAl 115-a, STA2 115-b, STA3 115-c, 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 desirable for 

establishing or supporting a connection to a network. 

Each of APl 105-a and AP2 105-b 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 ST As and receive frames 

from their respective STAs to communicate data and/or control information (e.g., 

signaling). 
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Each of APl 105-a and AP2 105-b 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 then associate itself with the AP. Once associated, a 

communications 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 communications channel. 

While aspects for performing signal extension signaling are described in 

connection with a WLAN deployment 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, WLANs, personal area networks (P AN)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. 

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 

processing burden that comes when a receiver device has to process a greater 

number of tones in IEEE 802.1 lax compared to the number of tones in legacy 

IEEE 802.llac operations. The signal extension is implemented by, for example, 

adding or applying a waveform 230 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 
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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 are, respectively: 0 

µs, 4 µs, 8 µs, 12 µs, and 16 µs. 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 is different from the MAC/PHY padding applied as part of the encoding 

process. Moreover, the signal extension added to a data unit is also 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. 

In the bottom data unit shown in FIG. 2, a receiver device will now have as much 

as 32 µs (e.g., 16 µs from signal extension and 16 µs from SIPS) to complete the 

processing of a received data unit and to generate 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. llax-compatible receiver devices. 

As noted above, once it is determined 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 needs to signal the 

signal extension information to the receiver device (or receiver devices) for the 

receiver device to know how when to stop decoding the received data unit. 

FIG. 3A is 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 on the WLAN deployment of FIG. 1, the transmitter device 310 can be APl 

105-a and the receiver device 320 can be the ST Al 115-a. In this example, the APl 

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 APl 105-a 
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then signals (e.g., using a communications link 125) the signal extension to the 

STAl 115-a using the single-bit signaling scheme described herein. The STAl 

115-a may then decode the data unit by first identifying the signal extension 

applied from the signaling provided by the APl 105-a. 

The data unit 330 is shown to generally include a legacy preamble 335, a high 

efficiency (HE) preamble 340, which typically includes the single signaling bit 335 

used for the single-bit signaling scheme, data portion 345, and signal extension 

350. 

In another example on the WLAN deployment of FIG. 1, the transmitter device 

310 can be the ST Al 115-a 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 ST Al 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 STAl 115-a then signals (e.g., using a device-to-device 

communications link 127) the signal extension to the STA3 115-c using the single­

bit signaling scheme described herein. The STA3 115-c may then decode the data 

unit by first identifying the signal extension applied from the signaling provided 

by the ST Al 115-a. 

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 APl 105-a and there is more than one 

receiver device 320, which can be the STAl 115-a, STA2 115-b, and STA3 1115-c. 

In this example, the APl 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 APl 105-a then signals (e.g., using a 

communications link 125) the signal extension to ST Al 115-a, STA2 115-b, and 
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STA3 115-c using the single-bit signaling scheme described herein. The STAl 

115-a, ST A2 115-b, 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 APl 105-a. 

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 corresponds to the IEEE 802.llax medium access control (MAC) padding. 

This aligns with all four possible predefined boundaries 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 is only 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, then 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 frame. The duration of the signal 

extension, as well as the number of data symbols (Nsym) in a data unit, may be 

signaled by a transmitter device to a receiver device by only using a single 

signaling bit as described below. As described herein, the use of only 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 are indicated by a combination of 
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the Length field (L_LENGTH) transmitted through the legacy signal (L-SIG) field 

and the single signaling bit together. 

FIG. 4A is a conceptual diagram 400 illustrating an example of a rounding error 

in signal extension signaling. In IEEE 802. llax, the Length field (L_LENGTH) 

transmitted through the legacy signal (L-SIG) field in the legacy preamble can be 

used to indicated both the data unit (e.g., data unit 330) duration (TXTIME) and 

the signal extension. In most cases, the number of symbols for the data unit can 

be computed from the following expression (Equation 1): 

where Tsym (data symbol duration) and the preamble_duration are known at the 

receiver. Equation 1 above uses a flooring function to obtain Nsym. In an 

example, if a number is 3.4, the flooring function rounds the number down to 3. 

