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(57) ABSTRACT

A wireless receiver receives a desired wireless signal and
then detects self-sourced intermodulation products other
than with respect to the desired wireless signal to provide
corresponding detected results. The wireless receiver then
uses these detected results to control gain as corresponds to
the desired wireless signal.
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METHOD AND APPARATUS TO FACILITATE
USE OF INTERMODULATION PRODUCT
RESULTS TO CONTROL GAIN FOR A
RECEIVED WIRELESS SIGNAL

TECHNICAL FIELD

[0001] This invention relates generally to controlling gain
as corresponds to reception of a desired wireless signal.

BACKGROUND

[0002] Wireless receivers of various kinds are known in
the art. In many cases such a receiver will have one or more
automatic gain control (AGC) functions associated with one
or more amplifiers in the receiver, to facilitate controlling an
amount of gain as is applied with respect to a desired
received wireless signal. Such may be the case, for example,
in a wideband receiver to thereby attempt to optimize the
performance of the receiver in the presence of strong inter-
fering signals.

[0003] By one prior approach, a separate wideband AGC
circuit could be employed to protect the LNA (Low Noise
Amplifier) and mixer from radio frequency signal overload
even when also employing wideband radio frequency filter-
ing. More recently, teachings exist that it may be preferable
to cease using AGC capabilities when a very strong undes-
ired signal appears contemporaneously with a weak desired
signal. Although this permits the LNA and/or mixer to
potentially overload, this approach also tends to assure some
minimal level of performance. In such a case, poor quality
of service (due to overloading of the LNA and/or mixer)
seems preferable to no quality of service (due to inappro-
priate ranging of the AGC in response to the presence of the
strong undesired signal).

[0004] Such a compromise, while potentially suitable for
some application settings, nevertheless leaves much to be
desired. While poor service may serve better than no service,
there can be application settings where “poor” is also
insufficient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The above needs are at least partially met through
provision of the method and apparatus to facilitate use of
intermodulation product results to control gain for a received
wireless signal described in the following detailed descrip-
tion, particularly when studied in conjunction with the
drawings, wherein:

[0006] FIG. 1 comprises a flow diagram as configured in
accordance with various embodiments of the invention;
[0007] FIG. 2 comprises a block diagram as configured in
accordance with various embodiments of the invention; and
[0008] FIG. 3 comprises a block diagram as configured in
accordance with various embodiments of the invention.
[0009] Skilled artisans will appreciate that elements in the
figures are illustrated for simplicity and clarity and have not
necessarily been drawn to scale. For example, the dimen-
sions and/or relative positioning of some of the elements in
the figures may be exaggerated relative to other elements to
help to improve understanding of various embodiments of
the present invention. Also, common but well-understood
elements that are useful or necessary in a commercially
feasible embodiment are often not depicted in order to
facilitate a less obstructed view of these various embodi-
ments of the present invention. It will further be appreciated
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that certain actions and/or steps may be described or
depicted in a particular order of occurrence while those
skilled in the art will understand that such specificity with
respect to sequence is not actually required. It will also be
understood that the terms and expressions used herein have
the ordinary meaning as is accorded to such terms and
expressions with respect to their corresponding respective
areas of inquiry and study except where specific meanings
have otherwise been set forth herein.

DETAILED DESCRIPTION

[0010] Before describing in detail embodiments that are in
accordance with the present invention, it should be observed
that the embodiments reside primarily in combinations of
method steps and apparatus components related to a method
and apparatus to facilitate use of intermodulation product
results to control gain for a received wireless signal. Accord-
ingly, the apparatus components and method steps have been
represented where appropriate by conventional symbols in
the drawings, showing only those specific details that are
pertinent to understanding the embodiments of the present
invention so as not to obscure the disclosure with details that
will be readily apparent to those of ordinary skill in the art
having the benefit of the description herein.

