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AGC FOR SLICER-BASED LOW POWER DEMODULATOR

BACKGROUND
Field

The present disclosure relates generally to communication systems, and more
particularly, to concepts and techniques for performing automatic gain control in a

receiver.
Background

Peer-to-peer networks are commonly used for connecting wireless devices via
adhoc connections. These networks differ from the traditional client-server model
where communications are usually with a central server. A peer-to-peer network has
only equal peer devices that communicate directly with one another. Such networks are
useful for many purposes. A peer-to-peer network may be used, for example, as a
consumer electronic wire replacement system for short range or indoor applications.
These networks are sometimes referred to as Wireless Personal Area Networks (WPAN)
and are useful for efficiently transferring video, audio, voice, text, and other media

between wireless devices over a short distance.

A WPAN may provide connectivity for devices in a home or a small office or
may be used to provide connectivity for devices carried by a person. In a typical
scenario, a WPAN may provide connectivity for devices within a range on the order of
tens of meters. In some applications, a portable device such as a cell phone may
communicate with a headset using, by way of example, pulsed-Ultra Wide-Band
(UWB) communications. Devices that consume relatively small amounts of power are
generally desirable in these and other types of applications. Low power consumption in

such devices allows for a small battery size and/or prolonged battery life, for example.

To this end, physical layer design approaches implementing pulsed-UWB
technologies with Pulse Position Modulation (PPM), by way of example, have been
utilized for low power and low complexity system design. However, the RF design
required to implement such architectures faces significant challenges, such as those that
stem from the analog energy detector-based PPM demodulator. In certain applications,

the implementation of a slicer based architecture with digital demodulation is an
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efficient way to reduce power consumption compared to energy integration based

approaches.

At the same time, the slicer based architecture, in general, requires a very fine
automatic gain control (AGC). Setting a fine AGC level, especially in UWB systems,
can have significant power consumption costs and/or link budget costs, and thereby,
negate any advantages the slicer based architecture has in terms of power savings.
Accordingly, there is a need for art for a methodology that enables fine AGC estimation

with minimum power consumption and link budget costs.
SUMMARY

According to an aspect of the disclosure, an apparatus includes an amplifier, and
an automatic gain control configured to determine a gain for the amplifier based on an
output from the amplifier during a time period in which a target signal is not present at

the output of the amplifier.

According to another aspect of the disclosure, an apparatus includes means for
amplifying a target signal, and means for automatically controlling a gain for the
amplifying means based on an output from the amplifying means during a time period

in which the target signal is not present at the output of the amplifying means.

According to a further aspect of the disclosure, a method of automatic gain
control includes amplifying a target signal with an amplifier, and automatically
controlling a gain for the amplifier based on an output from the amplifier means during

a time period in which the target signal is not present at the output of the amplifier.

According to yet a further aspect of the disclosure, a computer-program product
for automatically controlling a gain of an amplifier includes computer-readable medium
comprising codes executable to determine a gain for the amplifier based on an output
from the amplifier during a time period in which a target signal is not present at the

output of the amplifier.

According to another aspect of the disclosure, a headset includes an amplifier, an
automatic gain control configured to determine a gain for the amplifier based on an
output from the amplifier during a time period in which a target signal is not present at
the output of the amplifier, and a transducer configured to generate sound based on the

target signal.
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According to yet another aspect of the disclosure, a watch includes an amplifier,
an automatic gain control configured to determine a gain for the amplifier based on an
output from the amplifier during a time period in which a target signal is not present at
the output of the amplifier, and a user interface configured to provide an indication

based on the target signal.

According to yet a further aspect of the disclosure, a sensing device includes an
amplifier, an automatic gain control configured to determine a gain for the amplifier
based on an output from the amplifier during a time period in which a target signal is
not present at the output of the amplifier, and a sensor configured to generate data based

on the target signal.