The signal extension duration can be computed once the number of data symbols 

is known. 

When signal extension is applied to the end of the data unit, as illustrated in FIG. 

4A, there may be a rounding error "/J." caused by L_LENGTH 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, 0 µs, 4 µs, 8 µs, 12 µs, and 16 µs. When the 

signal extension duration (TsE) is 12 µs or 16 µs, an ambiguity may occur in the 

computation of the number of data symbols, Nsym. Because of the rounding 
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error "/J." caused by L_LENGTH quantization, an ambiguity as to the signal 

extension duration occurs when TSE + /J. > 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 needed to resolve Nsym and TsE in all 

cases. In one example, by setting the value of the SE disambiguation bit to "0", 

the bit may be used to indicate whether the TSE is part of a first subset of 

durations, and by setting the value of the SE disambiguation bit to "l", the bit 

may be used to indicate whether the TSE 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, Nsym, is to be reduced by one (1) 

because of the ambiguity. 

In order to determine, signal, and use the SE disambiguation bit ( or single 

signaling bit), the following approach may be used. 

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., APl 105-a or STAl 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_LENGTH) of the legacy signal (L-SIG) field 

of the legacy preamble 335. The duration of the data unit 330, in number of 

bytes, is determined by the following expression (Equation 2): 

where TXTIME = TL_PREAMBLE + THE_PREAMBLE + TDATA + TSE. TL_PREAMBLE is the 

duration of the legacy preamble 335 of the data unit 330 and includes a legacy 
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short training field (L-STF), a legacy long training field (L-LTF), and L-SIG. 

THE_PREAMBLE is the duration of the high efficiency (HE) or IEEE 802.llax 

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 above has been added in 

IEEE 802.llax to ensure that LLENGTH is not exactly a multiple of 3 and is 

therefore used to distinguish between IEEE 802.llax and IEEE 802.llac 

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. The value of TDATA 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 expression (Equation 3): 

where Nsym is the number of data symbols, T sym is the duration of a data symbol, 

and Tcr is the guard time of a data symbol, which can take the values of 0.8 µs, 

1.6 µs, or 3.2 µs. As such, the data symbol duration can be 13.6 µs (12.8 µs + 0.8 

µs), 14.4 µs (12.8 µs + 1.6 µs), or 16 µs (12.8 µs + 3.2 µs). Finally, TSE is the duration 

of the of the signal extension 350 and can take the values within a set of signal 

extension durations that include, for example, 0 µs, 4 µs, 8 µs, 12 µs, and 16 µs. 

In IEEE 802.llac, the reason that the transmitter device 310 provides LLENGTH and 

TXTIME is for the receiver device 320 to know the number of data symbols 

(Nsym) that need to be decoded. In IEEE 802.llax, for the receiver device 320 to 

know the number of data symbols (Nsym) to be decoded, the transmitter device 
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310 may provide L_LENGTH, TXTIME, and TSE. 

The transmitter device 310 may be configured to communicate the duration of 

the signal extension 350 (e.g., TsE) to the receiver device 320 by only using a single 

signaling bit 355 (e.g., the SE disambiguation bit) in the HE-SIG-A or HE-SIG-B 

field of the high efficiency preamble 340. This approach is valid for both single 

user and multi-user cases. Alternatively, the single signaling bit 355 may be 

included in another location of the data unit 330. By using only one signaling bit, 

it is possible to convey to the receiver device 320 that signal extension is either 

present or absent (e.g., signal extension duration of 0 µs). If present, it may be 

possible to indicate with a single signaling bit whether the signal extension takes 

values in a first subset of the set of signal extension durations (e.g., 4 µs, 8 µs, and 

12 µs), or takes values in a second subset of the set of signal extension durations 

(e.g., 12 µsand 16 µs). Based on the single signaling bit (e.g., the only bit devoted 

to signal extension signaling), and other information 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 portion 350 of the 

data unit 330. 