[0011] It will be appreciated that embodiments of the
invention described herein may be comprised of one or more
generic or specialized processors (or “processing devices™)
such as microprocessors, digital signal processors, custom-
ized processors and field programmable gate arrays (FP-
GAs) and unique stored program instructions (including
both software and firmware) that control the one or more
processors to implement, in conjunction with certain non-
processor circuits, some, most, or all of the functions of the
method and apparatus to facilitate use of intermodulation
product results to control gain for a received wireless signal
described herein. The non-processor circuits may include,
but are not limited to, a radio receiver, a radio transmitter
and user input devices. As such, these functions may be
interpreted as steps of a method to perform the use of
intermodulation product results to control gain for a received
wireless signal described herein. Alternatively, some or all
functions could be implemented by a state machine that has
no stored program instructions, or in one or more application
specific integrated circuits (ASICs), in which each function
or some combinations of certain of the functions are imple-
mented as custom logic. Of course, a combination of the two
approaches could be used. Both the state machine and ASIC
are considered herein as a “processing device” for purposes
of the foregoing discussion and claim language.

[0012] Generally speaking, pursuant to these various
embodiments, a wireless receiver receives a desired wireless
signal and then detects self-sourced intermodulation prod-
ucts. The wireless receiver then uses these detected results to
control gain as corresponds to the desired wireless signal.

[0013] These self-sourced intermodulation products can
be detected by direct and/or indirect means. By one
approach such products are detected using more than one
technique, approach, and/or monitored parameter in this
regard. These self-sourced intermodulation products can be
detected by, for example, detecting such products on a
channel other than a channel that carries the desired wireless
signal (where those skilled in the art will recognize and
understand that the expression “channel” represents a vari-
ety of bearer concepts, including, but not limited to, dedi-
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cated or dynamically assigned carrier frequencies, and dedi-
cated or dynamically assigned spreading codes, and so
forth).

[0014] By one approach, these self-sourced intermodula-
tion products are in turn employed to control the adjustment
of one or more automatic gain control (AGC) thresholds.
This can be combined, if desired, with further information
regarding a level of quality as corresponds to the desired
wireless signal itself. For example, a present AGC threshold
setting may be maintained notwithstanding a presence of
self-sourced intermodulation products when a desired level
of quality for the desired wireless signal is also presently
being attained. As another example, a present AGC thresh-
old setting may be adjusted to alter the point at which an
AGC circuit engages in the presence of such self-sourced
intermodulation products when a desired level of quality for
the desired wireless signal is presently not being attained.
[0015] In the usual understanding of receiver-induced
(that is, self sourced and/or self generated) intermodulation
products, the generation of any and all intermodulation
products in a radio receiver system is to be strictly avoided.
For the purposes of understanding the concepts introduced
here, however, intermodulation products can be viewed or
defined as being destructive or non-destructive. In the case
of the former, two or more carrier-based or received energy
terms, whether they be desired modulation terms or undes-
ired adjacent or further-removed radio frequency and / or
intermediate frequency terms, will in fact produce undesired
products in amplifiers that are driven beyond their linear
range. When such terms are within the bearer channel that is
utilized by the radio system, they are termed destructive in
nature since they will interfere with the proper detection and
demodulation of the information on the channel. When the
intermodulation terms generated by non-linear operation of
the intermediate frequency and / or radio frequency ampli-
fier stages in a radio receiver do not fall within the channel
of interest, however, they are considered non-destructive
and their existence is tolerated in a system that employs the
teachings described herein.

[0016] In a conventional receiver system, the automatic
gain control system employed to protect the low noise
amplifier or mixer in the front-end of a receiver or subse-
quent intermediate frequency stages is generally set to
engage at a level at which each of the above-listed stages
will only operate within their linear range. Unfortunately, a
strong undesired signal will cause the system gain to be
reduced, which may also be viewed as attenuation being
introduced into the system due to the action of protecting the
front-end and IF stages. As the strong undesired signal is
reduced in level, the desired weak signal will also be
attenuated (by being reduced in level). This, in turn,
adversely affects the signal to noise performance of the
desired signal.

[0017] At a given point of attenuation, dependant upon the
modulation method employed, the desired signal will be too
weak to properly demodulate. In the disclosed system, the
gain of these stages is not reduced until destructive inter-
modulation distortion is detected. When non-destructive
intermodulation distortion is detected alone, the system will
not reduce the signal to noise ratio, therefore effectively
preserving the quality of the desired signal. The resultant
performance can be a substantial increase in effective
dynamic range of the receiver system, often on the order of
tens of decibels.
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[0018] A distinction can therefore be usefully drawn
between what amounts to destructive intermodulation arti-
facts and non-destructive intermodulation artifacts (wherein
the latter can comprise, for example, intermodulation prod-
ucts that tend to fall outside of a final band of interest prior
to demodulation). By differentiating this information in this
manner, one can avoid permitting an AGC to clamp down
unnecessarily notwithstanding the presence of a relatively
strong interfering signal. In fact, if desired, these teachings
can be employed to permit an AGC threshold to actually be
further released notwithstanding such operational circum-
stances when such an action tends largely to only lead to
intermodulation products that do not actually significantly
impact the desired signal.

