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(57) Abstract: An automatic gain control (AGC) system (127) and corresponding method (FIG. 3, 4) is configured to increase sig-
nal to noise in a receiver (P/O FIG. 1). The AGC system includes: a signal level detector (125) for determining a signal level for a
desired signal (301); a wideband signal detector (129) for determining a wideband signal level of a wideband signal, the wideband
signal being indicative of an interfering signal being present (307, 309); and a controller (131) coupled to both detectors and con-
figured to provide one or more AGC signals (at 107 or 116) to the receiver to establish a gain setting for the receiver, wherein an
initial AGC setting for the receiver is based on the signal level, and AGC adjustments, based e.g., on one or more of the signal lev-
el and the wideband signal level, are provided such that an adjusted AGC setting for the receiver increases the signal to noise.
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RECEIVER WITH AUTOMATIC GAIN CONTROL

FIELD OF THE INVENTION

[0001] This invention relates in general to communication equipment and more specifically

to techniques and apparatus for improving signal to noise performance of receiver equipment.

BACKGROUND OF THE INVENTION

[0002] Communications equipment including receivers are known. Receivers typically
operate to selectively receive a desired signal. The desired signal can be among a plethora of
other signals, etc. that individually or collectively represent interferers or interfering signals.
A receiver needs to receive or recover the desired signal in the presence of interfering signals
and these signals can vary over many orders of magnitude in signal level. To help with the
resultant dynamic range issues, receivers often employ automatic gain control systems where
receiver gains are reduced as desired signal level increases.

[0003] Known AGC systems typically assess on-channel or desired signal levels and make
gain adjustments accordingly. In some systems, e.g., second generation (2G) Global System
for Mobile (GSM) systems, AGC systems make gain reductions assuming worst case
interfering signals. This can result in receiver sensitivity or signal to noise degradation and

thus increased error rates and the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The accompanying figures where like reference numerals refer to identical or
functionally similar elements throughout the separate views and which together with the
detailed description below are incorporated in and form part of the specification, serve to
further illustrate various embodiments and to explain various principles and advantages all in

accordance with the present invention.

[0005] FIG. 1 depicts in a simplified and representative form, a high level diagram of a
1
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receiver system with an automatic gain control (AGC) system in accordance with one or more
embodiments;

[0006] FIG. 2 in a representative form, shows a diagram that illustrates signal to noise loss
due to an AGC setting in accordance with one or more embodiments;

[0007] FIG. 3 depicts a representative diagram of a flow chart showing one or more
methods of increasing signal to noise in accordance with one or more embodiments;

[0008] FIG. 4A and FIG. 4B depicts a representative diagram of a flow chart which is an
extension of or is used together with FIG. 3 showing one or more methods of adjusting AGC
in a receiver in accordance with one or more embodiments;

[0009] FIG. 5 depicts a representative block diagram of a wideband signal level detector in
accordance with one or more embodiments; and

[0010] FIG. 6 shows a table of AGC settings in accordance with one or more embodiments.

DETAILED DESCRIPTION

[0011] In overview, the present disclosure concerns AGC and receiver systems having or
facilitating improved performance, ¢.g., improved signal to noise or sensitivity and
corresponding methods thereof. More particularly various inventive concepts and principles
embodied in methods and apparatus, for establishing AGC settings and then adapting or
adjusting or modifying these AGC settings will be discussed and disclosed.

[0012] The receivers and AGC systems of particular interest may vary widely but include
various cellular phone receivers and other wireless receivers employing AGC. In systems,
equipment and devices that employ AGC, apparatus and methods for adjusting the AGC can
be particularly advantageously utilized, provided they are practiced in accordance with the
inventive concepts and principles as taught herein.

[0013] The instant disclosure is provided to further explain in an enabling fashion the best
modes, at the time of the application, of making and using various embodiments in
accordance with the present invention. The disclosure is further offered to enhance an
understanding and appreciation for the inventive principles and advantages thereof, rather
than to limit in any manner the invention. The invention is defined solely by the appended
claims including any amendments made during the pendency of this application and all
equivalents of those claims as issued.

[0014] It is further understood that the use of relational terms, if any, such as first and
second, top and bottom, and the like may be used solely to distinguish one from another entity
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or action without necessarily requiring or implying any actual such relationship or order
between such entities or actions.

[0015] Much of the inventive functionality and many of the inventive principles are best
implemented with or in integrated circuits (ICs) including possibly application specific ICs or
ICs with integrated processing controlled by embedded software or firmware. It is expected
that one of ordinary skill, notwithstanding possibly significant effort and many design choices
motivated by, for example, available time, current technology, and economic considerations,
when guided by the concepts and principles disclosed herein will be readily capable of
generating such software instructions and programs and ICs with minimal experimentation.
Therefore, in the interest of brevity and minimization of any risk of obscuring the principles
and concepts according to the present invention, further discussion of such software and ICs,
if any, will be limited to the essentials with respect to the principles and concepts of the
various embodiments.

[0016] Referring to FIG. 1, a simplified and representative high level diagram of a receiver
system with an automatic gain control (AGC) system in accordance with one or more
embodiments will be briefly discussed and described. The receiver etc. of FIG. 1 in some
embodiments can be or represent a Global System for Mobile (GSM) Enhanced Data Rate
(EDGE) receiver. In FIG. 1, an antenna 101 is shown coupled to a transmit receive switch
and basic radio frequency (RF) filtering (T/R switch) 103. The T/R switch 103 or signal is
coupled to an RF amplifier 105 that has a variable gain where the gain is controlled or set by
an AGC signal at 107. The RF amplifier is generally a low noise amplifier and may be
referred to as a receiver front end amplifier. In some embodiments the RF amplifier 105 or
variable gain amplifier along with other functional elements, as depicted, is part of a receiver
integrated circuit 109. Radio frequency signals absorbed by the antenna 101 are coupled to
the RF amplifier and amplified by an amount that is determined by the AGC setting as set by
the AGC signal.