The transmitter 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 SE disambiguation bit is 

set to "l," else it is set to "0." 

{
{l"TJCTU!lfB '"" 201 ltT}CffA1E «<+ 20\)· 

Tis'P + 4 X i - . • ~-
1
1 · ?. T,,v~H ., ... , x_ . \ >\), l. l ... ,,,, ,,, 

•,• ~~ 

l l 
'"""""""""""""""""""""""""""""""""""·("""""""""""""""""""""""""""""""""'"' 

Computes rounding error D. 

17 
030284.10200 

20



[0055] 

[0056] 

[0057] 

Qualcomm Ref. No. 153742P2 

The condition for setting the SE disambiguation bit is to be added to IEEE 

802.llax. Note, however, that the expression 
•"f'")fTi f•.-f i;· --·2(} 

.~ is needed to compute 

L_LENGTH for L-SIG in IEEE 802. llax and is already available to the transmitter. 

It is to be understood that these bit values are 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 preamble 340 of the data unit 330, and may send 

or transmit the data unit 330 to the receiver device 320 for decoding. 

The time duration of the data unit 330 is determined by the receiver device 320 

based on the duration of the data unit 330 in number of bytes (L_LENGTH). That is, 

at the receiver device 320, the duration RXTIME of the data unit 330 is computed 

from L_LENGTH in the L-SIG as follows (Equation 5): 

Once the RXTIME is known, the number of data symbols, Nsym, is computed or 

determined by the receiver device 320 using the following expression (Equation 

6): 

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 noted above, the SE 
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disambiguation bit is introduced into IEEE 802.1 lax to resolve the ambiguities in 

the Nsym and TsE computation. As Equation 6 above illustrates, when SE 

disambiguation bit = 1, the number of data symbols according to the IEEE 

802.llax computation is reduced by one (1). 

After the value of Nsym is obtained, the duration of the signal extension 350 (e.g., 

TsE) applied to the data unit 330 is determined or computed by the receiver 

device 320 based on the following expression (Equation 7): 

Once TSE is known by the receiver device 320, the data unit 330 can be decoded 

because the receiver device 320 knows precisely where it needs to stop the 

decoding. 

An example of the calculations described above is provided next. Consider a 

packet transmission in 80 MHz bandwidth with the following parameters: single 

stream (lss), MCS7: 64QAM with 5/6 code rate, LDPC code, GI = 0.8µs such that 

Tsym = 12.8 + 0.8 = 13.6µs, 2xLTF, packet size = 12640 bytes, TL_PREAMBLE = 20 µs, 

THE_PREAMBLE = 24 µs, 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 (e.g., STA) indicates that signal extension is needed 

for MCS7, lss, 80 MHz, then TsE = 12 µs. 

At the transmitter device (e.g., AP), the following calculations are performed in 

accordance with Equation 2: 
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Considering the condition outlined above in Equation 4 to set the signaling bit: 

,·p 

J s:.:·~n-r •Co•/,, f 

Since the condition is TRUE, then the SE disambiguation bit or single signaling 

bit is set to a value of "1." 

At the receiver device (e.g., STA), the following calculations are performed in 

accordance with Equations 5 and 6: 

The signal extension duration (TsE) can be calculated at the receiver device in 

accordance with Equation 7 as follows: 
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This last calculation shows that the 12 µs of signal extension duration (TsE) 

applied by the transmitter device (from a total of at least five different possible 

signal extension durations) can be identified at the receiver device based on a 

single signaling bit provided by the transmitter device. 

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 

signaling techniques for multi-user scenarios are similar. As described above, 

there is a two step procedure to provide pre-FEC and post-FEC padding to a data 

unit. The pre-FEC padding is generally treated like data for decoding purposes, 

while post-FEC padding is generally 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 ST As under consideration in the multi-user scenario is greater than its 

respective threshold. That is, only one STA need to meet this condition for the 

transmitter device 310 to 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 is based on the respective 

amount of post-FEC padding that is applied. The transmitter device 310 may 

identify or determine the maximum signal extension (e.g., the one with the 
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longest duration) from those needed by the STAs and apply that maximum 

signal extension to all of the ST As. That is, the transmitter device 310 may apply 

a common signal extension. 