[0019] These and other benefits may become clearer upon
making a thorough review and study of the following
detailed description. Referring now to the drawings, and in
particular to FIG. 1, an illustrative process 100 in this regard
will be described. Pursuant to this process 100, a wireless
receiver of choice receives 101 a desired wireless signal.
This wireless receiver then detects 102 whether self-sourced
intermodulation products (other than with respect to the
desired wireless signal) are present (either at all or with
respect to some threshold level of choice).

[0020] By one approach, this detection 102 can comprise
directly detecting the self-sourced intermodulation products
of interest. There are various ways by which this can be
readily accomplished. By one approach, this can comprise
detecting the self-sourced intermodulation products on a
channel other than a channel that carries the desired wireless
signal. As one example in this regard, this can comprise a
channel that is adjacent to the channel that carries the desired
wireless signal (where the aforementioned detection com-
prises, for example, detecting a rate of change of increase of
noise in one or more channels that are adjacent to a channel
that carries the desired wireless signal).

[0021] Inaradio system, as the large signal dynamic range
limit is reached, one or more stages will typically begin to
operate in a non-linear fashion and produce several corre-
sponding products. These include intermodulation terms
(which we wish to detect) as well as cross-modulated noise
products and self-generated noise products (the latter due to
operation of one or more amplifier stages above their
designed amplitude or power limits). Those skilled in the art
of radio frequency and/or intermediate frequency amplifier
design will understand that an amplifier driven into a non-
linear region will contribute an increase in noise and dis-
tortion to the system.

[0022] Such channels can comprise channels such as a
pilot carrier as comprises a part of a multicarrier, such as an
orthogonal frequency division multiplexing (OFDM)
approach or an orthogonal frequency division multiple
access (OFDMA) approach, that bears the desired wireless
signal. As another example, this can comprise an empty
carrier as comprises a part of a multicarrier system such as
OFDM that bears the desired wireless signal.

[0023] In the example of the empty carrier slot, the IM
products will show up as additional noise in the empty
carrier (null carrier) location. A demodulator that utilizes fast
Fourier transform (FFT) to convert the signal from the time
domain to the frequency domain will have energy present in
a so-called FFT “bin” (carrier location) when it should be
substantially void of energy. Differential measurement of the
energy in a null carrier location can be utilized to determine
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an increase in noise at that carrier location. The rate of
change can be used to refine the estimate of intermodulation
products that have been generated and are present in the
system.

[0024] By yet another approach, such detection can com-
prise directly detecting the self-sourced intermodulation
products on a guardband that comprises a part of a channel
that carries the desired wireless signal. The IM products are
detected in the same manner as that utilized for the missing
pilot or carrier location method already discussed. Essen-
tially, energy will be detected at a frequency location where
energy above a predetermined level should not be present.
Guardbands are often utilized in multicarrier as well as
single carrier RF systems to provide protection to adjacent
channel services. These guardbands can be utilized to detect
the generation of intermodulation products much as
described in the empty or null carrier example, above.
[0025] Such concepts and characteristics as adjacent chan-
nels, pilot carriers, multicarriers, empty carriers, and guard-
bands are well known in the art. Furthermore, these present
teachings are not especially sensitive to the selection of any
particular approach in this regard. Therefore, for the sake of
brevity and in the spirit of clarity no further elaboration
regarding such points are presented here.

[0026] This process 100 will also readily accommodate
affecting such detecting 102 via indirect detection of the
self-sourced intermodulation products. Again, there are vari-
ous ways by which such indirect detection can be accom-
plished. By one approach, this can comprise assessing the
quality of the desired wireless signal itself. By another
approach this can comprise assessing a bit error rate as
corresponds to the desired wireless signal and comparing
that bit error rate against expected bit error rate performance
for a given corresponding signal strength. As yet another
approach, this can comprise detecting a rate of change as
corresponds to a modulation envelope as corresponds to the
desired wireless signal (in a setting where modulated enve-
lopes comprise at least a part of the information bearing
transmitted content as in a quadrature amplitude modula-
tion-based system). The rate of change will be different in
the case of an IM product as opposed to co-channel inter-
ference.