[0017] The RF amplifier 105 or signals there from are coupled to a complex mixer 111
(with in phase, I, and quadrature, Q, mixers) which down convert or frequency translate the
signals from the RF amplifier to an intermediate frequency (IF). It is understood that I and Q
may be used below to refer to the signal in the in phase path and Q to the signal in the
quadrature path and that the I and Q signal will vary depending on what functions have been
performed on the respective signals, i.e., depending on the location within the path that is
being referred to. Generally the mixer 111 operates to down convert a desired or on channel
signal frequency by an amount determined by a local oscillator frequency as established and
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provided by a frequency synthesizer 113. In some embodiments, the IF will be at or near zero
hertz, i.e., the local oscillator frequency will be the same or very near to the channel
frequency of the desired signal. The output signals, I and Q, from the mixer are coupled to a,
respective, IF amplifier and filter 115. The IF amplifier has a variable gain, where the gain is
set or determined or established by an AGC signal at 116. The filter is typically a low pass
filter and operates to suppress high frequency noise and other extrancous mixing product
signals or the like. Signals from the IF amplifier 115 are coupled to an analog to digital
converter (ADC) 117 where they are converted to digital words.

[0018] The digital words from the ADC are coupled in some embodiments to a digital
signal processor (DSP) 119, which can perform various functions such as channel
compensation, frequency conversion to base band and the like, which are not germane to the
present disclosure and thus will not be further discussed. The outputs from the DSP 119 are
coupled to a receiver channel selectivity filter 121. This can be a digital filter, ¢.g., a finite
impulse response (FIR) filter and generally operates to select the on-channel or desired signal
and reject or reduce all other signals including adjacent or alternate or other off channel
signals that may be represented in the signals from the DSP. In one embodiment the channel
selectivity filter 121 is a 16™ order FIR, which is defined by up to 40 coefficients that are
programmable as required.

[0019] The filter 121 and signals there from are coupled to a modem 123. The modem 123
is functionally dependent on the air interface which is being utilized. The modem generally
operates on the in phase, I, and quadrature, Q, signals from the filter 121 to recover symbols.
The modem is also responsible for controlling the frequency synthesizer 113 to control the
frequency that the receiver is tuned to or operating on. This includes following a
predetermined pattern whenever the receiver is operating a frequency hopping mode. The
modem also and controls the basic timing associated with the receiver and other operating
parameters as is known. Frequency hopping and the like is done in accordance with a
predetermined frequency pattern, which is defined or the method by which it is determined is
defined by the relevant air interface standards. Timing includes, e.g., timing associated with a
time division multiple access (TDMA) protocol and each of these issues is well understood
given a particular air interface protocol and thus, standard.

[0020] The modem in some embodiments also includes a signal level detector 125 while
other embodiments use a separate signal level detector. In either case, the signal level
detector 125 determines or obtains a signal strength that is based on or in accordance with a
signal level for an on-channel or desired signal only. The signal level detector may take
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various forms with one form including a sum of squares operation, i.c., the signal level or
amplitude is the square root of the sum of the in phase signal squared, I?, plus the quadrature
signal squared, Q”. Note that the signal level may also be viewed as a signal power, which is
the sum of the aforementioned squares, i.¢., no need to find a square root. In one or more
embodiments, the modem is arranged and constructed to facilitate operation is a TDMA air
interface. In these situations the signal level detector assesses or determines the signal
strength for a first burst or TDMA slot or frame and then uses the signal level for the first
burst for a subsequent burst.

[0021] The signal level detector 125 is part of an automatic gain control (AGC) system
127, which is part of the receiver system of FIG. 1. Also included in the AGC system 127 is
an interferer detector 129 (alternatively referred to as an interfering signal detector or a
wideband signal detector) and a controller or AGC controller 131. The wideband or interferer
detector is coupled to the I and Q outputs of the ADC 117 and operates to determine whether
an interfering signal is present, i.c., in some embodiments determines or obtains a wideband
signal strength or a signal strength based on a wideband signal, where the signal strength is
indicative of an interfering signal being present in the wideband signal. It will be observed
that the wideband signal in the FIG. 1 embodiment includes the desired or on-channel signal.
This is not necessary but may be convenient or practical as additional filtering is not needed.
The wideband signal detector 129 and the signal level detector 125 are coupled to the
controller 131 and each can provide their respective information, i.e., indicating presence of
an interferer or wideband signal strength or wideband signal level and signal level (RXLEV)
to the controller. Again the interferer or wideband detector 129 can use a sum of the squares
of the outputs from the ADCs and that information can be compared to a threshold in order to
determine whether an interfering signal is present. Other embodiments of the wideband
signal detector or wideband signal level detector can be coupled to the input of the ADC,
provided they are arranged to operate with analog signals, etc.

[0022] The AGC controller 131 can be a general purpose controller or microprocessor or
processor core that is executing appropriate software or firmware or a state machine or some
combination of hardware, software, and the like. The software or other operating variables or
parameters and results or the like can be stored in memory 132. The software, firmware, etc.
will be evident to those of ordinary skill given the discussions and descriptions of the
embodiments herein. The memory can be external too the receiver IC or part of the IC. The
memory 132 can be electrically erasable read only memory or some other form of memory or