The signal extension indication for multi-user scenarios is also similar to the 

single user case. For example, the transmitter device 310 (e.g., APl 105-a in FIG. 

1) indicates the signal extension applied through the L-SIG length indication and 

the SE disambiguation bits (e.g., single signaling bit 355). Each STA then uses 

this information to independently determine the duration of the signal extension 

that was applied. 

There may be different signal extension examples when there is more than one 

STA. 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 of a data 

unit. FIG. 5 is a diagram 500 illustrating an example of a table for mapping 

signal extension durations (e.g., 4 µs, 8 µs, 12 µs, and 16 µs) to values of factor "a" 

(e.g., 1, 2, 3, and 4), which represent a ratio of useful bits in the last symbol. 

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 (STAl) 

does not need any signal extension but the second STA (STA2) does need signal 

extension. The transmitter device 310, for example, may determine that STA2 

needs 4µs of signal extension based on the amount of post-FEC padding. In that 

case, the transmitter device 310 applies the 4µs of signal extension to both STAl 

and STA2. STAl, after receiving the data unit with the 4µs of signal extension, 

simply ignores 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 4µs of signal extension, uses the signal extension 

to complete processing of the data unit. 

FIG. 6B is a conceptual diagram 610 illustrating a second example of a signal 
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extension signaling multi-user scenario. In this example, the first STA (STAl) 

does not need any signal extension but the second STA (STA2) does need signal 

extension. The transmitter device 310, for example, may determine that the 

amount of post-FEC padding for STA2 is 16µs. In that case, the transmitter 

device 310 does not apply signal extension to STAl and STA2 because STAl does 

not need it and STA2 can use the 16µs of post-FEC padding to complete receiver 

processing. 

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 

(STAl) and the second STA (STA2) need signal extension. The transmitter device 

310, for example, may determine that the needs for ST Al are 8µs of signal 

extension and may apply the 8µs of signal extension to both ST Al and STA2. 

Both STAl and STA2, after receiving the data unit with the 8µs of signal 

extension, use the signal extension to complete processing of the data unit. In 

this case, based on the mapping table shown in FIG. 5, both ST Al and ST A2 use a 

factor a=2. 

The examples in FIGs. 6A-6C are based on a set of general rules that may be 

known and used by both the transmitter device (e.g., the transmitter device 310) 

and the STAs (e.g., multiple receiver devices 320) 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., TsE) and the number of data 

symbols (Nsym). For example, when MCS < predetermined threshold (e.g., signal 

extension is not needed), the STA is to process the data symbol assuming that 

signal extension is absent from the data unit (a=4). The predetermined threshold 

may be receiver, bandwidth specific. When MCS > predetermined threshold 

(e.g., signal extension is needed), and the signal extension is not 0µs, map "a" to 

the signal extension according to the mapping table in FIG. 5 and process the last 
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symbol according to "a." When MCS > predetermined threshold (e.g., signal 

extension is needed), and the signal extension is equal to 0µs, assume that the last 

symbol is post-FEC padding, set Nsym = Nsym - 1, and set a=4 (process the entire 

last symbol). 

FIG. 7 is a block diagram 700 illustrating an example of an SE signaler 710 in the 

transmitter device 310. The SE signaler 710 may include an SE duration identifier 

720 configured to identify or select an SE duration 723 (e.g., TsE) 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 0 µs, 4 µs, 8 µs, 12 µs, and 16 µs. In this example, the 

set of five possible SE durations may include a first subset having SE durations of 

4 µs, 8 µs, and 12 µs, and a second subset having SE durations of 12 µsand 16 µs. 

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, TSE (e.g., SE duration 723 from the SE duration identifier 720), and Tsym. 