[0027] Other possibilities for indirectly detecting such
products exist as well. For example, such indirect detection
can be based upon one or more of inter-symbol interference
levels, which may be indirectly inferred from bit error rate
or detected by other means, a rate of change of noise on a
given pilot carrier, and/or errors on known symbols. Again,
such concepts are, in and of themselves, well understood in
the art and require no further description here.

[0028] In many application settings it may be useful to
effect such detection 102 using more than one category or
kind of approach to detection. This can comprise using more
than one kind of approach to directly detecting self-sourced
intermodulation products, more than one kind of approach to
indirectly detecting such products, or a mixture of direct and
indirect approaches for detecting such self-sourced inter-
modulation products.

[0029] This process 100 then provides for using 103 the
detected results to control gain as corresponds to the desired
wireless signal. By one approach, for example, this can
comprise adjusting an AGC threshold for one or more AGC
functions in the receiver (and particularly prior to demodu-
lation). If desired, such usage 103 can also take into account
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a measure of a level of quality as corresponds to the desired
wireless signal itself (such as, but not limited to, bit error
rate, signal to noise ratio, and so forth). So configured, for
example, this usage 103 can comprise maintaining a present
AGC threshold when the detected results indicate a presence
of self-sourced intermodulation products but at least a
desired level of quality as corresponds to the desired wire-
less signal is presently being attained. Such a practice, of
course, runs contrary to traditional practice in this regard for
the most part but serves a useful and beneficial purpose here.

[0030] As another example in this regard, such usage 103
can comprise reducing a present AGC threshold when the
detected results indicate a presence of self-sourced inter-
modulation products along with a failure to presently attain
at least a desired level of quality as corresponds to the
desired wireless signal. So configured, the detection of
self-sourced intermodulation products that are off-channel
with respect to the wireless signal of interest serves to
dynamically inform the automated control of gain as corre-
sponds to the processing of that signal. The presence of such
artifacts, when properly taken into account, permit one to
maintain (or even, if desired, to further decrease) the AGC
point of engagement (reducing the overall gain of the
system) under circumstances when one might otherwise
increase that threshold to the significant detriment of prop-
erly receiving the desired wireless signal.

[0031] Those skilled in the art will appreciate that the
above-described processes may be enabled using any of a
wide variety of available and/or readily configured plat-
forms, including partially or wholly programmable plat-
forms as are known in the art or dedicated purpose platforms
as may be desired for some applications. Referring now to
FIG. 2, an illustrative approach to such a platform will now
be provided.

[0032] In the illustrative example, the apparatus 200 com-
prises a wireless receiver having a wireless signal input 201
of choice that operably couples to a gain control 202 and to
a self-sourced intermodulation products detector 203 of
choice. The gain control 202 can comprise, for example, an
AGC that is operably responsive to the self-sourced inter-
modulation products detector 203. This operable responsiv-
ity can be achieved, for example, via use of a gain controller
204.

[0033] The self-sourced intermodulation products detector
203 can be configured and arranged as desired to directly
and/or indirectly detect such products in accordance with the
teachings set forth above. The gain controller 204, in turn,
can be operably coupled to both the self-sourced intermodu-
lation products detector 203 and the gain control 202 and can
be configured and arranged to control a gain threshold for
the latter as a function of information regarding self-sourced
intermodulation products as provided by the self-sourced
intermodulation products detector 203 and information
regarding quality of a desired received wireless signal as
described above.

[0034] Those skilled in the art will recognize and under-
stand that such an apparatus 200 may be comprised of a
plurality of physically distinct elements as is suggested by
the illustration shown in FIG. 2. It is also possible, however,
to view this illustration as comprising a logical view, in
which case one or more of these elements can be enabled
and realized via a shared platform. It will also be understood
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that such a shared platform may comprise a wholly or at
least partially programmable platform as are known in the
art.