some combination of forms of memory.
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[0023] The automatic gain control (AGC) system 127 is arranged, adapted, and configured
to increase signal to noise, specifically signal to noise of a desired signal at some point within
the receiver as will become evident in view of the following discussions. As noted, in some
embodiments, the AGC system 127 comprises or includes the signal level detector 125 for
determining or obtaining a signal level (e.g., amplitude or power or the like) for a desired
signal; the interfering or wideband signal detector for determining a wideband signal level
that is indicative of whether an interfering signal is present, e.g., obtaining a second signal
strength that is based on a wideband signal and is indicative of an interfering signal being
present, the wideband signal including the desired signal; and further including the controller
131. The controller 131 in one or more embodiments is coupled to the signal level detector
(signal level (RXLEV) of desired signal) and the wideband signal detector (wideband signal
level) and configured and arranged to provide one or more AGC signals (see signals at 107,
116) to the receiver to establish a gain setting for the receiver, i.e., gain setting for the RF
amplifier and IF amplifier. In doing so, an initial AGC setting for the receiver is based on the
signal level and is established or set without regard to the wideband signal detector, etc.
Then, the controller is further configured to adjust the initial AGC setting to provide an
adjusted AGC setting for the receiver, e.g., if or whenever the interfering signal is not present
or judged to not be present or is a lower level interferer.
[0024] The adjusted AGC setting typically increases the gain of the RF Amplifier 105 or IF
Amplifier 115 or the gain they would have been set to if an interfering signal was present or
was assumed to be present and doing the gain adjustment or increase will result is increasing
the signal to noise at the output of the receiver in some ranges of desired signal level.
Increase in signal to noise can result in lower error rates and better quality or higher data rate
communications links. Thus, the controller can be further configured to adjust the initial
AGC setting by providing the AGC signals such that the gain of one or more amplifiers in the
receiver is increased, e.g., when the interfering signal is not present or is not too large. More
specifically in some embodiments, as will be further described below, the controller is further
configured to adjust the initial AGC setting by providing the AGC signals such that the gain
of one or more amplifiers in the receiver is increased by an amount that depends on the
wideband signal level, i.e., level of interfering signal. In some embodiments, the interfering
or wideband signal detector is only operational or only utilized when the first signal strength
is within a predetermined range, i.¢., a range of desired signal where an adjusted AGC setting
would yield an improved signal to noise or the like.
[0025] In embodiments of the AGC system that further comprise a memory, the controller
6
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can be coupled to the memory and configured to store the adjusted AGC setting in the
memory indexed or along with a corresponding channel frequency or channel identifier (ID).
Then, whenever the receiver is retuned to a channel or channel frequency corresponding to the
desired signal and the AGC setting that was stored in memory, the controller can be
configured for accessing the memory and applying the adjusted AGC setting to the receiver
while it is tuned to that channel frequency. From FIG. 1 it is evident that a control line, ¢.g.,
RF frequency control line, from the modem to the frequency synthesizer is also coupled to the
AGC controller 131. This insures that the controller can know or determine the frequency
that the receiver is tuned to as and when required. Hence, when the receiver is a frequency
hopping receiver or is operating in a frequency hopping mode, i.e., where the receiver is tuned
to a multiplicity of channels or frequencies in accordance with a predetermined and known
pattern, the controller is or can be configured such that a corresponding multiplicity of AGC
settings are stored in the memory and respectively associated with the multiplicity of
channels. Then as each channel or channel frequency is retuned to or accessed by the
receiver, the corresponding AGC setting can be recalled and applied to the receiver.

[0026] Furthermore in some embodiments the controller is further configured to revert to
the initial AGC setting at any time the interfering signal detector determines that the
interfering signal is present. This allows the receiver to revert to appropriate gains in the
present of an interfering signal. It will be appreciated that interfering signals will come and
go as other communication links or paths are added or dropped by other receivers and
transmitters. Furthermore, when the receiver is operating in a frequency hopped mode, it may
experience interfering signals on some frequencies and not on others or at some times on
some frequencies and not other times. As will be appreciated, this is the result of the pseudo
random nature of the frequency hopping patterns for different transmitters and receivers that
are sharing the same frequency band and resources. In some embodiments, the controller is
further configured to progressively adjust the initial AGC setting with incremental
adjustments occurring as the receiver is repetitively retuned to a channel corresponding to the
desired signal and so long as an interfering signal is not present. In this manner the controller
can make, e.g., a 6 dB adjustment in the AGC setting as a series of: three 2 dB adjustments;
six 1 dB adjustments; a 3 dB, followed by a 2 dB, followed by a 1 dB adjustment for a total
adjustment of 6 dB; etc. Various other patterns or progressions can be followed, where the
patterns can be selected in view of the responsiveness of the AGC adjustments resulting from
an interfering signal that is either newly discovered or has gone away.

[0027] Thus in summary, FIG. 1 shows a receiver system configured for improved signal
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to noise, the receiver system comprising, in one or more embodiments: a Global System for
Mobile Enhanced Data Rate (EDGE) receiver including a plurality of variable gain
amplifiers; a signal level detector for determining a signal level for a desired signal; a
wideband signal detector for determining whether an interfering signal is present or how large
the interfering signal may be; and a controller coupled to the signal level detector and the
interfering signal detector and configured to provide an AGC signal to each of the plurality of
variable gain amplifiers to establish a gain setting for the receiver, wherein an initial AGC
setting for the receiver is based on the signal level, and wherein the controller is further
configured to adjust the initial AGC setting to provide an adjusted AGC setting for the
receiver, ¢.g., if the interfering signal is not present or is not large and if the signal level is
within a predetermined range, the adjusted AGC setting increasing the signal to noise of the
EDGE receiver.

[0028] The receiver system can further include or comprise a memory and wherein the
EDGE receiver is operable to receive the desired signal in accordance with a frequency
hopped protocol wherein an adjusted AGC setting corresponding to each of a plurality of
frequencies is stored in the memory and used as the EDGE receiver is retuned to each of the
plurality of frequencies. In various embodiments, the controller is or can be further
configured to provide a final AGC setting for a given operating frequency of the receiver by
progressively adjusting, as the receiver is repetitively tuned to the given operating frequency,
a present AGC setting through a series of adjustments to provide the final AGC setting.
[0029] Referring to FIG. 2, a representative diagram that illustrates signal to noise loss due
to AGC setting in accordance with one or more embodiments will be briefly discussed and
described. FIG. 2 shows a input level of a desired signal 201 or on channel signal on the
horizontal axis and signal to noise 203 on the vertical axis. The input signal level or desired
signal level is shown separated into 3 ranges; range 1 205, range 2 207, and range 3 209. FIG.
2 shows a required signal to noise 211 and various break points as depicted. It will be
appreciated that signal to noise or signal to noise ratio refers to the signal level divided by the
noise level. The signal to noise level reflected in FIG. 2 is the signal to noise level where the
noise is generally white Gaussian noise that is contributed by one or more of the functional
elements of the receiver, ¢.g., RF amplifier, mixer, IF amplifier, and the like.