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 to include the signaling bit 735 into an HE-SIG-A or 

HE-SIG-B field of the data unit. 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. 

The SE signaler 710 may include a frame/data unit communicator 750 configured 
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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). 

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 determine, 

along with the SE duration identifier 720, a signal extension to be applied 

commonly to the ST As in a multi-user scenario. In this regard, the SE multi-user 

manager 760 may identify a maximum signal extension to be commonly applied. 

FIG. 8 is a block diagram 800 illustrating an example of an SE signaler 810 in the 

receiver device 320. The SE signaler 810 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). 

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 an HE-SIG-A or HE-SIG-B field. 

The SE signaler 810 may include an SE duration determiner 845 configured to use 

the signaling bit 835 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 determiner 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., TsE). 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, TL_PREAMBLE, THE_PREAMBLE, and 

Tsym). 

The SE signaler 810 may include a frame/data unit decoder 865 configured to 
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decode the data unit received by the frame/data unit communicator 820 based at 

least in part on the SE duration 860 (e.g., TsE) 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. 

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 programmed 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 transmitter device 310 in FIG. 7 and the receiver device 320 in 

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. 

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 
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from a set of at least three possible SE durations (e.g., five possible SE durations). 

In an example, the SE duration identifier 720 in the SE signaler 710 (FIG. 7) may 

identify an SE duration 723 from a set of possible SE durations 722. 

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) 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. 

At 920, the data unit is output for transmission to the receiver. In an example, the 

frame/data unit communicator 750 in the SE signaler 710 (FIG. 7) outputs 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. 

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 µs, 4 µs, 8 µs, 12 µs, and 16 µs. 

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). 

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 receives a data unit 

from a transmitter device (e.g., the transmitter device 310 in FIGS. 3A and 7). 

At 1015, a single signaling bit is identified in the data unit and is used to indicate 
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a signal extension duration for the data unit. In an example, the signaling bit 

identifier 830 in the SE signaler 810 (FIG. 8) identifies the signaling bit 835 from a 

data unit received by the frame/data unit communicator 820. 

At 1020, the single signaling bit is used 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 one example, the SE duration determiner 845 

in the SE signaler 810 (FIG. 8) determines the SE duration 860 based at least in 

part on the signaling bit 835 identified by the signaling bit identifier 830. The SE 

duration determiner 845 may perform or execute one or more of Equations 5, 6, 

and 7. 

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 0 µs, 4 µs, 8 µs, 12 µs, and 16 µs. 

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). 

FIG. 11 is a flow diagram illustrating an example of a method 1100 for signal 

extension signaling by a transmitter 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 extension durations (e.g., five possible signal extension 

durations). In one example, the SE duration identifier 720 and/or the SE multi­

user manager 760 may be used to identify the signal extension durations. 

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 may be used to 

determine the maximum signal extension duration. 
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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 may be used to apply the maximum signal 

extension commonly to the plurality of data units. 

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 may be used to output the plurality of data units with the appropriate signal 

extension. 

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 may be used to receive the data unit (e.g., the data unit 330). 

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 

may be used to determine the signal extension duration (e.g., SE duration 860). 

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 may be used to identify the decoding 

boundary. 

At 1225, the data unit may be decoded in accordance with the identified 

decoding boundary. In one example, the frame/data unit decoder 865 may be 

used to decode the data unit in accordance with the decoding boundary. 

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 
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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. 

[00100] 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-readable 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 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 processor 

1004, causes the processing system 1314 to perform the various functions 

described in the disclosure for signal extension signaling. The computer-readable 
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medium/ memory 1306 may also be used for storing data that is manipulated by 

the processor 1304 when executing software. The SE signaler 710/810 may be a 

software module running in the processor 1304, resident/stored in the computer 

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). 

[00101] In another aspect of the signal extension signaling scenarios, because IEEE 

802.1 lax 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 requirements 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. 

[00102] 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 software, or any combination thereof. Whether such elements are 
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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. 