It is understood that other aspects of the invention will become readily apparent
to those skilled in the art from the following detailed description, wherein it is shown
and described only various aspects of the invention by way of illustration. As will be
realized, the invention is capable of other and different aspects and its several details are
capable of modification in various other respects, all without departing from the scope
of the invention. 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 the present disclosure are illustrated by way of example, and

not by way of limitation, in the accompanying drawings, wherein:

FIG. 1 is a conceptual diagram illustrating an example of a wireless
communications system;

FIG. 2 is a schematic block diagram illustrating an example of a receiver;

FIG. 3 is a schematic block diagram illustrating an example of a receiver with
AGC;

FIGS. 4A and 4B illustrate a flowcharts depicting an example of an AGC
algorithm; and

FIG. 5 is a conceptual block diagram illustrating an example of the functionality

of the receiver.
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DETAILED DESCRIPTION

Various aspects of the disclosure are described below. It should be apparent that
the teachings herein may be embodied in a wide variety of forms and that any specific
structure, function, or both being disclosed herein are merely representative. Based on
the teachings herein one skilled in the art should appreciate that an aspect disclosed
herein may be implemented independently of any other aspects and that two or more of
these aspects may be combined in various ways. For example, an apparatus may be
implemented or a method may be practiced using any number of the aspects set forth
herein. In addition, such an apparatus may be implemented or such a method may be
practiced using other structure, functionality, or structure and functionality in addition to
or other than one or more of the aspects set forth herein. An aspect may comprise one
or more clements of a claim.

Several aspects of a receiver will now be presented. The receiver may be
incorporated into a variety of devices such as, by way of example, a headset, a
microphone, a medical device, a biometric sensor, a heart rate monitor, a pedometer, an
EKG device, a user 1/0 device, a watch, a remote control, a switch, a tire pressure
monitor, an entertainment device, a computer, a point-of-sale device, a hearing aid, a
set-top box, a cell phone, or some other device with some form of wireless signaling
capabilities. The devices may include various components that perform functions bases
on signals transmitted or received via the wireless communication link. By way of
example, a headset may include a transducer adapted to provide an audible output based
on a signal received via the wireless communication link. A watch may include a
display adapted to provide a visual output based on a signal received via the wireless
communication link. A medical device may include a sensor adapted to generate sensed
signals to be transmitted via the wireless communication link.

Alternatively, the receiver may be incorporated into an access device (e.g., a Wi-
Fi access point) for a communication system. By way of example, the device may
provide connectivity to another network (e.g., a wide area network such as the Internet)
via a wired or wireless communication link. Accordingly, the device may enable the
device 102 (e.g., a Wi-Fi station) to access the other network.

In some configurations, the receiver may be part of an access point that provides
access to other nodes a wireless network. In many applications, the receiver may be
part of a device that transmits as well as receives. Such a device would therefore

require a transmitter, which may be a separate component or integrated with the receiver
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into a single component known as a “transceiver.” As those skilled in the art will
readily appreciate, the various concepts described throughout this disclosure are
applicable to any suitable receiver function, regardless of whether the receiver is a
stand-alone device, integrated into a transceiver, or part of a node in a wireless
communications system.

The teachings herein may be adapted for use in low power applications (e.g.,
through the use of a pulse-based signaling scheme and low duty cycle modes) and may
support a variety of data rates including relatively high data rates (e.g., through the use
of high-bandwidth pulses). As an example, a device incorporating various aspects of a
receiver may utilize ultra-wideband (UWB) pulses that have a relatively short length
(e.g., on the order of a few nanoseconds) and a relatively wide bandwidth. Because
pulsed-UWB signals are transmitted in very short pulses that consume very little power,
this technology is well suited for many applications. However, as those skilled in the
art will readily appreciate, the various aspects presented throughout this disclosure are
likewise applicable to receivers for various other wireless communication systems.
Accordingly, any reference to a pulsed-UWB system is intended only to illustrate
various aspects, with the understanding that such aspects have a wide range of
applications. By way of example, various aspects disclosed throughout this disclosure
may be applied to receivers for Bluetooth, 802.11, and other wireless technologies.

An example of a wireless communications system will now be presented with
reference to FIG. 1. The wireless communications system 100 is shown with a laptop
computer 102 in communication with various other wireless nodes 104. In this
example, the computer 102 may receive digital photos from a digital camera 104A, send
documents to a printer 104B for printing, communicate with a smart band-aid 104C,
synch-up with e-mail on a Personal Digital Assistant (PDA) 104D, transfer music files
to a digital audio player (e.g., MP3 player) 104E, back up data and files to a mass
storage device 104F, set the time on a watch 104G, and receive data from a sensing
device 104H (e.g., a medical device such as a biometric sensor, a heart rate monitor, a
pedometer, an EKG device, etc.). Also shown is a headset 106 (e.g., headphones,
earpiece, etc.) that receives audio from the digital audio player 104E.