[0030] Additionally depicted, is a signal to noise plot 213 for one receiver embodiment,
wherein the AGC setting or attenuation is performed in accordance with a presumption that a
worst case interfering signal is present, i.e., the maximum amount of gain reduction is applied.
The maximum amount of gain reduction is applied to be certain that the interfering signal or

8
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interferer does not result in overloading (blocking) one or more stages (typically the RF
amplifier, or analog to digital converters are the most sensitive to interferers) in the receiver.
For this reason the interferers are sometimes referred to as blockers or blocking signals. As
shown the signal to noise takes various steps as the ranges change with the signal to noise
actually falling below the required signal to noise over the input or desired signal level range
of -84 to — 80.5 and with signal to noise degradations for input levels exceeding -87 dBm.
Further shown is a curve of signal to noise without AGC cutbacks 215 and it is observed that
as much as 4.5 dB loss or reduction 217 in signal to noise occurs due to AGC settings that
assume worst case interferer signal levels. One or more embodiments herein seek to approach
the signal to noise curve without AGC cutbacks 215 as long as actual interfering signal levels
allow for it.

[0031] Referring to FIG. 3, a representative diagram of a flow chart showing one or more
methods of increasing signal to noise in a receiver in accordance with one or more
embodiments will be discussed and described. The FIG. 3 flow chart begins with receiver
warm up. It is understood that the receiver or AGC system has gone through a cold start, i.c.,
the receiver has been enabled and any AGC adjustments have been set to “0” and any channel
frequency or channel identifiers have been zeroed out in memory. After the cold start, in one
or more embodiments, the receiver will operate in accordance with GSM EDGE second
generation protocols wherein information is transmitted over the channel or air interface in
bursts. Each burst is comprised of a 28 micro second warm up or start up period followed by
543 micro seconds of data and then a 28 micro second turn off time or period. Eight bursts
are included in each frame and usually a receiver is assigned a burst although sometimes as is
known a receiver will be assigned multiple bursts or slots within a frame. A receiver will
receive a multiplicity of bursts over successive frames. Each of the bursts will be on an
assigned channel frequency. If the receiver is operating in a hopping mode the actual
frequency for each frame or burst may vary in a predetermined manner or in accordance with
a known pattern. Thus the receiver, e.g., AGC controller, etc. during a warm up time for a
burst will read 301 the signal level of the desired signal (RXLEV) along with channel
frequency (converted to channel ID) and other GRS information/commands, which are
provided by the modem. The method starts with obtaining a signal strength that is based on a
signal level for a desired signal, i.e., RXLEV. As noted carlier RXLEV is often obtained or
determined during a given burst and applied or used in the immediately subsequent burst.
[0032] Asshown the RXLEV or signal level for the desired signal is tested to see whether
it lies within a predetermined range 303. If not, the wideband or interferer detector is not

9
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utilized or enabled 305 and the AGC is set in accordance with the signal level of the desired
signal (see FIG. 6) and the method waits for the next frame 306, i.c., starts again at the next
frame. If the signal level is within the predetermined or known range (-74 to -87 dBm), the
wideband or interfering signal detector is turned on at the end of the warm up period (28
micro seconds into a burst) (see 318). A check is also performed to determine whether the
present channel ID (from 301) is in the memory 309. If the channel does exist in memory the
present AGC backoff count or vector from memory is used to set the receiver AGC for this
particular channel frequency or ID and frame 311.
[0033] The AGC backoff vector in one or more embodiments is a 4 bit portion of a data
vector along with a 10 bit channel ID field that is used to store information in the memory.
The 4 bit portion allows one of as many as 16 AGC backoff counts to be specified. In one
embodiment 5 backoff values have been defined and thus a given backoff count or vector will
be translated or mapped into backoff values 0, 1, 2, 3, or 4, with 0 representing no backoff and
4 representing the maximum amount of AGC backoff. An AGC backoff count between 0-15
is defined as or is mapped to one of 5 AGC backoff values (where each AGC backoff value
defines an AGC setting for the RF amplifier and IF amplifier) as follows:

backoff count of 0-7 is a backoff value of 0’

backoff count of 8-9 is a backoff value of 1;

backoff count of 10-11 is a backoff value of 2;