[00103] By way of example, an element, or any portion of an element, or any combination 

of elements may be implemented 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 components, or any 

combination thereof, or any other suitable component designed to perform the 

functions described herein. A general-purpose processor may be a 

microprocessor, but in the alternative, the processor may be any conventional 

processor, controller, microcontroller, or state machine. A processor may also be 

implemented as a combination 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. 

[00104] 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, routines, subroutines, 

objects, executables, threads of execution, 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 
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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. 

[00105] 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 communication 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. 

[0100] 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 magnetic 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 disclosed 

herein is intended to be dedicated to the public regardless of whether such 

disclosure is explicitly recited in the claims. No claim element is to be construed 

under the provisions of 35 U.S.C. §112 (f), unless the element is expressly recited 
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using the phrase "means for" or, in the case of a method claim, the element is 

recited using the phrase "step for." 
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WHAT IS CLAIMED IS: 

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

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 set of five possible SE 

durations includes durations of O µs, 4 µs, 8 µs, 12 µs, and 16 µs. 

3. The method of claim 1, wherein using a single signaling bit to indicate 

the identified SE duration comprises setting the signaling bit to 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 to 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 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 µs, 8 µs, and 12 µs, and wherein the second subset includes SE durations of 12 µs 

and 16 µs. 
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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. 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. 

8. The method of claim 7, 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. 

9. The method of claim 7, wherein the set of at least three possible SE 

durations includes five possible SE durations, and wherein the set of five possible SE 

durations includes durations of O µs, 4 µs, 8 µs, 12 µs, and 16 µs. 

10. The method of claim 7, 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. 

11. An apparatus for signaling in wireless communications, comprising: 
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a signal extension (SE) duration identifier configured to identify an SE 

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

a signaling bit setter configured to 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 

a communicator configured to output the data unit for transmission to the 

receiver. 

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

a memory that stores signal extension signaling instructions; 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. 

13. An apparatus for signaling in wireless communications, 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. 

14. A computer-readable medium storing executable code for signaling in 
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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. 

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

a communicator configured to receive a data unit from a transmitter device; 

a signaling bit identifier configured to identify a single signaling bit in the 

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

and 

an SE duration determiner configured to 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. 

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

a memory that stores signal extension signaling instructions; 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. 

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

18. 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. 

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

identifying, for a plurality of data units each corresponding to a different 

wireless station, a signal extension (SE) duration from a set of at least three possible 

SE durations; 

determining a maximum SE duration from the SE durations identified for the 

plurality of data units; 

applying the maximum SE duration to each of the plurality of data units; and 

outputting the plurality of data units for transmission to the receiver. 

20. The method of claim 19, further comprising using a single signaling bit 

in each of the plurality of data units to indicate the maximum SE duration. 

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

receiving a data unit from a transmitter device; 
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determining which signal extension (SE) duration from a set of at least three 

possible SE durations has been selected for the data unit; 

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. 

22. The method of claim 21, wherein determining which SE duration from 

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

comprises identifying a single signaling bit in the data unit that indicates the SE 

duration selected for the data unit. 

23. The method of claim 21, 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. 

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

a signal extension (SE) duration identifier configured to identify, for a 

plurality of data units each corresponding to a different wireless station, a signal 

extension (SE) duration from a set of at least three possible SE durations; 

an SE multi-user manager configured to determine a maximum SE duration 

from the SE durations identified for the plurality of data units; 

a modifier configured to apply the maximum SE duration to each of the 

plurality of data units; and 

a communicator configured to output the plurality of data units for 

transmission to the receiver. 

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

a memory that stores signal extension signaling instructions; and 
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a processor coupled with the memory and configured to execute the signal 

extension signaling instructions to: 

identify, for a plurality of data units each corresponding to a different 

wireless station, a signal extension (SE) duration from a set of at least three possible 

SE durations; 

determine a maximum SE duration from the SE durations identified for 

the plurality of data units; 

apply the maximum SE duration to each of the plurality of data units; 

and 

output the plurality of data units for transmission to the receiver. 