In one configuration of the wireless communications system 100, the computer
102 provides an access point to a Wide Area Network (WAN) (i.e., a wireless network
covering a regional, nationwide, or even a global region). One common example of a

WAN is the Internet. Another example of a WAN is a cellular network that supports
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CDMAZ2000, a telecommunications standard that uses Code Division Multiple Access
(CDMA) to send voice, data, and signaling between mobile subscribers. A cellular
network is sometimes referred to as a Wireless Wide Area Network (WWAN). Another
example of a WWAN is a cellular network that provides broadband Internet access to
mobile subscribers, such as Evolution-Data Optimized (EV-DO) or Ultra Mobile
Broadband (UMB), both of which are part of the CDMA2000 family of air interface
standards. Alternatively, or in addition to, the computer 102 may have a UWB
connection to an Ethernet modem, or some other interface to a Local Arca Network
(LAN) (i.e., a network generally covering tens to a few hundred meters in homes,
offices buildings, coffee shops, transportation hubs, hotels, etc.).

Several examples of a receiver suitable for use in the wireless communications
system described above, as well as other systems, will now be presented with reference
to FIGS. 2-4.

Referring to FIG. 2, a signal source 202 generates information comprising
encoded symbols and modulates a carrier signal with the information. The information
may be encoded with convolutional codes, Turbo codes, or any other suitable coding
scheme. The modulated carrier signal is then transmitted through a wireless channel
204 to a receiver 206.

At the receiver 206, the modulated carrier signal is processed by analog circuitry
at the front end. A conceptual example of analog circuitry is shown in FIG. 2, which
includes an antenna 208, a band pass filter (BPF) 210, a low noise amplifier (LNA) 212,
a squarer 214, a low pass filter (LPF) 216, and a variable gain amplifier (VGA) 217. In
this example, the modulated carrier signal is received at the antenna 208 and provided to
the BPF 210 to remove out-of-band noise and interference received from the wireless
channel 204. The filtered signal from the BPF 210 is provided to the LNA 212, which
provides amplification with good noise performance. The amplified signal from the
LNA 212 is then provided to the squarer 214. The squarer 214 is used to obtain the
signal magnitude from the amplified signal. The squarer 214 may be implemented
directly at RF, after down-conversion (not shown), or at an intermediate frequency. The
signal from the squarer 214 is then provided to the LPF 216. Alternatively, the LPF 216
may be inherent in the squarer 214. The LPF 216 response may be fixed or adaptively
controlled. The signal output from the LPF 216 is provided to the VGA 217 for further

amplification.
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The signal output from the VGA 217 is sampled by a slicer 218. The slicer 218
in this example is a 1-bit slicer, but could be an N-bit slicer where N is an additional
system design parameter. The 1-bit slicer makes 1-bit decisions regarding the signal at
a sampling frequency f;. The sampling frequency may be fixed or adaptively controlled
for performance optimization.

The sampled output from the slicer 218 is provided to a digital demodulator 220
to recover the data representative of the information carried by the signal transmitted by
the signal source 202. The configuration of the demodulator 220 will depend upon the
modulation scheme implemented at the signal source 202. As those skilled in the art
will readily appreciate, the signal transmitted by the signal source 202 may be
modulated by any of a multitude of well known modulation schemes. One example of a
suitable demodulator 220 is described in U.S. Patent Application No. 12/099,686,
having Attorney Docket No. 072363, the content of which is incorporated herein by
reference.

The data recovered by the demodulator 220 is provided to a decoder 224 to
convert the data comprised of encoded symbols into a digital bit stream for further
processing by a data sink 226. The specific implementation of the data sink 226 will
depend on the particular application. By way of example, the data sink may be a
transducer for a headset, a user interface for a watch, and a sensor for a sensing device.

Referring to FIG. 3, a receiver 206 is shown with an AGC 228. The AGC 228
may be used to adaptively control the LNA gain, the VGA gain, and/or the slicer
threshold. More specifically, the AGC 228 determines the LNA gain, VGA gain, and/or
the slicer threshold based on noise and interference and not on the signal level. In this
example, the LNA gain, VGA gain, and/or slicer threshold is determined during a time
period (i.e., AGC scan) where the signal is not present. In some applications, however,
the receiver 206 may not be able to ensure that the signal is not present during the AGC
scan. In these applications, any performance loss due to the error in the estimated gain
levels may be quantified and accounted for in the link margin. In some cases, there may
be system specific solutions to mitigate any performance impact. By way of example,
in time hopped UWB systems, the AGC scan may be performed without time-hopping
which may aid in minimizing the likelihood of signal capture. Another way is to have a
decision directed fine AGC control after acquisition.