backoff count of 12-13 is a backoff value of 3; and

backoff count of 14-15 is a backoff value of 4.
By using the counts from 0-15 or the like, a practitioner can set an amount of delay that will
be experienced prior to AGC backoffs being applied or the relative aggressiveness of AGC
backoffs or reassertions of the initial AGC values, i.¢., 0-3 rather than 0-7 would represent
less delay and so forth. These concepts will become evident with the discussions of FIG 4A
and 4B below.
[0034] Asillustrated in FIG. 6, the AGC backoff is a function of the signal level of the
desired or on channel signal. For example, Backoff 1 601 specifies different RF AGC 603
settings for signal levels between -87 and -84 dBm versus -84 and -74 dBm, respectively, 0.0
dB versus 1.87 dB. Each of the backoffs 0 through 4 define AGC settings for at least two
levels of the desired signal. FIG. 6 also illustrates different settings (setting 1 605 and setting
2 607) for IF AGC, where these settings can represent varying gains or tolerances in an
integrated circuit embodiment. Additional settings can be defined as needed.
[0035] Backoff or AGC backoff as used herein means that the AGC setting (amount of
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gain reduction) for the RF amplifier or IF amplifier is backed off or reduced (gain reduction is
less and thus gains are more) from the AGC setting that would be used if a worst case
interferer were present or assumed to be present. As one example, at -87dBm the AGC
indicated for a worst case interferer shows a reduction of approximately 8 dB of gain with
approximately 2 dB reduction from the RF amplifier and 6 dB from the IF amplifier. See
FIG. 6, Default or Backoff 0 609 and corresponding gain reductions or AGC settings for the
RF AGC 603 and IF AGC, setting 2 607 as compared to the same for a signal level less than -
87 dBm (sub range 1, 611). If there is no interferer or if the interferer is not overly large there
may be no need for any gain reduction at this desired signal level and thus the AGC backoff
in this example would be approximately 2 dB (1.87 dB compare values at 603)) for the RF
amplifier and approximately 6 dB (12.4 — 6.2 dB, compare values at 607) for the IF amplifier.
It will be appreciated that experimentation by one of rudimentary skill can be utilized to
appropriately define the backoff values or settings and distribution between the RF amplifier
and IF amplifier so as to provide the optimum signal to noise improvements and interferer
protection for a given receiver embodiment, etc. As was noted above, one or more
embodiments of the receiver system of FIG. 1 is as an integrated circuit. It will be
appreciated that the appropriate backoff value or setting can also vary with process or
fabrication tolerances and the like and thus may be used to compensate for process tolerances
(see, e.g., 606, 607).
[0036] Referring again to FIG. 3, if the channel ID is not in memorys, it is determined
whether there is any space in memory 313. If there is space, the first available blank memory
location is used and loaded with the present channel ID and a default backoff count (0000)
315, which means no AGC adjustment or backoff is made and thus only the signal level,
RXLEYV, is utilized to set the AGC levels for the receiver, i.e., in accordance with FIG. 6. If
no space is available, a space is selected in memory and overwritten with the present channel
ID and the default backoff count or vector (0000) and this count is used to set the receiver
AGC 317. One may choose to overwrite the last memory location that was recently used or
the oldest unused slot or some other selection criteria. It should be noted that after 311, 315,
or 317, the wideband detector is enabled after the warm up time 318 and is disabled at the end
of the data time period, i.e., 28 plus 543 micro seconds into a burst, for the present burst and
an output sample (wideband signal level) is provided 319 (see FIG. 4A), where this sample is
denoted P ADC_dBm_ave. This sample or wideband signal level is tested and used as will
be explained with reference to FIG. 4.
[0037] Referring to FIG. 4A and FIG. 4B (collectively referred to as FIG. 4), a
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representative diagram of a flow chart showing one or more methods of increasing signal to
noise by adjusting AGC in a receiver in accordance with one or more embodiments will be
discussed and described. FIG. 4 illustrates one embodiment of how the backoff count or
vector is changed given the P ADC _dBm_ave from 319. It will be appreciated that the
backoff is changed only after a given slot or slots or frame and thus will impact the next slot
or frame, if at all. The particular dB levels shown in FIG. 4 were selected based on an ADC
clipping value at the input of +10 dBm and these values are referenced to the input of the
ADC. Basically FIG. 4 shows determining a range for the wideband signal level and then
taking varying actions based on that determination.

[0038] The method of FIG. 4 starts by determining whether P ADC dBm_ave exceeds +6
dBm 421. If so this is quite likely the result of a strong interfering signal and 423 shows
setting the backoff count or vector to (0000) and waiting for the next frame 425, i.e., “0”
backoff and the AGC setting is determined from the desired signal level only, which
essentially assumes a worst case interfering signal. Thus the method shows reverting to the
initial AGC setting at any time the interfering signal is present or clearly present. If 421 is
“NO”, the method determines whether P ADC _dBm_ave is within the +6dBm to 0 dBm
range 427 and if so the backoff count is reduced by M1 429 for the particular channel with the
resultant backoff count limited to 0-15 431 as appropriate and the next frame is awaited
wherein the newly formed backoff count will be used as appropriate. M1 is a programmable
value with some embodiments using a default value of 3.

[0039] If the result of 427 is “NO”, the method determines whether P ADC _dBm_ave is
between 0 dBm and -6 dBm 435 and if so the backoff count is reduced by M2 437 for the
particular channel with the resultant count limited 439 as appropriate and the next frame is
awaited 441. M2 is selectable in one embodiment with a default value equal to 2. If the result
of 435 is “NO”, the method determines whether P ADC _dBm_ave is between -6 dBm and -
12 dBm 443 and if so the backoff count is reduced by M3 445 for the particular channel with
the resultant count limited 447 as appropriate and the next frame is awaited 449. M1 is
selectable in one embodiment with a default value equal to 1.  If the result of 443 is “NO”,
the method knows that P ADC_dBm_ave is less that -12 dBm 443 and the backoff count is
increased by “1” 453 for the particular channel with the resultant count limited 455 as
appropriate and the next frame is awaited 457. If an increase rate that is greater than 1 is
preferred it can be used although that will increase the rate of backing off from the AGC
setting that is based on desired signal level. FIG. 3 and FIG. 4 are repeated for each frame
and generally the information collected during one frame is used to set the AGC for the
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following frame. It will be appreciated that by selecting the counts that are translated to AGC
backoff values as well as step sizes M3, M2,M1, etc., the relative responsiveness of the AGC
system can be tailored or selected as desired. Larger step sizes (M3, M2, M1) suggest the
AGC backoff count will be reduced faster (gains are reduced faster) for a give wideband
signal level. A larger backoff count prior to an initial AGC backoff (or gain increase) will
add delay before a gain increase after the wideband signal disappears, etc.

[0040] Thus FIG. 3 and FIG. 4 have illustrated one or more embodiments of a method for
increasing signal to noise in a receiver wherein the method can be performed by the apparatus
illustrated in FIG. 1 or other appropriately arranged and configured apparatus. As a review
the methods include obtaining a first signal strength that is based on a signal level for a
desired signal 301, establishing an initial automatic gain control (AGC) setting for the
receiver based on the first signal strength 311, 315, 317 (show 0 backoff); obtaining a second
signal strength, P ADC _dBm_ave, 307, 319 that is based on a wideband signal and is
indicative of an interfering signal being present, the wideband signal including the desired
signal; and adjusting the initial AGC setting based on the second signal strength to provide an
adjusted AGC setting for the receiver, thereby increasing the signal to noise. FIG. 4 adjusts
the backoff counts which are used to establish the AGC settings or signals for subsequent
frames or bursts.