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

means for identifying, for a plurality of data units each corresponding to a 

different wireless station, a signal extension (SE) duration from a set of at three five 

possible SE durations; 

means for determining a maximum SE duration from the SE durations 

identified for the plurality of data units; 

means for applying the maximum SE duration to each of the plurality of data 

units; and 

means for outputting the plurality of data units for transmission to the 

receiver. 

27. A computer-readable medium storing executable code for signaling in 

wireless communications, comprising: 

code for identifying, for a plurality of data units each corresponding to a 

different wireless station, a signal extension (SE) duration from a set of at least three 

possible SE durations; 
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code for determining a maximum SE duration from the SE durations 

identified for the plurality of data units; 

code for applying the maximum SE duration to each of the plurality of data 

units; and 

code for outputting the plurality of data units for transmission to the receiver. 

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

a communicator configured to receive a data unit from a transmitter device; 

a signal extension (SE) determiner configured to determine which SE duration 

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

and 

a decoder configured 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. 

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

a memory that stores signal extension signaling instructions; 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; 

determine which signal extension (SE) duration from a set of at least 

three possible SE durations has been selected for the data unit; 

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

means for receiving a data unit from a transmitter device; 

means for determining which signal extension (SE) duration from a set of at 

least three possible SE durations has been selected for the data unit; 

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. 

31. 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 determining which signal extension (SE) duration from a set of at 

least three possible SE durations has been selected for the data unit; 

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. 

32. The method of claim 1, wherein using a single signaling bit to indicate 

the identified SE duration comprises setting the single signaling bit to a value of 1 in 

response to the following expression being TRUE: 