During the AGC scan, the 1-bit slicer 218 outputs a series of bits, with each bit
having one of two values (i.c., logic state “0” or logic state “1”). The AGC 228
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evaluates the average percentage of “1”’s output from the slicer 218 during the AGC
scan and compares it with a pre-specified level. Alternatively, the AGC 228 may
evaluate the average percentage of “0”’s output from the slicer 218 and perform a similar
comparison. The LNA gain, the VGA gain, the slicer threshold, or any combination
thereof, is adjusted up or down to ensure that the target is met.

An example of an algorithm used by the AGC will now be described with
respect to the flow chart illustrated in FIGS. 4A and 4B. The algorithm depicted in
FIGS. 4A and 4B employs a bi-sectional search and assumes that the slicer threshold
level remains constant and only the LNA and VGA gains are adjusted. However, as
noted above, any combination of the amplifier gains and the slicer threshold may be
controlled by the AGC algorithm. In the algorithm shown in FIGS. 4A and 4B, for a
given gain level hypothesis, a “best” gain is determined and used to adjust the gain of
cither the LNA 212, the VGA 217, or both.

In FIG. 4A, the gain of the LNA 212 is set. In the aspect shown in FIG. 4A, the
variable gain of the VGA 217 is set to the minimum gain of the VGA. As shown in
block 410a of FIG. 4A, the AGC algorithm includes an initial step of obtaining system
parameters. The system parameters in this example include a time period Ty, (in
seconds) over which slicer outputs are collected. Ideally, this time period occurs when
no target signal is received. System parameters further include a target for an average
probability of 1°s pw output by the slicer, minimum and maximum gain levels LNA yn,
LNA . of a the LNA, and the minimum required gain resolution Resminina for the
LNA. The minimum required gain resolution may be determined during the system
design process. For simplicity of description, the LNA gain levels are assumed to be
equidistant in dB scale with the resolution Resminina. Further, the number of LNA gain
levels is assumed to be 2" -1 where N is an integer. The extension to a general case is
straightforward.

Further, in the algorithm shown in FIG. 4A, parameters “H” (i.e., Hmin, Hmax,
Hiyp, Hpest) are used to represent gain values or limits throughout the algorithm. The
parameter Hpesr represents the best available gain setting at any point. The parameter
Huyp represents a gain level (“current gain level”) for a current gain level hypothesis.
Parameters Hpin and Hpay represent the minimum and maximum gain levels for a given
hypothesis. A parameter puest represents a metric corresponding to the best available

gain setting Hpeqt, and a parameter puy, represents the estimated probability of 1°s at the
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slicer output when the gain level is Hyyp. In the algorithm of FIG. 4A, the minimum and
maximum gain levels LNA yin, LNARax are assumed to be specified in dB.

The parameters for the minimum and maximum gain Hpin, Hmax, the best
available gain setting Hyest and the metric ppest corresponding to the best available gain
setting are initialized as shown in block 420a of FIG. 4A. Initially, the minimum gain
Hpmin 1s assigned the value of the system parameter LNAui, - ReSminina, and the
maximum gain Hpay 18 assigned the value of the system parameter LNA pax + ReSmin 1NA-
For example, if LNApis = 10dB, LNAx = 20dB and Respinina = 1dB, Hyin 18 assigned
to 9dB and Hpax 18 assigned to 21dB. The best available gain setting Hyes; 1s initialized
with the value of the system parameter LNA i, and the metric pres; corresponding to the
best available gain setting Hyes 18 initialized with the value “0”. In block 430a, the
current gain level Hyy, 15 set to the average value of the minimum and maximum gain,
1.€., (Hmin + Hmax)/2. For example, if Hyin = 9dB and Hyex = 21dB, Hyyp 18 set to 15dB.

The slicer obtains samples of the noise plus interference on the channel at a
sampling frequency fs during the time period Thy, in which no target signal is received.
The slicer output is collected as a value S;, where 1 =1, 2,..., Tyypfs, for every sample of
the slicer, as shown in block 440a.

In block 450a, the estimated probability of 1’s at the slicer output puy, for the
current gain level Hyyp 18 set equal to the average value of the collected slicer output
data, and a determination is made as to whether the estimated probability of 1°s payp 18
greater than the target probability ps. If the estimated probability of 1°s ppy, at the slicer
output for the current gain level Hyy, 1S not greater than the target probability pn (1.€., a
“no” decision in block 450a), the flow moves to block 452a, where the current gain
level Hyyp is set as the new value of the minimum gain level Hyin. If the estimated
probability pny, is greater than the target probability pwm (i.c., a “yes” decision in block
450a), the flow moves to block 454a, where the current gain level Hyy, 1 set as the new
value of the maximum gain level Hpma.

In block 460a it is determined whether the difference between the estimated
probability of 1’s puyp at the slicer output for the current gain level Hyy, and the target
probability pm (P - Phyp) 15 greater than the difference between the metric pyes and the
target probability pm (Pt - Poest). If P - Phyp 18 greater than pw - peest (1.€., a “yes”
decision in block 460a), the flow control moves to block 464a. If pw - phyp 1S not greater

than pwm - prest (1.€., @ “no” decision in block 460a), the value of peest 1S updated to the
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value of puyp, and the value of Hi.y 18 updated to the value of Hyy, in block 462a, and
then flow control moves to block 464a.

In block 464a, it is determined if the difference between the maximum and
minimum gain values Hmax and Humin (Hmax- Hmin) 18 less than or equal to the required
minimum resolution Resmin 1 Na.

If the difference between the maximum and minimum gain values (Hyax - Hiin)
is less than or equal to the required minimum resolution Resminrna (i.€., a “yes”
decision in block 464a), the best available gain setting Hyes 1S used as the gain level for
the LNA. If (Hmax - Hmin) 1s greater than the required minimum resolution ReSmin1na
(i.e., a “no” decision in block 464a) flow control is returned to block 430a, and the
algorithm is reiterated from that point until (Hmax - Hmin) 18 not less than the required
minimum resolution Resminrna, at which time the then current value of Hyey 18 used as
the gain setting for the LNA 470a.

FIG. 4B illustrates an AGC algorithm for setting a gain level of the VGA 217
based on the LNA gain level determined in FIG. 4A. As shown in block 410b of FIG.
4B, the AGC algorithm includes an initial step of obtaining system parameters. In the
aspect shown in FIG. 4B, the system parameters include a time period Thy, (in seconds)
over which slicer outputs are collected. Ideally, this time period occurs when no target
signal is received. System parameters further include a target for an average probability
of 1’s pmoutput by the slicer, minimum and maximum gain levels VGA pin, VGApax of
the variable gain amplifier, and the minimum required gain resolution for the VGA
ReSminvga. The minimum required gain resolution may be determined during the
system design process. For simplicity of description, the VGA gain levels are assumed
to be equidistant in dB scale with the resolution Resmin vga. Further, the number of VGA
gain levels is assumed to be 2~ -1 where N is an integer. The extension to a general case
is straightforward.

Further, in the algorithm shown in FIG. 4B, parameters “H” (i.e., Hmin, Hmax,
Hiyp, Hpest) are used to represent gain values or limits throughout the algorithm. The
parameter Hpesr represents the best available gain setting at any point. The parameter
Huyp represents a gain level (“current gain level”) for a current gain level hypothesis.
Parameters Hpin and Hpay represent the minimum and maximum gain levels for a given
hypothesis. A parameter puest represents a metric corresponding to the best available

gain setting Hpeqt, and a parameter puy, represents the estimated probability of 1°s at the
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slicer output when the gain level is Hyyp. In the algorithm of FIG. 4B, the minimum and
maximum gain levels VGAmin, VGAmax are assumed to be specified in dB.

The parameters for the minimum and maximum gain Hpin, Hmax, the best
available gain setting Hyest and the metric ppest corresponding to the best available gain
setting are initialized as shown in block 420b of FIG. 4B. Initially, the minimum gain
Hpmin 1S assigned the value of the system parameter VGAuin - ReSminvia, and the
maximum gain Hpay 1 assigned the value of the system parameter VGA maxt ReSminvGa.
For example, if VGALn = 10dB, VGALx = 20dB and Resminvga = 1dB, Hupin 18
assigned to 9dB and Hy.x 15 assigned to 21dB. The best available gain setting Hpes 18
initialized with the value of the system parameter VGA,,, and the metric pues
corresponding to the best available gain setting Hyeg 18 initialized with the value “0”. In
block 430D, the current gain level Hyy, is set to the average value of the minimum and
maximum gain, i.€., (Hmin T Hmax)/2. For example, if Hyin = 9dB and Hyax = 21dB, Hiyp
1s set to 15dB.