[0035] Referring now to FIG. 3, a more specific illustra-
tive embodiment will be described. In this example, a
wireless receiver 300 receives a wireless signal through an
initial wide band pass filter 301 and provides the filtered
results to a first AGC 302. The output of this first AGC 302
feeds a radio frequency amplifier 303 that in turn provides
an amplified result to a mixer 304. A second AGC 305
receives the mixer 304 output and provides a gain controlled
result to an intermediate frequency amplifier 306. The output
of the intermediate frequency amplifier 306 in turn feeds
another filter 307 whereupon an analog-to-digital converter
308 digitizes the processed signal(s) and feeds them to a
demodulator 309. These components and their manner of
operation in such a configuration are all well understood in
the art and require no further description here.

[0036] Threshold levels for both AGC’s 302 and 305 are
controlled by a gain controller 310. This gain controller 310
responds to the outputs of the analog to digital converter 308
and the demodulator 309 in accordance with prior art
practice in this regard, but also responds here to a self-
sourced intermodulation products detector 311. The latter
serves, in this example, to effect direct detection of such
self-sourced intermodulation products using one or more
techniques of choice. So configured, the gain controller 310
is configured and arranged (via, for example, programming
in accordance with the teachings set forth above) to use
information regarding self-sourced intermodulation prod-
ucts when effecting control of the AGC thresholds.

[0037] As mentioned above, such control can also be a
function of indirect detection of such self-sourced inter-
modulation products, either in combination with direct
detection of such products or in lieu thereof Accordingly, if
desired, an indirect detector 312 of such circumstances can
be operably coupled, for example, between the intermediate
frequency amplifier 306 and the gain controller 310 to affect
such a capability.

[0038] So configured, those skilled in the art will recog-
nize and appreciate that a relatively weak signal can be
processed with an increased or even effectively maximized
signal to noise ratio so long as that weak signal is not directly
interfered with by receiver-generated intermodulation prod-
ucts. This, in turn, represents a considerable improvement
over the typical performance of prior art platforms in this
regard.

[0039] In the foregoing specification, specific embodi-
ments of the present invention have been described. How-
ever, one of ordinary skill in the art appreciates that various
modifications and changes can be made without departing
from the scope of the present invention as set forth in the
claims below. Accordingly, the specification and figures are
to be regarded in an illustrative rather than a restrictive
sense, and all such modifications are intended to be included
within the scope of present invention. The benefits, advan-
tages, solutions to problems, and any element(s) that may
cause any benefit, advantage, or solution to occur or become
more pronounced are not to be construed as a critical,
required, or essential features or elements of any or all the
claims. The invention is defined solely by the appended
claims including any amendments made during the pen-
dency of this application and all equivalents of those claims
as issued.
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[0040] Moreover in this document, relational terms such
as first and second, top and bottom, and the like may be used
solely to distinguish one entity or action from another entity
or action without necessarily requiring or implying any
actual such relationship or order between such entities or
actions. The terms “comprises,” “comprising,” “has”, “hav-
ing,” “includes”, “including,” “contains”, “containing” or
any other variation thereof, are intended to cover a non-
exclusive inclusion, such that a process, method, article, or
apparatus that comprises, has, includes, contains a list of
elements does not include only those elements but may
include other elements not expressly listed or inherent to
such process, method, article, or apparatus. An element
proceeded by “comprises . . . a”, “has . . . a”, “includes . .
. a”, “contains . . . a” does not, without more constraints,
preclude the existence of additional identical elements in the
process, method, article, or apparatus that comprises, has,
includes, contains the element. The terms “a” and “an” are
defined as one or more unless explicitly stated otherwise

3 <

herein. The terms “substantially”, “essentially”, “approxi-
mately”, “about” or any other version thereof, are defined as
being close to as understood by one of ordinary skill in the
art, and in one non-limiting embodiment the term is defined
to be within 10%, in another embodiment within 5%, in
another embodiment within 1% and in another embodiment
within 0.5%. The term “coupled” as used herein is defined
as connected, although not necessarily directly and not
necessarily mechanically. A device or structure that is “con-
figured” in a certain way is configured in at least that way,
but may also be configured in ways that are not listed.

2

We claim:

1. A method comprising:

in a wireless receiver:

receiving a desired wireless signal;

detecting self-sourced intermodulation products to pro-
vide detected results;

using the detected results to control gain as corresponds
to the desired wireless signal.

2. The method of claim 1 wherein detecting self-sourced
intermodulation products to provide detected results com-
prises directly detecting the self-sourced intermodulation
products.

3. The method of claim 2 wherein directly detecting the
self-sourced intermodulation products comprises detecting
the self-sourced intermodulation products on a channel other
than a channel that carries the desired wireless signal.

4. The method of claim 3 wherein the channel other than
a channel that carries the desired wireless signal comprises
at least one of:

a channel that is adjacent to the channel that carries the

desired wireless signal;

a pilot carrier as comprises a part of a multicarrier that

bears the desired wireless signal;

an empty carrier as comprises a part of a multicarrier that

bears the desired wireless signal.

5. The method of claim 2 wherein directly detecting the
self-sourced intermodulation products comprises detecting
the self-sourced intermodulation products on a guardband as
comprises a part of a channel that carries the desired wireless
signal.

6. The method of claim 2 wherein directly detecting the
self-sourced intermodulation products comprises detecting a
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rate of change of increase of noise in at least one channel that
is adjacent to a channel that carries the desired wireless
signal.

7. The method of claim 1 wherein detecting self-sourced
intermodulation products other than with respect to the
desired wireless signal to provide detected results comprises
indirectly detecting the self-sourced intermodulation prod-
ucts.

8. The method of claim 7 wherein indirectly detecting the
self-sourced intermodulation products comprises at least one
of:

assessing quality of the desired wireless signal;

assessing a bit error rate as corresponds to the desired

wireless signal and comparing that bit error rate against
expected bit error rate performance for a given corre-
sponding signal strength;

a rate of change as corresponds to a modulation envelope

as corresponds to the desired wireless signal;
inter-symbol interference levels;

rate of change of noise on pilot carriers;

errors on known symbols.

9. The method of claim 1 wherein detecting self-sourced
intermodulation products other than with respect to the
desired wireless signal to provide detected results comprises
both directly and indirectly detecting the self-sourced inter-
modulation products.

10. The method of claim 1 wherein using the detected
results to control gain as corresponds to the desired wireless
signal comprises adjusting an Automatic Gain Control
threshold.

11. The method of claim 10 wherein using the detected
results to control gain as corresponds to the desired wireless
signal further comprises at least maintaining a present
Automatic Gain Control threshold when the detected results
indicate a presence of self-sourced intermodulation products
but at least a desired level of quality as corresponds to the
desired wireless signal is presently attained.

12. The method of claim 11 wherein using the detected
results to control gain as corresponds to the desired wireless
signal further comprises reducing the present Automatic
Gain Control point of engagement when the detected results
indicate a presence of self-sourced intermodulation products
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and at least a desired level of quality as corresponds to the
desired wireless signal is presently not being attained.
13. A wireless receiver comprising:
a wireless signal input;
a self-sourced intermodulation products detector that is
configured and arranged to detect self-sourced inter-
modulation products;
a gain control that is operably coupled to the wireless
signal input and that is responsive to the self-sourced
intermodulation products detector.
14. The wireless receiver of claim 13 wherein the self-
sourced intermodulation products detector is configured and
arranged to directly detect the self-sourced intermodulation
products.
15. The wireless receiver of claim 14 wherein the self-
sourced intermodulation products detector is further config-
ured and arranged to detect the self-sourced intermodulation
products on a channel other than a channel that carries the
desired wireless signal.
16. The wireless receiver of claim 14 wherein the self-
sourced intermodulation products detector is further config-
ured and arranged to detect the self-sourced intermodulation
products using at least two different detection techniques.
17. The wireless receiver of claim 13 wherein the self-
sourced intermodulation products detector is further config-
ured and arranged to indirectly detect the self-sourced
intermodulation products.
18. The wireless receiver of claim 13 wherein the gain
control comprises an Automatic Gain Control.
19. The wireless receiver of claim 18 further comprising:
a gain controller that is operably coupled to the self-
sourced intermodulation products detector and to the
Automatic Gain Control and is configured and arranged
to control a gain threshold of the Automatic Gain
Control as a function of:
information regarding self-sourced intermodulation
products as provided by the self-sourced intermodu-
lation products detector; and

information regarding quality of the desired received
wireless signal.
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