(
ll,•.'7\Y'fJAf II----- 20·1 ,--7'}fTllt{B ---- 201· ..,)_ 

~~~.. +· tt. ')(: :________ -· -------· ·: ¾ ) .. ,~ i. ~;-~~ . 4 ; • ct et • . ~:-- i sv~1, 
.,,., \-• ,l'.t' •. \ ,l'.t' l_/ ..•. ,, 

\ ! 
I "'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-' '¥~'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'l 

,. 
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33. The method of claim 1, wherein using a single signaling bit to indicate 

the identified SE duration comprises setting the single signaling bit to a value of O in 

response to the following expression being FALSE: 

(
"'I.TXT7tt1B - 201 llT,:{Tlf\1E - 20\), ''). 

7"i.,:r.-' + •l >< · f - - ~ · • ';?,: 7:~ ,_,..,,~,, 
... {'.(..~ • • ... ~ _,lo .C,C\;),: 

' . "' ' ·q.· ·.. st ,' ' .. , . 
~ . J 

~ J '"""""""""""""""""""""""""""""""""' r. """"""""""""""""""""""""""""""""·"·· 
C.omp-afos r:01J11ding es-ror A 

34. The method of claim 21, wherein identifying a decoding boundary for 

the data unit based at least in part on the SE duration comprises: 

determining that a modulation coding scheme (MCS) is greater or less than a 

threshold; 

in response to the MCS being less than the predetermined threshold, 

processing a last symbol of the data unit based on a = 4, where a is a value indicating 

a ratio of useful bits in the last symbol or alternatively just ignoring the SE, 

in response to the MCS being greater than the predetermined threshold, 

mapping the value of a to the signal extension duration an processing the last 

symbol of the data unit based on the mapping between SE duration and the value of 

a, and 

in response to the MCS being greater than the predetermined threshold and 

the signal extension duration being O µs, setting Nsym = Nsym - 1 and a = 4, which 

indicates that the entire last symbol that occurs after the Nsym reduction is processed. 
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ABSTRACT 

Various aspects are provided related to techniques for signal extension (SE) 

signaling. In one aspect, a method for signaling at a transmitter device includes 

identifying an 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 for the data 

unit to indicates the identified SE duration from the set of at least five possible SE 

durations to a receiver of the data unit, and outputting the data unit for transmission 

to the receiver. In another aspect, a method for signaling at a receiver device 

includes receiving a data unit from a transmitter device, identifying a single 

signaling bit in the data unit that indicates an SE duration selected for the data unit, 

and using 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 another aspect, a method for signaling at a transmitter device includes 

identifying, for a plurality of data units each corresponding to a different wireless 

station, an SE duration from a set of at least three possible SE durations, determining 

a maximum SE duration from the SE durations identified for the plurality of data 

units, applying the maximum SE duration to each of the plurality of data units, and 

outputting the plurality of data units for transmission to the receiver. In another 

aspect, a method for signaling at a receiver device includes, receiving a data unit 

from a transmitter device, determining which SE duration from a set of at least three 

possible SE durations has been selected for the data unit, 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. 
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Transmitter Device 

SE Signaler 710 

SE Duration Identifier 720 

! Set of Possible SE Durations : 
i 722 i ·---------------------------------------------------· 
: SE Duration 723 : 
L. • • • •••••••• • • • • ••••••• • • • • • •••• - • •••••••• • • • •• 

Signaling Bit Setter 725 

r Preamble/Data Information 730 : 
L. • • • •••••••• • • • • ••••••• • • • • • ••••••• • • • • •••• - • •• 

f ----------- S~gnaling Bit l..3..5. ____________ j 

I ---------------------------- I 

: Frame/Data Unit Modifier 745 : 
L-----------------------------' 
I ---------------------------- I 

: Frame/Data Unit Communicator 750 : 
L-----------------------------' 
I ---------------------------- I 
I I 

: SE Multi-User Manager 760 : 
I I 

L-----------------------------' 

FIG. 7 
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Receiver Device 

SE Signaler 810 

I ---------------------------- I 

: Frame/Data Unit Communicator 820 : 
L-----------------------------' 
I ---------------------------- I 

, Signaling Bit Identifier 830 , 
I I 
I I 

: ! Signaling Bit 835 ! : 
I L---------------------------------------------------• I 

L-----------------------------' 

SE Duration Determiner 845 

! Preamble/Data Information 850 ! 
L. • • • •••••••• • • • • ••••••• • • • • • ••••••• • • • • •••• - - -• 

! Data Symbol Determiner 855 ! 
L--••••••••••••••••••••••••••••••••••••••• - •••• 

: SE Duration 860 ! 
L. • • • •••••••• • • • • ••••••• • • • • • •••• - • •••••••• • • • •• 

I ---------------------------- I 

: Frame/Data Unit Decoder 865 : 
L-----------------------------' 
I ---------------------------- I 
I I 

: SE Multi-User Manager 870 : 
I I 

L-----------------------------' 

FIG. 8 
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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 

! 
Output the data unit for transmission to the receiver 

FIG. 9 

9 10 .,.., 

9 15 .,.., 

9 20 .,.., 
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1000 --
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Receive a data unit from a transmitter device 

i 
Identify a single signaling bit in the data unit that indicates a 

signal extension (SE) duration for the data unit 

i 
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 

FIG. 10 

1 010 
r' 

1 015 
r' 

1 020 
r' 
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1100 --
Identify, for a plurality of data units each corresponding to a 
different wireless station, a signal extension (SE) duration 

from a set of at least three possible SE durations 

! 
Determine a maximum SE duration from the SE durations 

identified for the plurality of data units 

i 
Apply the maximum SE duration to each of the plurality of 

data units 

! 
Output the plurality of data units for transmission to the 

receiver 

FIG. 11 

1 110 .,.., 

1 115 .,.., 

11 20 .,.., 

11 25 .,.., 
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1200 --
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Receive a data unit from a transmitter device 

i 
Determine which signal extension (SE) duration from a set of 
at least three possible SE durations has been selected for the 

data unit 

i 

1 210 
r' 

1 215 
r' 

Identify a decoding boundary for the data unit based at least in 1 220 
part on the SE duration r' 

! 
Decode the data unit in accordance with the identified 1 

r' 
225 

decoding boundary 

FIG. 12 
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PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
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section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 
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This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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