The slicer obtains samples of the noise plus interference on the channel at a
sampling frequency f; during the time period Thy, in which no signal is received. The
slicer output is collected as a value S;, where 1 = 1, 2,..., Thypfs, for every sample of the
slicer, as shown in block 440b.

In block 4500, the estimated probability of 1’s at the slicer output pay, for the
current gain level Hyyp 18 set equal to the average value of the collected slicer output
data, and a determination is made as to whether the estimated probability of 1°s payp 18
greater than the target probability py. If the estimated probability of 1°s puy, at the slicer
output for the current gain level Hyy, 1s not greater than the target probability pth (i.e., a
“no” decision in block 450b), the flow moves to block 452b where the current gain level
Hyyp 15 set as the new value of the minimum gain level Hy,. If the estimated probability
Phyp 15 greater than the target probability pg (i.€., a “yes” decision in block 450b), the
flow moves to block 454b, where the current gain level Hyy, is set as the new value of
the maximum gain level Hpmax.

In block 460b it is determined whether the absolute value of the difference
between the estimated probability of 1°s puy, at the slicer output for the current gain
level Hyy, and the target probability pm (|pm- phyp|) 18 greater than the absolute value of
the difference between the metric prest and the target probability pm (|[pm - Poest|)- If | -
Phyp| 18 greater than [pum- prest| (1.€., @ “yes” decision in block 460b), the flow control

moves to block 464b. If [pm- pryp| 1S not greater than [pm- Presy (1.€., @ “no” decision in
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block 460b), the value of pues 1S updated to the value of puyy, and the value of Hyeq 1S
updated to the value of Hyy, in block 462b, and then flow control moves to block 464b.

In block 464b, it is determined if the difference between the maximum and
minimum gain values Hpax and Hpmin (Hmax- Hmin) 18 less than or equal to the required
minimum resolution Resmin vga.

If the difference between the maximum and minimum gain values (Hyax - Hiin)
is less than or equal to the required minimum resolution Resminvga (i.€., a “yes”
decision in block 464b), the best available gain setting Hpes 1 used as the VGA gain
level. If (Hmax - Hmin) 18 greater than the required minimum resolution Resminvga (i.€., @
“no” decision in block 464b) flow control is returned to block 430b, and the algorithm is
reiterated from that point until (Hmax - Hmin) 1S not greater than the required minimum
resolution Resminvia, at which time the then current value of Hyey 1s used as the VGA
gain setting 470b.

Although described in the context of a single target value pu, it should be readily
apparent to one of ordinary skill in the art that the system and concepts described herein
may be expanded to include a target psm encompassing a region of probabilities.

Referring to FIG. 3, the AGC 228 may be implemented or performed with a
general purpose processor, a microcontroller, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field programmable gate array (FPGA),
a programmable logic device, a controller, a state machine, discrete hardware
components, or any combination thereof, or other suitable entity or entities that can
perform the various functions described throughout this disclosure. The AGC 228 may
also include, or be supported by, one or more machine-readable medium for storing
software. Software shall be construed broadly to mean instructions, data, or any
combination thereof, whether referred to as software, firmware, middleware, microcode,
hardware description language, or otherwise. Instructions may include code (e.g., in
source code format, binary code format, executable code format, or any other suitable
format of code).

Machine-readable media includes any medium that facilitates transfer of
software from one place to another. By way of example, machine-readable media may
include RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic disk
storage or other magnetic storage devices, or any other medium that can be used to carry
or store software in the form of instructions or data structures and that can be accessed

by the processing system. Also, any connection is properly termed a machine-readable
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medium. For example, if the software is transmitted from a website, server, or other
remote source using a coaxial cable, fiber optic cable, twisted pair, digital subscriber
line (DSL), or wireless technologies such as infrared, radio, and microwave, then the
coaxial cable, fiber optic cable, twisted pair, DSL, or wireless technologies such as
infrared, radio, and microwave are included in the definition of medium. Combinations
of the above should also be included within the scope of machine-readable media.
Moreover, in some aspects any suitable computer-program product may comprise a
computer-readable medium or machine-readable medium comprising codes relating to
one or more of the aspects of the disclosure. In some aspects a computer program
product may comprise packaging materials.

FIG. 5 is a conceptual block diagram illustrating an example of the functionality
of the receiver 206. In this example, the receiver 206 includes means 502 for
amplifying a target signal and means 504 for automatically controlling a gain for the
amplifying means based on an output from the amplifying means during a time period
in which a signal is not present at the output of the amplifying means.

The previous description is provided to enable any person skilled in the art to
practice the various aspects described herein. Various modifications to these aspects
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other aspects. Thus, the claims are not intended to be limited
to the aspects shown herein, but is to be accorded the full scope consistent with the
language claims, wherein reference to an element in the singular is not intended to mean
“one and only one” unless specifically so stated, but rather “one or more.” All structural
and functional equivalents to the elements of the various aspects 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, sixth paragraph,
unless the element is expressly recited using the phrase “means for” or, in the case of a

method claim, the element is recited using the phrase “step for.”

WHAT IS CLAIMED IS:
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CLAIMS

1. An apparatus for wireless communications, comprising:
an amplifier; and
an automatic gain control configured to determine a gain for the
amplifier based on an output from the amplifier during a time period in which a target

signal is not present at the output of the amplifier.

2. The apparatus of claim 1 wherein the automatic gain control is further
configured to determine the gain for the amplifier based on the output from the
amplifier during a second time period in which the target signal is present at the output

of the amplifier.

3. The apparatus of claim 1 further comprising a slicer configured to sample
the output from the amplifier, wherein the automatic gain control is further configured

to determine the gain for the amplifier from the samples during the time period.

4. The apparatus of claim 3 wherein the slicer comprises a 1-bit slicer.
5. The apparatus of claim 3 wherein the automatic gain control is further
configured to:

process the samples;
compare the processed samples to a threshold; and

determine the gain for the amplifier based on the comparison.

6. The apparatus of claim 5 wherein each of the samples output from the
slicer comprises a first or second value, the automatic gain control being further
configured to:

compare a percentage of samples having the first value to a threshold
percentage during the time period; and

determine the gain for the amplifier based on the comparison.

7. The apparatus of claim 6 wherein the first value comprises a logic state 1

and the second value comprises a logic state of 0.
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8. The apparatus of claim 6 wherein the first value comprises a logic state

of 0 and the second value comprises a logic state of 1.

9. The apparatus of claim 3 wherein the slicer is further configured to
sample the output from the amplifier based on a threshold, and wherein the automatic
gain control is further configured to determine the threshold for the slicer from the

samples during the time period.

10. The apparatus of claim 3 further comprising a second amplifier, wherein
the automatic gain control is further configured to determine a gain for the second

amplifier from the samples output from the slicer during the time period.

11. The apparatus of claim 10 wherein one of the amplifier and second
amplifier comprises a low noise amplifier and the other one of the amplifier and second

amplifier comprises a variable gain amplifier.

12.  The apparatus of claim 1 wherein the amplifier comprises either a low

noise amplifier or a variable gain amplifier.

13. The apparatus of claim 1 wherein the automatic gain control is further

configured to:

obtain a minimum required gain resolution;

recursively set minimum and maximum hypothetical gain parameters
and
a best hypothetical gain parameter based on system parameters until a difference
between the minimum and maximum hypothetical gain parameters is equal to or less
than the minimum required gain resolution; and

determine the gain for the amplifier based on the best hypothetical gain

parameter.

14.  An apparatus for wireless communications, comprising:

means for amplifying a target signal; and
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means for automatically controlling a gain for the amplifying means
based on an output from the amplifying means during a time period in which the target

signal is not present at the output of the amplifying means.

15. The apparatus of claim 14 wherein the means for automatically
controlling a gain for the amplifying means further comprises means for determining the
gain for the amplifying means based on the output from the amplifying means during a
second time period in which the target signal is present at the output of the amplifying

means.

16.  The apparatus of claim 14 further comprising means for sampling the
output from the amplifying means, wherein the means for automatically controlling a
gain for the amplifying means further comprises means for determining the gain for the

amplifying means from the samples during the time period.

17. The apparatus of claim 16 wherein the sampling means comprises a
slicer.

18. The apparatus of claim 17 wherein the slicer comprises a 1-bit slicer.

19. The apparatus of claim 16 wherein the means for automatically

controlling a gain of the amplifying means further comprises:
means for processing the samples output from the sampling means;
means for comparing the processed samples to a threshold; and
means for determining the gain for the amplifier based on the

comparison.

20. The apparatus of claim 19 wherein each of the samples output from the
sampling means comprises a first or second value, the means for automatically
controlling a gain of the amplifying means further comprising:

means for comparing a percentage of samples having the first value to a
threshold percentage during the time period; and
means for determining the gain for the amplifying means based on the

comparison.
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21. The apparatus of claim 20 wherein the first value comprises a logic state

1 and the second value comprises a logic state of 0.

22. The apparatus of claim 20 wherein the first value comprises a logic state

of 0 and the second value comprises a logic state of 1.

23.  The apparatus of claim 16 wherein the sampling means is configured to
sample the outputs from the amplifying means based on a threshold, the apparatus
further comprising means for determining the threshold for the sampling means from

the samples output from the sampling means during the time period.

24. The apparatus of claim 16 further comprising a second means for
amplifying the target signal, wherein the means for automatically controlling a gain of
the amplifying means further comprises means for determining a gain for the second
amplifying means from the samples output from the sampling means during the time

period.

25. The apparatus of claim 24 wherein one of the amplifying means and the
second amplifying means comprises a low noise amplifier and the other one of the

amplifying means and the second amplifying means comprises a variable gain amplifier.

26. The apparatus of claim 14 wherein the amplifying means comprises

cither a low noise amplifier or a variable gain amplifier.

27. The apparatus of claim 14 wherein the means for automatically

controlling a gain of the amplifying means further comprises:

means for obtaining a minimum required gain resolution;

means for recursively setting minimum and maximum hypothetical gain
parameters and a best hypothetical gain parameter based on the system parameters until
a difference between the minimum and maximum hypothetical gain parameters is equal
to or less than the minimum required gain resolution; and

means for determining the gain for the amplifying means based on the

best hypothetical gain parameter.
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28. A method of automatic gain control, comprising;:
amplifying a target signal with an amplifier; and

automatically controlling a gain for the amplifier based on an output

from the amplifier means during a time period in which the target signal is not present at

the output of the amplifier.

29.  The method of claim 28 wherein the automatic control of the gain
comprises determining the gain for the amplifier based on the output from the amplifier
during a second time period in which the target signal is present at the output of the

amplifier.

30.  The method of claim 28 further comprising sampling the output from the
amplifier, wherein the automatic control of the gain further comprises determining the

gain for the amplifier from the samples during the time period.

31. The method of claim 30 wherein the automatic control of the gain further
comprises;
processing the samples;
comparing the processed samples to a threshold; and

determining the gain for the amplifier based on the comparison.

32.  The method of claim 31 wherein each of the samples comprises a first or
second value, the automatic control of the gain further comprising:
comparing a percentage of samples having the first value to a threshold
percentage during the time period; and

determining the gain for the amplifier based on the comparison.

33. The method of claim 32 wherein the first value comprises a logic state 1

and the second value comprises a logic state of 0.

34. The method of claim 32 wherein the first value comprises a logic state of

0 and the second value comprises a logic state of 1.
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35.  The method of claim 30 wherein the sampling of the output from the
amplifier is based on a threshold, and wherein the automatic control of the gain further

comprises determining the threshold during the time period.

36.  The method of claim 30 further comprising a second amplifier, wherein
the automatic control of the gain further comprises determining a gain for the second

amplifier from the samples during the time period.

37. The method of claim 28 wherein the automatic control of the gain further

comprises:

obtaining a minimum required gain resolution;

recursively setting minimum and maximum hypothetical gain
parameters and a best hypothetical gain parameter based on system parameters until a
difference between the minimum and maximum hypothetical gain parameters is equal to
or less than the minimum required gain resolution; and

determining the gain for the amplifier based on the best hypothetical

gain parameter.

38. A computer-program product for automatically controlling a gain of an
amplifier, comprising:

computer-readable medium comprising codes executable to determine a

gain for the amplifier based on an output from the amplifier during a time period in

which a target signal is not present at the output of the amplifier.

39. A headset, comprising:
an amplifier;
an automatic gain control configured to determine a gain for the
amplifier based on an output from the amplifier during a time period in which a target
signal is not present at the output of the amplifier; and

a transducer configured to generate sound based on the target signal.

40. A watch, comprising:

an amplifier;
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an automatic gain control configured to determine a gain for the
amplifier based on an output from the amplifier during a time period in which a target

signal is not present at the output of the amplifier; and

a user interface configured to provide an indication based on the target
signal.

41. A sensing device, comprising;:

an amplifier;

an automatic gain control configured to determine a gain for the
amplifier based on an output from the amplifier during a time period in which a target
signal is not present at the output of the amplifier; and

a sensor configured to generate data based on the target signal.
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