[0041] In some embodiments, the adjusting the initial AGC setting further comprises
cutting back the amount of AGC and thus increasing a receiver gain when the interfering
signal is not present, see ¢.g. 453 where backoff count is increased thereby reducing the
amount of AGC and increasing receiver gains when the interfering signal is not present or if
present very small. As is evident from the FIG. 4 discussions, the adjusting the initial AGC
setting further comprises cutting back the amount of AGC by an amount that depends on the
second signal level for the wideband signal. Furthermore, in some embodiments obtaining the
second signal strength is responsive to the first signal strength and the obtaining a second
signal strength is only undertaken when the first signal strength is within a predetermined
range, ¢.g., RXLEV is within a range 303, 305.

[0042] The method in some embodiments comprises identifying a channel for the desired
signal 301 and storing the adjusted AGC setting FIG. 4 and the channel in a memory 315, 317
and whenever the receiver is retuned to the channel, accessing the memory and applying the
adjusted AGC setting to the receiver 311. When the receiver is a frequency hopping receiver
that is tuned to a multiplicity of channels and a corresponding multiplicity of AGC settings
are respectively stored together with the multiplicity of channels as indicated via FIG. 3 along
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with FIG. 4 repetitively applied. The method of these FIGs comprises progressively adjusting
the initial AGC setting with incremental adjustments occurring as the receiver is repetitively
retuned to a channel or channel frequency as discussed above with reference to FIG. 3 and
FIG. 4.

[0043] The AGC system and corresponding methods discussed above can use a controller
that is further configured to progressively adjust a backoff count as the receiver is repetitively
retuned to a channel and use the backoff count to determine each of the incremental
adjustments, wherein a given incremental adjustment is determined for a first or current
tuning or trip to the channel and is applied to provide the adjusted AGC setting for a
subsequent tuning or trip to the channel. The AGC system of claim 18 wherein the controller
is further configured to progressively adjust the backoff count by a step size that depends on
the wideband signal level with a large wideband signal level (indicating large interferer)
resulting in a large step size for reducing the backoff count and correspondingly the gain
settings, i.¢., increasing the AGC settings. Similarly a smaller wideband signal results in
smaller stepped reductions used or when a very small wideband signal is present the backoff
counts can be increased.

[0044] Referring to FIG. 5, a representative block diagram of a wideband signal level
detector in accordance with one or more embodiments will be briefly discussed and described.
FIG. 5 illustrates one embodiment of a wideband signal detector with various functions all
intercoupled as depicted. FIG. 5 shows an ADC 104 (see e.g., 117) operating at a sampling
rate of 104 MHz with an output coupled to an integrator and down sampler 503, which selects
every 3" sample and provides samples at 34.667 MHz. These are applied to a further down
sampler (by 2) and low pass filter (often referred to as a half band filter) 505, which provides
filtered samples at 17.333 MHz. The filtered samples are coupled to a high pass filter 507,
which operates to reduce low frequency components and enhance higher frequency
components of its input. The high pass filter is coupled to a power estimator 509 which forms
a sum of squares of the in phase and quadrature components at its input. This power estimate
is converted to dBm at dB convertor 511. The dBm convertor uses the formula shown, where
X1 is a constant that can be used for calibration purposes such that a known signal level
provides a known output level from the wideband signal or signal level detector. The output
of the dBm convertor is shown as coupled to switch 513. The switch is used to illustrate that
the wideband signal detector is enabled after the warm up time period, i.e., 28 micro seconds
into a burst. The output of the switch is coupled to a low pass filter 515, which averages the
output from the switch over the 543 micro second data time. One sample is provided at 28 +
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543 = 571 micro seconds after the beginning of a burst Tsignal where this sample is denoted
as P ADC dBm_ave in FIG. 3 and 4.

[0045] The processes, apparatus, and systems, discussed above, and the inventive
principles thereof are intended to and can alleviate reduced signal to noise issues caused by
prior art techniques. Using these principles of reducing the amount of AGC that is used given
an assumption of a worst case interferer can quickly yield an accurate and appropriate AGC
setting with relatively minimal costs and the like.

[0046] This disclosure is intended to explain how to fashion and use various embodiments
in accordance with the invention rather than to limit the true, intended, and fair scope and
spirit thereof. The foregoing description is not intended to be exhaustive or to limit the
invention to the precise form disclosed. Modifications or variations are possible in light of the
above teachings. The embodiment(s) was chosen and described to provide the best illustration
of the principles of the invention and its practical application, and to enable one of ordinary
skill in the art to utilize the invention in various embodiments and with various modifications
as are suited to the particular use contemplated. All such modifications and variations are
within the scope of the invention as determined by the appended claims, as may be amended
during the pendency of this application for patent, and all equivalents thereof, when
interpreted in accordance with the breadth to which they are fairly, legally, and equitably
entitled.
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CLAIMS

What is claimed is:

1. A method of increasing signal to noise in a receiver, the method comprising:
obtaining a first signal strength that is based on a signal level for a desired signal;
establishing an initial automatic gain control (AGC) setting for the receiver based on

the first signal strength;
obtaining a second signal strength that is based on a wideband signal and is indicative

of an interfering signal being present, the wideband signal including the desired signal; and
adjusting the initial AGC setting based on the second signal strength to provide an

adjusted AGC setting for the receiver, to increase the signal to noise of the desired signal.

2. The method of claim 1 wherein the adjusting the initial AGC setting further comprises
cutting back the amount of AGC and thus increasing a receiver gain when the interfering

signal is not present.

3. The method of claim 1 wherein the adjusting the initial AGC setting further comprises
cutting back the amount of AGC by an amount that depends on the second signal strength for

the wideband signal.

4. The method of claim 1 wherein the obtaining the second signal strength is responsive

to the first signal strength.

5. The method of claim 4 wherein the obtaining the second signal strength is only

undertaken when the first signal strength is within a predetermined range.
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6. The method of claim 1 further comprising identifying a channel for the desired signal
and storing the adjusted AGC setting and the channel in a memory and whenever the receiver
is retuned to the channel, accessing the memory and applying the adjusted AGC setting to the

receiver.

7. The method of claim 6 wherein the receiver is a frequency hopping receiver that is
tuned to a multiplicity of channels and wherein a corresponding multiplicity of AGC settings

are respectively stored together with the multiplicity of channels.

8. The method of claim 6 further comprising reverting to the initial AGC setting at any

time the interfering signal is present.

9. The method of claim 6 further comprising progressively adjusting the initial AGC

setting with incremental adjustments occurring as the receiver is repetitively retuned to the

channel.
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10.  An automatic gain control (AGC) system configured to increase signal to noise in a
receiver, the AGC system comprising:

a signal level detector for determining a signal level for a desired signal;

a wideband signal detector for determining a wideband signal level of a wideband
signal, the wideband signal including the desired signal and being indicative of an interfering
signal being present; and

a controller coupled to the signal level detector and the wideband signal detector and
configured to provide one or more AGC signals to the receiver to establish a gain setting for
the receiver, wherein an initial AGC setting for the receiver is based on the signal level, the
controller further configured to adjust the initial AGC setting based on the wideband signal

level to provide an adjusted AGC setting for the receiver, the adjusted AGC setting increasing

signal to noise_for the desired signal.

11.  The AGC system of claim 10 wherein the controller is further configured to adjust the
initial AGC setting by providing the AGC signals such that the gain of one or more amplifiers

in the receiver is increased when the interfering signal is not present.

12. The AGC system of claim 10 wherein the controller is further configured to adjust the

initial AGC setting by providing the AGC signals such that the gain of one or more amplifiers

in the receiver is increased by an amount that depends on the wideband signal level.

13.  The AGC system of claim 10 wherein the wideband signal detector is only operational

when the first signal strength is within a predetermined range.
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14.  The AGC system of claim 10 further comprising a memory and wherein the controller
is coupled to the memory and configured to store the adjusted AGC setting in the memory and
whenever the receiver is retuned to a channel corresponding to the desired signal, accessing

the memory and applying the adjusted AGC setting to the receiver.

15. The AGC system of claim 14 wherein the receiver is a frequency hopping receiver that
is tuned to a multiplicity of channels and wherein the controller is configured such that a
corresponding multiplicity of AGC settings are stored in the memory and respectively

associated with the multiplicity of channels.

16.  The AGC system of claim 14 wherein the controller is further configured to revert to
the initial AGC setting at any time the interfering signal detector determines that the

interfering signal is present.

17.  The AGC system of claim 10 wherein the controller is further configured to
progressively adjust the initial AGC setting with incremental adjustments occurring as the

receiver is repetitively retuned to a channel corresponding to the desired signal.

18.  The AGC system of claim 17 wherein the controller is further configured to
progressively adjust a backoff count as the receiver is repetitively retuned to a channel and
use the backoff count to determine each of the incremental adjustments, wherein a given
incremental adjustment is determined for a first tuning to the channel and 1is applied to

provide the adjusted AGC setting for a subsequent tuning to the channel.
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19.  The AGC system of claim 18 wherein the controller is further configured to
progressively adjust the backoff count by a step size that depends on the wideband signal

level.

20. A receiver system configured for improved signal to noise comprising:

a Global System for Mobile Enhanced Data Rate (EDGE) receiver including a
plurality of variable gain amplifiers;

a signal level detector for determining a signal level for a desired signal;

a wideband signal detector for determining a wideband signal level that is indicative of
whether an interfering signal is present; and

a controller coupled to the signal level detector and the wideband signal detector and
configured to provide an AGC signal to each of the plurality of variable gain amplifiers to
establish a gain setting for the receiver, wherein an initial AGC setting for the receiver is
based on the signal level, and wherein the controller is further configured to adjust the initial
AGC setting to provide an adjusted AGC setting for the receiver based on the wideband signal
level if the signal level is within a predetermined range, the adjusted AGC setting increasing

the signal to noise for the desired signal in the EDGE receiver.

21.  The receiver system of claim 20 further comprising a memory and wherein the EDGE
receiver is operable to receive the desired signal in accordance with a frequency hopped
protocol wherein an adjusted AGC setting corresponding to each of a plurality of frequencies
is stored in the memory and used as the EDGE receiver is retuned to each of the plurality of

frequencies.
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22.  The receiver system of claim 20 wherein the controller is further configured to provide
a final AGC setting for a given operating frequency of the receiver by progressively adjusting,
as the receiver is repetitively retuned to the given operating frequency, a present AGC setting

through a series of adjustments to provide the final AGC setting.

21



PCT/US2010/041187

WO 2011/005843

1/7

ND.\_ AJONIN

_ |
_ ANVANOD ATTXY AOMWQOO |
|
| | AN _
T04INOD AININDIYS 44 ¥IAITOWY |
! TTRETE N BN,
_ TYNIIS _
| 6C1— INTYIHILNT |
(NVE 30IM A |
| X 9 |~gy |
40103130] | [zmmo; 1
IHET < 1 WIIIM0 |
0L 90T¥NY
“ - L7 e /01 _
_ »hw*ﬁHmmrum xpﬁ%ﬂwmwl IZISIHINAS | EIRIERET
o I o L1910 AININD34 _ ONY HOLIMS
WIQON ] w3 YyINIIOH 401YTI950 4mmw“ N u>Hu0um\HH§mJ«wwﬁ
_ _ Y3LYIANOD ) |
< - < WLI9I0 X |
| | o 901 " _ ]
717 a7 611~ e, Gl |
Lo _ LWl WIUVWIINT 4MIPW 0 L



PCT/US2010/041187

WO 2011/005843

2/

€L-

V-
_

G-
_

9.~
_

LL-
_

8- 6[- 08-
L1

[wgp] 13AT1 LNdNT Q3¥ISIA

18-
_

(8-
_

(8-
_

8-
_

8-
_

98-
_

(8-
_

88-
_

68-
_

06-
_

16-
_

(6-
_

£6-

_
Nﬁvm\\\

-l

-

¢ I9NVY 90V
607

T INVY 90V TN I,
207’

le

N

Goc¢

)

£0¢

[4p]
UNS
KELYENEN



PCT/US2010/041187

37

WO 2011/005843

LY NO 40193130 ONVE J0IM Nanl

L3

msm/\_ JNIL dN-WaYM JHL 40 NI 3HL

|
99V YIAIII JHL L3S 0L LNNOJ 440XIv4
Q3HOLYW 3sn [0000] 0L INNOJ 440%0vE
09Y ¥3ATI03Y ML 135 0L ([0000]) INNOD QIHILYW 3FHL L3S "438NAN QI TINNVHI
Glo_ 140X0v8 11nv430 QIHOLVIN 3SN "H3ENAN INIYND HIIM (03Sn ATINIDFY SYM
(T T3NNVHD IN3F¥¥ND JHL Qv01 OL LYHL INO HL 4314V ATILYIQINAI)
NOILYJOT MNVIE 1GVIIVAY L1SHI4 3HL 3SN NOILYJ01 LXIN 3HL IV1d
» ¢NOILYI01 » N,
S SSIYAAY MNYI8 NILS o

| J3HL SI

TINNVHD 9vINDILavd JHL 804
I 29V ¥IATIOI L L3S 0L VIVC
40103A INNOD 140M0¥8 QIHOLYA HL 35N
] S ANONIN
S3A ZH;QMH%_%QZZMHIQ
e G “or
YIANIN QI TINNVHO OL L3ANOD Lsdnd
A 40103130 493 I0IINT TLINK/LSHNG LNIAND 04 ‘N3O WOMJ
50¢ NV J0IM %m: LON 00 SONYANOD SH9 8 ONV NOJUY “ATIXY @m_
108

ON (07 L8-<AIY=<0"¥L-

S g

LavIS



PCT/US2010/041187

WO 2011/005843

417

£ey (N3

va\_ JONVY INNOD 440XV LININ

+
‘N AG TINNVHO ¥YINOTLYYd 3HL ¥04
6Cv

INIYA INNOJ 440XIvE LIVHLENS

{

Ger (N3

SIA

'10000] 0L (SSIMAQY) TINNVHD ¥YINDILYVd
£ 4L 404 INTVA MIINNOD 140MOVE 13S

{

- & -
wgp 9+<eAD Wgp a4y d
NI

S3A
Ly

9AD WGP JMY d JTdAVS
6IS INdLNO ANV VIVQ 3HL 40 ONI 3HL
LV 40193130 QWYE 3J0IM 3HL 440 NNl




PCT/US2010/041187

WO 2011/005843

5/7

&

/C¥ (N7

mmv(_ JONVY INNOJ 4140X0vE LIAIN

3

L_ TINNYHO ¥V INOILYYd JHL 404
£Gy INIVA _INNOJ 440%JvE JHL 01 | QdV

3

6y L ) jop] 20" UWGp QY d<rugp 7)-

JONVY INNOJ 4140X0vE LIAIN

3

‘CN A9 TINNYHO ¥YINOILYYd 3FHL 404
INTYA INNOI 4404I¥8 LIVYLANS

1

44 N3

B
Wgp 7l-<oAo wgp Qv d<wgp 9-
SI

SiA
£vy

JONVY INNOD 440XIYE LINIT

3

:ON AG TINNYHD ¥YINDILYYd 3IHL 404
INIVA INNOJ 140XIVE LIVYLENS

1

SiA




PCT/US2010/041187

WO 2011/005843

6/7

038N |/G+pubis =)
LV 31dNYS 1ndLN0 3NO

!

cic thA%&Amw<m

LIS

:mfe%éo_oa 0] Ix=tgp ()4

U)ot 4 (v)1=(v)d
MOLYNILST ¥INOd
606”7

¥431114 SSVd Au* ﬂ
HOTH 4

431114

ONISYIV-TINY

/06

606

QKWAwmw

¢4 (z)oH
EINIE

INIdVHS 3ISION

\¢0g

43143ANOD

WV1I9IQ 0L J0TVNY

“106



PCT/US2010/041187

WO 2011/005843

T

£09—

G09

£09

09°8! 086 | 1967 | 06~ |06C<] ¢
09°8! 086 | 9z | 062 |oe<| g
05l 009 | vro | oeh- |ors<| g
077l e PG | 06 | 09L=< y \m%
07l 0r'e wy | ove- |ove<| o¢ !
0r'el 0r'e 81 | ovs- [os<| oz, LM
0r'el 0r'e o1 | o |ove<| ¢
07l 0l vo0 | ovs- |os<| ] BN
077l org 00| 0vi- [ove=<| gTe [}, o 109
0e'6 000 | 000 |0¥8- |08<| ¢
0e'6 000 | 000 | 0%L- |0w8<| ¢¢
079 000 | 000 | ore- [os<| ¢z]]|" PO
079 000 | 000 | 0%l |0¥8<| ¢V
079 000 | 000 | ove- |os<| g gv || HONW
079 000 | 000 | 0°L8- HEN

[ 7 ONILLIS | ¢ ONILLTS, - 0L | KOYJ [39NVY 8nS| ) g
gp] 09¥ dNY I [wap] J9NVY LNdNI
@] WV 1 Jyngs Iy aaIsaa

\ T8yl 29y
\



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings

