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(57) Abstract: Aspects of the disclosure are directed to interference cancellation. A method of performing interference cancellation
in a wireless device having a receiver, a coefficient controller and an analog interference cancellation (AIC) circuit includes utilizing
the receiver to receive a signal; utilizing the coefficient controller to compute a first cost function value using a first set of coetfi-
cients, to compute a second set of coetlicients using a first coefficient control algorithm, to compute a second cost function value us -
ing the second set of coefficients, to compare the second cost function value with the first cost function value, and to determine
whether to apply the first set or the second set of coefticients based on the comparison; and utilizing the AIC circuit to apply the first
or second set of coetficients to filter a reference signal and the receiver to subtract the filtered reference signal from the received sig -
nal for interference cancellation.
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ROBUST COEFFICIENT COMPUTATION FOR ANALOG INTERFERENCE
CANCELLATION

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims priority to and the benefit of Non-Provisional Application No.
14/658.047 filed in the U.S. Patent and Trademark Office on March 13, 2015, the entire

content of which is incorporated herein by reference.

TECHNICAL FIELD
[0002] This disclosure relates generally to the field of interference cancellation systems and
methods, and, in particular, to removal or minimization of residual DC offsets (i.e., DC

bias) as part of interference cancellation utilizing baseband coefficients.

BACKGROUND

[0003] Advanced wireless devices may have multiple radios that operate on the same, adjacent,
or harmonic frequencies. The radios may provide access to networks such as wireless
wide area network (WWAN), a wireless local area network (WLAN), a wireless
personal area network (WPAN), Global Positioning System (GPS), Global Navigation
Satellite System (GLONASS), BeiDou navigation satellite system, etc. Some
combinations of radios can cause co-existence issues due to interference between the
respective frequencies. In particular, when one radio is actively transmitting at or close
to the same frequency and at a same time that another radio is receiving, the
transmitting radio can cause interference to (i.e., de-sense) the receiving radio. For
example, same-band interference may occur between Bluetooth (WPAN) and 2.4 GHz
WiFi (WLAN); adjacent band interference between WLAN and Long Term Evolution
(LTE) band 7, 40, 41; harmonic interference may occur between 5.7 GHz ISM and 1.9
GHz Personal Communications Service (PCS); and an intermodulation issue may occur
between 7xx MHz and a GPS receiver.

[0004] Analog interference cancellation (AIC) cancels interference between a transmitter radio
and a receiver radio by matching gain and phase of a wireless coupling path signal and
in a wired AIC path, as shown in FIG. 1, where d; is a transmitted signal from a
transmitter (aggressor) radio 102, and h. is a coupling channel (wireless coupling path

signal) from the transmitter radio 102 to a receiver (victim) radio 104. AIC 106 attempts



WO 2016/148948 PCT/US2016/021019

to cancel the impact of the coupling channel h, as reflected via the negative sign on the
output of AIC 106. The cancellation may be applicable not only for the separate
transmitter-receiver antenna scenarios, but also for the scenarios where the
transmitter(s) and receiver(s) share the same antenna(s). In the latter case, over-the-air
coupling channel may be further simplified to wired channel.

[0005] Analog interference cancellation may be performed utilizing adaptive filter coefficients
computed either at RF or at baseband, where baseband means utilizing a digital
implementation, for example, a field programmable gate array (FPGA), digital signal
processing (DSP) elements or application-specific integrated circuits (ASIC). Baseband
coefficient computation may allow more precise coefficient determination which may
lead to optimal interference cancellation. The coefficients thus computed are sent to the
analog interference cancellation (AIC) circuit for conditioning the reference signal to
cancel the undesired interference. However, one disadvantage of baseband processing is
undesired DC offset leakage. That is, the reference signal, after AIC conditioning, may

have a residual dc bias which may degrade the interference cancellation.

SUMMARY

[0006] The following presents a simplified summary of one or more aspects of the present
disclosure, in order to provide a basic understanding of such aspects. This summary is
not an extensive overview of all contemplated features of the disclosure, and is intended
neither to identify key or critical elements of all aspects of the disclosure nor to
delineate the scope of any or all aspects of the disclosure. Its sole purpose is to present
some concepts of one or more aspects of the disclosure in a simplified form as a prelude
to the more detailed description that is presented later.

[0007] According to various aspects of the disclosure a method for interference cancellation,
including utilizing a receiver to receive a transmission signal; computing a first cost
function value utilizing a first set of coefficients; computing a second set of coefficients
utilizing a first coefficient control algorithm; computing a second cost function value
utilizing the second set of coefficients; comparing the second cost function value with
the first cost function value to yield a comparison; utilizing the comparison to determine
whether to apply the first set or the second set of coefficients for the interference

cancellation; and applying one of the first set or the second set of coefficients to filter a
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reference signal and subtracting the filtered reference signal from the received
transmission signal for the interference cancellation.

[0008] In various aspects, an apparatus for interference cancellation, including at least one
processor; a memory for storing a first set of coefficients, the memory coupled to the at
least one processor; a receiver coupled to the at least one processor, the receiver
configured for receiving a transmission signal; a coefficient controller coupled to the at
least one processor configured for performing the following: computing a first cost
function value utilizing the first set of coefficients; computing a second set of
coefficients utilizing a first coefficient control algorithm; computing a second cost
function value utilizing the second set of coefficients; comparing the second cost
function value with the first cost function value to yield a comparison; and utilizing the
comparison to determine whether to apply the first set or the second set of coefficients
for the interference cancellation; and an analog interference cancellation (AIC) circuit
for applying one of the first set or the second set of coefficients to filter a reference
signal, and wherein the receiver subtracts the filtered reference signal from the received
transmission signal for the interference cancellation.

[0009] In various aspects, an apparatus for interference cancellation, including at least one
processor; a memory for storing a first set of coefficients, the memory coupled to the at
least one processor; a receiver coupled to the at least one processor for receiving a
transmission signal; means for computing a first cost function value utilizing the first set
of coefficients; means for computing a second set of coefficients utilizing a first
coefficient control algorithm; means for computing a second cost function value
utilizing the second set of coefficients; means for comparing the second cost function
value with the first cost function value to yield a comparison; means for utilizing the
comparison to determine whether to apply the first set or the second set of coefficients
for the interference cancellation; and means for applying one of the first set or the
second set of coefficients to filter a reference signal and wherein the receiver subtracts
the filtered reference signal from the received transmission signal for the interference
cancellation.

[0010] In various aspects, a computer-readable storage medium storing computer executable
code, operable on a device comprising at least one processor; a memory for storing a
first set of coefficients, the memory coupled to the at least one processor; a receiver

coupled to the at least one processor, wherein the receiver is configured to receive a
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transmission signal; and the computer executable code including instructions for
causing the at least one processor to compute a first cost function value utilizing the first
set of coefficients; instructions for causing the at least one processor to compute a
second set of coefficients utilizing a first coefficient control algorithm; instructions for
causing the at least one processor to compute a second cost function value utilizing the
second set of coefficients; instructions for causing the at least one processor to compare
the second cost function value with the first cost function value to yield a comparison;
instructions for causing the at least one processor to utilize the comparison to determine
whether to apply the first set or the second set of coefficients for interference
cancellation; and instructions for causing the at least one processor to apply one of the
first set or the second set of coefficients to filter a reference signal, wherein the receiver
is further configured to subtract the filtered reference signal from the received
transmission signal for the interference cancellation.

[0011] These and other aspects of the present disclosure will become more fully understood
upon a review of the detailed description, which follows. Other aspects, features, and
embodiments of the present disclosure will become apparent to those of ordinary skill in
the art, upon reviewing the following description of specific, exemplary embodiments of
the present disclosure in conjunction with the accompanying figures. While features of
the present disclosure may be discussed relative to certain embodiments and figures
below, all embodiments of the present disclosure can include one or more of the
advantageous features discussed herein. In other words, while one or more embodiments
may be discussed as having certain advantageous features, one or more of such features
may also be used in accordance with the various embodiments of the present disclosure
discussed herein. In similar fashion, while exemplary embodiments may be discussed
below as device, system, or method embodiments it should be understood that such

exemplary embodiments can be implemented in various devices, systems, and methods.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] FIG. 1 is a block diagram illustrating an analog interference cancellation system.
[0013] FIG. 2 is a diagram illustrating a networking environment that includes one or more
wireless communication devices.
[0014] FIG. 3 is a block diagram illustrating a wireless communication device having plural

transmitters and plural receivers, according to various embodiments of the disclosure.
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[0015] FIG. 4 is a block diagram illustrating a system that may be adapted for performing
interference cancellation according to various aspects disclosed herein.

[0016] FIG. 5 is a block diagram illustrating an implementation of a coefficient controller for a
receiver in a wireless communication system.

[0017] FIGs. 6a-6¢ illustrate a flow diagram of an example algorithm for utilizing voltage
sweeping to determine coefficients for minimizing residual dc bias while implementing
interference cancellation in a receiver.

[0018] FIGs. 7a-7c¢ illustrate a flow diagram of an example algorithm for utilizing a stochastic
approximation to determine coefficients for minimizing residual dc bias while
implementing interference cancellation in a receiver.

[0019] FIGs. 8a-8c¢ illustrate a flow diagram of an example algorithm for utilizing a simplified
stochastic approximation to determine coefficients for minimizing residual dc bias while
implementing interference cancellation in a receiver.

[0020] FIGs. 9a-9b illustrate a flow diagram of a method for interference cancellation.

[0021] FIG. 10 is a diagram illustrating an example of a hardware implementation for an
apparatus employing a processing employing a processing circuit adapted according to
certain aspects disclosed herein.

[0022] FIG. 11 is a block diagram illustrating an example of an apparatus employing a

processing circuit that may be adapted according to certain aspects disclosed herein.

DETAILED DESCRIPTION

[0023] The detailed description set forth below in connection with the appended drawings is
intended as a description of various configurations and is not intended to represent the
only configurations in which the concepts described herein may be practiced. The
detailed description includes specific details for the purpose of providing a thorough
understanding of various concepts. However, it will be apparent to those skilled in the
art that these concepts may be practiced without these specific details. In some
instances, well known structures and components are shown in block diagram form in
order to avoid obscuring such concepts.

[0024] Various aspects of the disclosure relate to systems and methods for cancelling local
interference resulting from transmissions by one radio (transceiver) that affect the
receiving performance of a second radio (transceiver). In particular aspects, an

interference cancellation system is adaptable for different radio combinations. For
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instance, for a co-existence issue caused by a first combination of radios, a transmitting
radio (e.g., WiFi) may be selected for an input of an interference cancellation (IC)
circuit and a receiving radio (e.g., Bluetooth) may be selected for the output of the
interference cancellation circuit. For a co-existence issue caused by a second (different)
combination of radios, the transmitting radio (e.g., WiFi) may be selected for the input
of the interference cancellation circuit and the receiving radio (e.g., LTE band 7) may be
selected for the output of the interference cancellation circuit. It should be noted that the
terms cancellation (as in interference cancellation) and variants thereof may be
synonymous with reduction, mitigation, and/or the like in that at least some interference
is reduced.

[0025] Within the scope of the present disclosure, any suitable interference cancellation circuit
may be utilized. In some aspects of the disclosure, an interference cancellation circuit
may be an analog one-tap adaptive filter configured to match the signal in the
interference cancellation path with the signal in the coupling path. In various examples,
the analog one-tap adaptive filter is an analog one-tap least mean square (LMS) adaptive
filter. The LMS adaptive filter may operate such that it mimics a desired filter utilizing
filter coefficients calculated to produce the least mean square of an error signal, which
may represent the difference between a desired signal and an observed or received
signal. A conventional one-tap interference cancellation filter ideally focuses its peak
cancellation energy at the frequency where the power of an interfering signal is at its
highest and accordingly can typically address one type of interference and/or
interference affecting one frequency or band of frequencies. A DC offset may be
applied to the filter to actively steer the cancellation center, with the value of the DC
offset being automatically calculated in the digital domain in accordance with a
baseband signal derived from the receiver. The DC offset may be generated utilizing
filter coefficients calculated in the digital domain in accordance with the baseband
signal.

[0026] In accordance with certain aspects of the present disclosure, filter coefficient (i.e.,
unknown dc bias) are determined and provided to an AIC circuit for interference
cancellation by minimizing the cost function, that is, minimizing the cancellation error.

[0027] FIG. 2 is a diagram illustrating a networking environment 200 that includes one or more
wireless communication devices 202a-202d. Each wireless communication device 202a-

202d may be adapted or configured to transmit and/or receive wireless signals to/from at
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least one access point 206, 208, 210. In some instances, the wireless communication
device 202a-202d may be adapted or configured to transmit and/or receive wireless
signals to/from at least one other wireless communication device 202a-202d. The one or
more wireless communication devices 202a-202d may include a mobile device and/or a
device that, while movable, is primarily intended to remain stationary. In various
examples, the device may be a cellular phone, a smart phone, a personal digital
assistant, a portable computing device, a wearable computing device, and appliance, a
media player, a navigation device, a tablet, etc. The one or more wireless
communication devices 202a-202d may also include a stationary device (e.g., a desktop
computer, machine-type communication device, etc.) enabled to transmit and/or receive
wireless signals. The one or more wireless communication devices 202a-202d may
include an apparatus or system embodied in or constructed from one or more integrated
circuits, circuit boards, and/or the like that may be operatively enabled for use in
another device. Thus, as used herein, the terms “device” and “mobile device” may be
used interchangeably as each term is intended to refer to any single device or any
combinable group of devices that may transmit and/or receive wireless signals.

[0028] One or more of the access points 206, 208, 210 may be associated with a radio access
network (RAN) 204, 214 that provides connectivity utilizing a radio access technology
(RAT). The RAN 204, 214 may connect the one or more wireless communication
devices 202a-202d to a core network. In various examples, the RAN 204, 214 may
include a WWAN, a WLAN, a WPAN, a wireless metropolitan area network (WMAN),
a Bluetooth communication system, a WiFi communication system, a Global System for
Mobile communication (GSM) system, an Evolution Data Only/Evolution Data
Optimized (EVDO) communication system, an Ultra Mobile Broadband (UMB)
communication system, an LTE communication system, a Mobile Satellite Service-
Ancillary Terrestrial Component (MSS-ATC) communication system, and/or the like.

[0029] The RAN 204, 214 may be enabled to communicate with and/or otherwise operatively
access other devices and/or resources as represented simply by cloud 212. For example,
the cloud 212 may include one or more communication devices, systems, networks, or
services, and/or one or more computing devices, systems, networks, or services, and/or
the like or any combination thereof.

[0030] In various examples, the RAN 204, 214 may utilize any suitable multiple access and

multiplexing scheme, including but not limited to, Code Division Multiple Access
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(CDMA), Time Division Multiple Access (TDMA), Frequency Division Multiple
Access (FDMA), Orthogonal Frequency Division Multiple Access (OFDMA), Single-
Carrier Frequency Division Multiple Access (SC-FDMA), etc. In examples where the
RAN 204, 214 is a WWAN, the network may implement one or more standardized
RATSs such as Digital Advanced Mobile Phone System (D-AMPS), IS-95, cdma2000,
Global System for Mobile Communications (GSM), UMTS, eUTRA (LTE), or any
other suitable RAT. GSM, UMTS, and eUTRA are described in documents from a
consortium named “3rd Generation Partnership Project” (3GPP). IS-95 and cdma2000
are described in documents from a consortium named “3rd Generation Partnership
Project 2”7 (3GPP2). 3GPP and 3GPP2 documents are publicly available. In examples
where the RAN 204, 214 is a WLAN, the network may be an IEEE 802.11x network, or
any other suitable network type. In examples where the RAN 204, 214 is a WPAN, the
network may be a Bluetooth network, an IEEE 802.15x, or any other suitable network
type.

[0031] A wireless communication device 202a-202d may include at least one radio (also
referred to as a transceiver). The terms “radio” or “transceiver” as used herein refer to
any circuitry and/or the like that may be enabled to receive wireless signals and/or
transmit wireless signals. In particular aspects, two or more radios may be enabled to
share a portion of circuitry and/or the like (e.g., a processing unit, memory, etc.). That
is, the terms “radio” or “transceiver” may be interpreted to include devices that have the
capability to both transmit and receive signals, including devices having separate
transmitters and receivers, devices having combined circuitry for transmitting and
receiving signals, and/or the like.

[0032] In some aspects, a wireless communication device 202a-202d may include a first radio
enabled to receive and/or transmit wireless signals associated with at least a first
network of a RAN 204, 214 and a second radio that is enabled to receive and/or transmit
wireless signals associated with an access point 206, 208, 210, a peer device or other
transmitter that may geographically overlap or be collocated with the RAN 204, 214,
and/or a navigation system (e.g., a satellite positioning system and/or the like).

[0033] FIG. 3 is a block diagram illustrating a wireless communication device 300 that includes
a plurality of transmitters 302a-302d and a plurality of receivers 310a-310d, in
accordance with certain aspects disclosed herein. The M transmitters 302a-302d and N

receivers 310a-310d may be provided as up to MxN receiver/transmitter (Rx/Tx)
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circuits. One skilled in the art would understand that the quantity M and the quantity N
may or may not be the same. And, in some cases, either of the quantities may be zero.
Coexistence issues may occur when one or more transmitters 302a-302d are actively
transmitting, and one or more receivers 310a-310d are actively receiving.

[0034] Each of the Rx/Tx circuits 310a/302a, 310b/302b, 310¢/302¢, and/or 310d/302d may be
configured to operate according to certain parameters including, for example, a
respective frequency, radio frequency circuits with group delays, coupling channel gains
to other Tx/Rx circuits Rx/Tx circuits 310a/302a, 310b/302b, 310¢/302¢, 310d/302d,
and/or the like. For instance, the first Tx/Rx circuit 310a/302a may operate at a first
frequency f) with a first delay d;, the second Tx/Rx circuit 310b/302b may operate at a
second frequency f, with a second delay d», the third Tx/Rx circuit 310¢/302¢ may
operate at a third frequency f; with a third delay d;, etc. The first Tx/Rx circuit
310a/302a may have a coupling channel gain h;, to the second Tx/Rx circuit 310b/302b,
a coupling channel gain hi; to the third Tx/Rx circuit 310¢/302¢, etc. A Tx/Rx circuit
310/302 may have different coupling channel gains to various other Tx/Rx circuits.

[0035] In various aspects, the apparatus 300 is configured to reduce interference produced
among Tx/Rx circuits 310a/302a, 310b/302b, 310¢/302¢, 310d/302d operating, for
example, on the same, adjacent, harmonic, or sub-harmonic frequencies. An apparatus
300 may be configured or adapted for different Tx/Rx circuit combinations. That is, the
apparatus 300 may be configured to cancel interference based on a co-existence issue
caused by current combination of Tx/Rx circuits 310a/302a, 310b/302b, 310¢/302c¢,
and/or 310d/302d. For example, a co-existence issue at a time T, may be caused when
the first transmitter 302a is employed for WiFi and the second receiver 310b is
employed for Bluetooth. In some systems, the apparatus may be configured to
selectively provide the output of the first transmitter 302a to an interference cancelling
(IC) circuit 306, which may then provide an interference cancelation signal 316 to the
second receiver 310b. Accordingly, the interference cancellation circuit 306,
interference caused by the aggressor Tx/Rx circuit 310a/302a upon the victim Tx/Rx
circuit 310b/302b can be reduced. In various examples, the coupling channel gain from
the aggressor 310a/302a to the victim Tx/Rx circuit 310b/302b may be —10 dB based on
separation of two antennas, and the interference cancellation circuit 306 may be
configured to match this gain for successful interference cancellation. In operation

aspects, the apparatus 300 may include a multiplexer (MUX) circuit 304 and a
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demultiplexer (DEMUX) circuit 308 that may be controlled to select an interference
cancellation configuration.

[0036] FIG. 4 illustrates certain aspects of a system 400 for cancelling local interference
between a transmitter 402 and a receiver 420 in accordance with certain aspects
disclosed herein. The system 400 may be associated with one or more subsystems,
apparatus, devices, or components. The transmitter (TX) 402 may be an offending
transmitter and the receiver 420 may be a victim receiver. That is, the transmitter 402
may be an offender that generates or causes local interference in connection with an
over-the-air interfering signal 406 received by the victim receiver 420. The offending
transmitter 402 and victim receiver 420 may be part of the same device. Moreover,
while a single transmitter 402 and a single receiver 420 are shown, more than one
transmitter 402 and/or more than one receiver 420 may be provided in accordance with
aspects of the disclosure. In various aspects, the transmitter 402 is one of the
transmitters 302 shown in FIG. 3 and the receiver 420 is one of the receivers 310 shown
in FIG. 3.

[0037] The transmitter 402 may be associated with, or coupled to, a power amplifier (PA) 408
and a TX filter 410, which components are well-known in the art and so a further
description is omitted for the sake of brevity. The PA 408 may receive a signal or data
for transmission by the TX 402.

[0038] The transmitter 402 may be associated with a coupler 412. The coupler 412 may be used
to provide a reference signal 1(t) 404 to an AIC circuit 416. The reference signal may
correspond to some portion or function of the signal transmitted by the transmitter 402,
and may be provided through a receive filter 414. In various examples, the AIC circuit
416 may include a one-tap adaptive filter (e.g., a one-tap least mean square (LMS)
adaptive filter).

[0039] Broadly, the AIC circuit 416 may be configured to generate an output signal that
matches the over-the-air interfering signal 406 within a given tolerance, such that the
AIC output can be combined with the over-the-air interfering signal 406 in a destructive
fashion to cancel the local interference signal. The AIC circuit 416 may receive DC
offsets from a coefficient controller to minimize residual dc bias. The AIC circuit 416
may be configured to generate an output that can be supplied as a first input to an adder
422. Although component 422 is depicted as an adder in FIG. 4, one skilled in the art

would understand that the component 422 may be a combiner, an integrator or another
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component that combines or adds signals. A second input to the adder 422 may
correspond to the over-the-air interfering signal 406 received by the RX 420. In some
instances, the over-the-air interfering signal 406 may be provided to the adder 422
through a receive filter 424,

[0040] The adder 422 may be configured to combine its inputs in order to generate an output
that is provided to a low-noise amplifier (LNA) 426. In various examples, the adder 422
may be configured to subtract the input provided by the AIC circuit 416 from the input
received from the receive filter 424. In an ideal case where selection of filter
coefficients is perfect, the signal provided at the first input of the adder 422 is equal to
the interference associated with the over-the-air interfering signal 406, such that the
interference is removed in the signal provided to the LNA 426. In this respect, the path
from the coupler 412, through the receive filter 414, to the AIC circuit 416 may serve as
a reference path in order to provide a reference signal 1(t).

[0041] The system 400 may provide for the receive filter 414 in the reference signal path and
the receive filter 424 coupled to the receiver antenna to have the same filter
characteristics within a specified tolerance. That is, filtering both signals in the same
way can help ensure that any timing mismatch between the reference signal r(t) and the
received signal (i.e., the over-the-air interfering signal 406) is reduced or eliminated.

[0042] In some instances, the AIC circuit 416 may be configured utilizing information that is
based on the received signal after it is converted into a baseband signal. In various
examples, a coefficient controller 450 may derive one or more coefficients from a
baseband signal and configure the AIC circuit 416 based on the coefficients. That is, the
output y(t) from the LNA 426 may be provided to a mixer 428 and to the AIC circuit
416. The mixer 428 then converts the output y(t) from the LNA 426 from a first signal
domain or frequency to a second signal domain or frequency. For example, the first
signal domain may relate to a selected radio frequency and the second signal domain
may relate to baseband frequencies. Here, a baseband signal may include an
unmodulated signal, a lowpass signal, or a signal at relatively low frequencies, in some
examples corresponding to an audible range up to 20 kHz, for example. In some
instances, the mixer 428 may receive a signal from an oscillator such as a voltage-
controlled oscillator (VCO) in order to provide the conversion to baseband.

[0043] The output baseband signal from the mixer 428 may be provided to an analog filter 430

that may operate as an anti-aliasing filter. The output of the analog filter 430 may be



WO 2016/148948 PCT/US2016/021019

12

provided to an analog-to-digital converter (ADC) 432 shown to reside within the
coefficient controller 450. The output of the ADC 432 is provided to an algorithm
engine 434 to provide a measure of the response of the receiver 420. In various
examples, the response of the receiver is the superposition of desired signal, interference
and noise present at the output of the receiver. The algorithm engine 434 may
accommodate one or more algorithms. For example, an algorithm may be used to
calculate cost function(s) while another algorithm may be used for coefficient control.

[0044] The algorithm engine 434 may be configured to generate and output one or more signals
representative of DC offset, and/or filter coefficients to the AIC circuit 416. The
algorithm engine 434 may produce an output in a digital format, and the output may be
provided to a digital-to-analog converter (DAC) 440. The output of the DAC 440 may
then be provided to the AIC circuit 416. As shown in Fig. 5, the algorithm engine 434,
in various examples, may include one or more of the following components: cost
function computation module 505, store cost function module 510, cost function
comparison module 520, coefficient computation algorithm selection module 3530,
coefficient computation module 555 and/or coefficient application module 570. One
skilled in the art would understand that the list of components within the algorithm
engine 434 is not an exclusive list and that other components may be included and be
within the scope and spirit of the present disclosure.

[0045] The AIC circuit 416 may include polyphase components 481 and 485. The polyphase
components 481 and 485 may be used to generate in-phase and quadrature signal
outputs relative to the reference signal 404. The in-phase signal output may be
generated by simply passing the reference signal 404 with no phase shift (e.g., a 0
degree phase shift). The quadrature signal output may be generated by applying a 90
degree phase shift to the reference signal 404.

[0046] The in-phase signal output by a first polyphase component 481 is provided to a mixer
482. The quadrature signal output by the first polyphase component 481 is provided to a
mixer 484. The outputs of the mixers 482, 484 are provided to an adder, integrator, or
combiner 483. The output of the adder 483 serves as an input to the adder 422.

[0047] The in-phase signal output by a second polyphase component 485 is provided to a mixer
486. The quadrature signal output by the second polyphase component 485 is provided
to a mixer 490. The mixers 486, 490 each receive a second input corresponding to the

output of the LNA 426. That is, in some aspects of the disclosure, feedback
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corresponding to the output signal of the receiver 420 is provided as an input to the AIC
circuit 416.

[0048] The output of the mixer 486 is provided to a first adder or integrator 487. The output of
the mixer 490 is provided to a second adder or integrator 491. A second input to each of
the integrators 487, 491 is provided by a coefficient controller 450 that generates
coefficients from the digitized received signal that may be used to steer the AIC circuit
416. The outputs of the integrators 487, 491 may be provided to one or more filters,
including first and second low pass filters (LPFs) 488 and 492, respectively. The
outputs of the first and second LPFs 488, 492 may be provided to one or more
amplifiers 489 and 493, respectively. The amplifiers 489, 493 may each have
independently controlled gain (G) values. In some instances, a common gain may be
used in connection with both of the amplifiers 489 and 493. The outputs of the
amplifiers 489, 493 may be provided as inputs to the mixers 482 and 484, respectively.

[0049] A second input to each of the integrators 487, 491 corresponds to coefficients and/or
offsets output by an algorithm engine 434 executed by the coefficient controller 450.
The coefficients are not directly based on the RF signal output by the LNA 426, but
rather, the coefficients are based on the received signal after it is converted into a
baseband signal utilizing an analog-to-digital converter (ADC) 432. That is, a
coefficient controller 450 may generate one or more coefficients from the baseband
signal to steer the AIC circuit 416. Digital coefficients may be converted to an analog
signal utilizing a digital-to-analog converter 440.

[0050] Interference cancellation circuits provided according to certain aspects disclosed herein
can be adapted to simultaneously handle multiple interference sources and/or types that
may affect a receiver. In various examples, a source of interference may be a nearby
and/or local transmit antenna that transmits LTE signals in frequencies allocated to
LTE. These LTE signals can produce strong interference at a Wi-Fi receive antenna.
Different types of interference may be produced, including interference caused by out-
of-band (OOB) emission, fundamental emission, and phase noise. Interference may be
produced even if the frequencies used by the Wi-Fi channel are far from the frequencies
used by LTE. In one specific example, interference may occur between the 2.462 GHz
Wi-Fi Channel 11 and LTE transmissions in LTE band 40 (B40), which is allocated
frequencies between 2.3 GHz and 2.4 GHz with a bandwidth of 100 MHz. Interference

may occur because the channelization filter, which may be an analog anti-aliasing filter,
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is placed after a mixer, and an excessive amount of energy falls into the Wi-Fi band, and
saturates RX front end.

[0051] FIG. 5 is a block diagram illustrating an implementation of a coefficient controller for a
receiver in a wireless communication system. In various examples, the received
baseband signal s(t) is decomposed into orthogonal signal components, in-phase
received baseband signal i(t) and quadrature received baseband signal q(t). Each
orthogonal signal component, that is i(t) and q(t), is processed by analog input signal
processing modules 501 and 502, respectively. In various examples, the analog input
signal processing modules 501 and 502 may include baseband signal processing
functions such as low pass filtering, amplification, anti-aliasing filtering, dc bias
compensation, etc. Next, the processed orthogonal signal components are then
converted into digital orthogonal signal components, x(n) and y(n), utilizing analog-to-
digital converters. In various examples, the processed orthogonal signal components are
converted by separate analog-to-digital converters 432a and 432b to produce the digital
orthogonal signal components, x(n) and y(n). In various examples, the separate analog-
to-digital converters operate with a sample rate R at least as high as twice the signal
bandwidth B (e.g., Nyquist-Shannon sampling criterion). In another example, the
separate analog-to-digital converters operate with an amplitude resolution
corresponding to N bits. These digital orthogonal signal components serve as inputs to
the algorithm engine 434 within the coefficient controller 450. In various examples, the
algorithm engine 434 may be implemented as a field programmable gate array (FPGA),
an application specific integrated circuit (ASIC), a digital signal processor (DSP), a
software-based processor, or any suitable type of computation platform.

[0052] Next, the digital orthogonal signal components x(n) and y(n) are inputted into a cost
function computation module 505. The cost function computation module 505 computes
cost function values utilizing coefficients for the AIC circuit 416 for interference
cancellation. In various examples, initial coefficient values may be stored values,
random values or may be set to zero values. Subsequent computation uses currently
derived values which are being updated. In various examples, the cost function
computation module 505 produces a cost function C(r) which is used to optimize
coefficients (e.g., baseband coefficients) used in the AIC circuit 416. In another
example, the cost function computation module 505 produces a cost function C(r) for a

plurality of samples of the digital orthogonal signal components x(n) and y(n), where r
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= x Hjy and j is the imaginary unit (i.e., the square root of -1). For example, the cost
function C(r) may be computed as a sample average; i.e., an unweighted summation of
the square of the magnitudes of the digital orthogonal signal components over a

predefined quantity of samples M (i.e., a predetermined duration of time):

CO =S1=Tw" x> +[lym ] eqn (1)
[0053] Alternatively, the cost function C(r) may be computed as a moving average of the

square of the magnitudes of the digital orthogonal signal components with a weighting

factor a:
C(1) = Sma(k) = aS(k) + (1-0)Smalk-1) eqn (2)
where
S = [|xm)||* +[lyml|* eqn (3)
0<a<l eqn (4)

[0054] In various examples, the weighting factor o may be selected such that (1-a) is a power
of 2 (e.g. 2° 27 272 ..), for numerical convenience, or may be selected as fully
configurable. In various aspects, the moving average has the advantage of a variable
duration of time through the configuration of a. In other aspects, the moving average
may allow a simpler hardware implementation (e.g., avoidance of division).

[0055] A cost function comparison module 520 compares cost function values. Next, the cost
function C(r) is stored in a cost function storage module 510. The cost function C(r) is
then subsequently retrieved from the cost function storage module 510 and compared to
a cost function threshold Cy to determine to update or to hold the coefficients (to be
used in the AIC circuit 416) at their values.

[0056] In various examples, if the cost function C(r) exceeds the cost function threshold Co,
then the coefficients are updated. Otherwise, the coefficients are held at their values
(i.e., frozen). In various aspects, the cost function corresponds to a received signal
strength indication (RSSI) and the cost function comparison determines whether or not
the RSSI is stronger than a RSSI threshold (e.g., interference is strong enough to
warrant an updated baseband coefficient for the AIC circuit 416). In various examples,
the cost function may be based on other system parameters such as interference-to-

signal level(s).
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[0057] A coefficient computation algorithm selection module 530 may determine whether to
apply a set of coefficients for interference cancellation or to update the set of
coefficients. If the set of coefficients is to be applied for interference cancellation, the
set of coefficients is sent from the coefficient computation algorithm selection module
530 (via line 531) to a coefficient application module 570. If the set of coefficients is to
be updated, a coefficient computation algorithm is selected by the coefficient
computation algorithm selection module 530. In various examples, the coefficient
computation algorithm may be selected among a voltage sweeping algorithm within the
voltage sweeping module 540, a simplified stochastic approximation algorithm within
the simplified stochastic approximation module 550, or a stochastic approximation
algorithm within the stochastic approximation module 560. One skilled in the art would
understand that other coefficient computation algorithms (different from the ones listed
herein) may be used in other examples without deviating from the scope and spirit of the
present disclosure. Subsequently, updated baseband coefficients are computed by the
selected coefficient computation algorithm and sent to the coefficient application
module 570. In various examples, the coefficient application module 570 supplies
updated coefficients (e.g., orthogonal baseband coefficients by and by) as outputs of the
algorithm engine 434.

[0058] Next, the updated baseband coefficients are sent to digital-to-analog converters to
convert the updated baseband coefficients to analog form. In various examples, the
updated orthogonal baseband coefficients by and by are converted by separate digital-to-
analog converters 440a and 440b to produce updated analog coefficients cy and c,. Next,
the updated analog coefficients ¢y and ¢, are processed by analog output signal
processing modules 571 and 572 to produce updated processed analog coefficients dy
and dy. In various examples, the analog output signal processing modules 571 and 572
may include baseband signal processing functions such as low pass filtering,
amplification, dc bias compensation, etc.

[0059] And, the updated processed analog coefficients dy and d, are sent to the AIC circuit 416
for interference cancellation. In various examples, the updated processed analog
coefficients dy and d, are amplified by amplifier 495 before being sent to the AIC circuit
416.

[0060] FIGs. 6a-6¢ illustrate a flow diagram of an example algorithm for utilizing voltage

sweeping to determine coefficients for minimizing residual dc bias while implementing
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interference cancellation in a receiver. In various aspects, the coefficient computation
algorithm uses a first digital signal component x(n) and a second digital signal
component y(n) as inputs. A coefficient computation algorithm utilizing voltage
sweeping produces a first baseband coefficient by and a second baseband coefficient by
as outputs. The first digital signal component x(n) is referred to as an in-phase signal
component and the second digital signal component y(n) is referred to as a quadrature
signal component. Correspondingly, the first baseband coefficient by is referred to as an
in-phase coefficient and the second baseband coefficient by is referred to as a quadrature
coefficient. In various examples, the coefficient computation algorithm utilizing voltage
sweeping resides within the algorithm engine 434 (shown in Fig. 4).

[0061] In various aspects, the coefficient computation algorithm uses a cost function C to
determine optimal performance. Optimal performance may be obtained when the cost

function C 1s minimized.

Fix the quadrature Component and Increment the in-phase Component utilizing
Voltage Sweep

[0062] In block 610, set a quadrature coefficient to a fixed value to obtain an initial quadrature
coefficient byo and initialize an in-phase coefficient to an initial value Vuin to obtain an
initial in-phase coefficient byy. The quadrature coefficient fixed value, for example, may
be set to Vin also to obtain an initial quadrature coefficient byo. In block 615, supply the
initial in-phase coefficient by and the initial quadrature coefficient by to the AIC circuit
416 and obtain an initial in-phase response ry. In various examples, the initial in-phase
response 1y is obtained either as a sample average or as a moving average. The initial in-
phase response rp may be represented by 1o = (Xo, Yo).

[0063] In block 620, compute an initial cost function C(rp) evaluated at the initial in-phase
response 1. In block 625, compare the initial cost function C(rp) to a predefined
condition Cy. In various examples, the predefined condition corresponds to a minimum
RSSI level. If the initial cost function C(rg) is greater than Co, proceed to block 635.
Otherwise, proceed to block 630 and freeze the initial in-phase coefficient to by and the
initial quadrature coefficient to byo.

[0064] In block 635, update the initial in-phase coefficient by by incrementing the initial value
Vmin by Vep to obtain a first updated in-phase coefficient by;. Here, byi. = bxo + Vep,
where Vg 15 a voltage increment. In block 640, supply the first updated in-phase
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coefficient by and the initial quadrature coefficient byy to the AIC circuit 416 for
interference cancellation and obtain a first updated in-phase response r;. The first
updated in-phase response r; may be represented by r; = (X1, yo). In block 645, compute
a first updated in-phase cost function C(r;) evaluated at the first updated in-phase
response 1;. In various examples, the first updated in-phase response 1, is obtained either
as a sample average or as a moving average. Although not shown here, further updating
of the in-phase coefficient by incrementing by Vg, to obtain updated in-phase cost
functions (C(r2), C(13)... C(ry)) may be performed. It is understood that the updating of
the in-phase coefficient is based on the incrementing of the previous in-phase
coefficient by Vep. In block 650, determine an optimum in-phase coefficient by based
on the minimum in-phase cost function from the in-phase cost functions (C(rg), C(11),

C(r2), C(13)... C(rp)).

Fix the in-phase Component and Increment the quadrature Component utilizing
Voltage Sweep

[0065] In block 655, set the in-phase coefficient to a fixed value, for example to V iy, to obtain
an initial in-phase coefficient by and initialize the quadrature coefficient to an initial
value Vi to obtain an initial quadrature coefficient byo. In block 660, supply the initial
in-phase coefficient by and the initial quadrature coefficient byo to the AIC circuit 416
and obtain an initial quadrature response sy. The initial quadrature response sy may be
represented by so = (Xo, yo). In various examples, the initial quadrature response sg is
obtained either as a sample average or as a moving average.

[0066] In block 665, compute an initial cost function C(so) evaluated at the initial quadrature
response so = (Xo, Vo). In block 670, compare the initial cost function C(sp) to a
predefined condition C;. C; may have the same value as Cy in the in-phase coefficient
calculation above. In various examples, the predefined condition C; corresponds to a
minimum RSSI level. In various examples, the predefined condition C; may either be a
stored value or a measured value based on the RSSI level. If the initial cost function
C(so) is greater than C;, proceed to block 680. Otherwise, proceed to block 675 and
freeze the initial in-phase coefficient to by and the initial quadrature coefficient to byq.

[0067] In block 680, update the initial quadrature coefficient by by incrementing the initial
value Vs by Vg to obtain a first updated quadrature coefficient by;. Here, byi. = by +

Vsiep- In block 685, supply the first updated quadrature coefficient by; and the initial in-
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phase coefficient by to the AIC circuit 416 for interference cancellation and obtain a
first updated quadrature response s;. The first updated quadrature response s; may be
represented by s; = (Xo, v1). In block 690, compute a first updated quadrature cost
function C(s;) evaluated at the first updated quadrature response s;. In various
examples, the first updated quadrature response s; is obtained either as a sample average
or as a moving average. Although not shown here, further updating of the quadrature
coefficient by incrementing by Vg, to obtain updated quadrature cost functions (C(s»),
C(s3)... C(sp)) may be performed. It is understood that the updating of the quadrature
coefficient is based on the incrementing of the previous quadrature coefficient by Vep.
In block 695, determine an optimum quadrature coefficient by based on the minimum
quadrature cost function from the quadrature cost functions (C(so), C(s1), C(s2), C(s3)...
C(sm)).

[0068] In block 699, supply the optimal coefficients byop and byep based on the minimum in-
phase and quadrature cost functions to the AIC circuit 416 to minimize the residual dc
bias.

[0069] FI1Gs. 7a-7c¢ illustrate a flow diagram of an example algorithm for utilizing a stochastic
approximation to determine coefficients for minimizing residual dc bias while
implementing interference cancellation in a receiver. In various aspects, a coefficient
computation algorithm uses a first digital signal component x(n) and a second digital
signal component y(n) as inputs. The coefficient computation algorithm utilizing
stochastic approximation produces a first baseband coefficient b, and a second baseband
coefficient by as outputs. The first digital signal component x(n) is referred to as an in-
phase signal component and the second digital signal component y(n) is referred to as a
quadrature signal component. Correspondingly, the first baseband coefficient by is
referred to as an in-phase coefficient and the second baseband coefficient by is referred
to as a quadrature coefficient. In various examples, the coefficient computation
algorithm utilizing stochastic approximation resides within the algorithm engine 434

(shown in Fig. 4).

Fix the quadrature Component and Increment the in-phase Component utilizing
Stochastic Approximation
[0070] In block 710, set a coefficient to an initial coefficient ¢, with an in-phase component

and a quadrature component. The initial coefficient co may be represented as (byo, byo),
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where by is the initial in-phase coefficient and by is the initial quadrature coefficient.
Although the example is presented with in-phase and quadrature coefficients, it may be
generalized to any two dimensions, i.e., to a first dimension and a second dimension.

[0071] In block 715, obtain a first in-phase coefficient by; by incrementing the initial in-phase
coefficient by by a first in-phase increment Ay; that is, by; = by + Ax. Thus, a first 2-D
coefficient-via-in-phase-increment (c;) is represented as (b, byo). In block 720, supply
the first 2-D coefficient-via-in-phase-increment (c;) to the AIC circuit 416 and obtain a
first in-phase response r;.

[0072] In block 725, obtain a second in-phase coefficient by, by decrementing the initial in-
phase coefficient by by the first in-phase increment A,; that is, bx; = by - Ax. Thus, a
second 2-D coefficient-via-in-phase-increment (c») is represented as (bx, byo). In block
730, supply the second 2-D coefficient-via-in-phase-increment (c,) to the AIC circuit
416 and obtain a second in-phase response 1. In block 735, compute an in-phase
gradient Gy from a difference between the first in-phase response r; and the second in-
phase response r,. In various examples,

Gi=(-1)(2A) eqn (5)

[0073] In block 740, compute the optimal in-phase gradient, Giop. Although not shown here,
further updating of the in-phase gradient G; may be performed by incrementing and
decrementing the first and the second 2-D coefficients-via-in-phase-increment (c;, ¢;) by
A« and repeating the blocks of 715-735 until the in-phase gradient G is less than a
gradient threshold Go. Refer to the first in-phase gradient Gi from the iteration that is
less than the gradient threshold Gy as the optimal in-phase gradient, Giop. The first in-

phase increment A, may be either a positive or a negative value.

Fix the in-phase Component and Increment the quadrature Component utilizing
Stochastic Approximation

[0074] In block 745, select by as the initial in-phase coefficient and by as the initial quadrature
coefficient. In block 750, obtain a first quadrature coefficient by; by incrementing the
initial quadrature coefficient byo by a first quadrature increment Ay; that is, by; = by +
Ay. Thus, a first 2-D coefficient-via-quadrature-increment (d;) is represented as (byo,
by1). In block 755, supply the first 2-D coefficient-via-quadrature-increment (d,) to the

AIC circuit 416 and obtain a first quadrature response s;.
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[0075] In block 760 obtain a second quadrature coefficient by, by decrementing the initial
quadrature coefficient by by the first quadrature increment Ay; that is, bys = by — Ay.
Thus, a second 2-D coefficient-via-quadrature-increment (d») is represented as (bxo, by»).
In block 765, supply the second 2-D coefficient-via-quadrature-increment (d,) to the
AIC circuit 416 and obtain a second quadrature response s;. In block 770, compute a
quadrature gradient Gq from a difference between the first quadrature response s; and

the second quadrature response s. In various examples,
Go=(51-52)/(2 Ay) eqn (6)
[0076] In block 775, compute the optimal quadrature gradient, Goop. Although not shown here,
further updating of the quadrature gradient Go may be performed by incrementing and
decrementing the first and the second 2-D coefficients-via-quadrature-increment (d;_ d»)
by Ay and repeating the blocks of 750-770 until the quadrature gradient Gq is also less
than the gradient threshold Go. Refer to the first quadrature gradient Go from the
iteration that is less than the gradient threshold Gy as the optimal quadrature gradient,

Gaqopt. The first quadrature increment Ay may be either a positive or a negative value.

Form a composite coefficient

[0077] In block 780, form a composite coefficient w, from the optimal in-phase gradient, Giop
and the optimal quadrature gradient, Gop:.

We = €0 — [Gropt T Gooptl * Aw. eqn (7)

[0078] In various examples, the coefficient increment A, equals the first in-phase increment A
or the first quadrature increment Ay.

[0079] In block 785, supply the composite coefficient w, to the AIC circuit 416 to minimize the
residual dc bias. In various aspects, the in-phase and quadrature coefficients are updated
separately.

[0080] FIGs. 8a-8c¢ illustrate a flow diagram of an example algorithm for utilizing a simplified
stochastic approximation to determine coefficients for minimizing residual dc bias while
implementing interference cancellation in a receiver. In various aspects, a coefficient
computation algorithm uses a first digital signal component x(n) and a second digital
signal component y(n) as inputs. The coefficient computation algorithm utilizing the
simplified stochastic approximation produces a first baseband coefficient by and a
second baseband coefficient by as outputs. The first digital signal component x(n) is

referred to as an in-phase signal component and the second digital signal component
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v(n) is referred to as a quadrature signal component. Correspondingly, the first baseband
coefficient by is referred to as an in-phase coefficient and the second baseband
coefficient by is referred to as a quadrature coefficient. In various examples, the
coefficient computation algorithm utilizing the simplified stochastic approximation

resides within the algorithm engine 434 (shown in Fig. 4).

Compute Initial Cost Function C(z,)

[0081] In block 810, set a coefficient to an initial coefficient ¢y with an in-phase component
and a quadrature component. The initial coefficient co may be represented as (bxo, byo),
where by is the initial in-phase coefficient and by is the initial quadrature coefficient.
Although the example is presented with in-phase and quadrature coefficients, it may be
generalized to any two dimensions, i.e., to a first dimension and a second dimension. In
block 815, supply the initial coefficient ¢y to the AIC circuit 416 and obtain an initial
response 7g. In block 820, compute an initial cost function C(zy) evaluated at the initial
response 7. In various examples, the initial response 7 is obtained either as a sample
average or as a moving average. The initial cost function C(zy) corresponds to the initial

coefficient c.

Fix the quadrature Component and Increment the in-phase Component Utilizing
Simplified Stochastic Approximation

[0082] In block 825, obtain a first in-phase coefficient by; by incrementing the initial in-phase
coefficient by by a first in-phase increment Ay; that is, by; = by + Ax. Thus, a first 2-D
coefficient-via-in-phase-increment (c;) is represented as (b, byo). In block 830, supply
the first 2-D coefficient-via-in-phase-increment (c;) to the AIC circuit 416 and obtain a
first in-phase response ri. In block 835, compute an incremental in-phase cost function
C(r)) evaluated at the first in-phase response 1;. In various examples, the first in-phase
response 1) is obtained either as a sample average or as a moving average. The
incremental in-phase cost function C(r;) corresponds to the first 2-D coefficient-via-in-
phase-increment (c;). The first in-phase increment A; may be either a positive or a

negative value.

Fix the in-phase Component and Increment the quadrature Component Utilizing

Simplified Stochastic Approximation
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[0083] In block 840, select by as the initial in-phase coefficient and by as the initial quadrature
coefficient. In block 845, obtain a first quadrature coefficient by; by incrementing the
initial quadrature coefficient byo by a first quadrature increment Ay; that is, by; = by +
Ay. Thus, a first 2-D coefficient-via-quadrature-increment (d;) is represented as (byo,
by1). In block 850, supply the first 2-D coefficient-via-quadrature-increment (d,) to the
AIC circuit 416 and obtain a first quadrature response s;. In block 855, compute an
incremental quadrature cost function C(s;) evaluated at the first quadrature response s;.
In various examples, the first quadrature response s; is obtained either as a sample
average or as a moving average. The incremental quadrature cost function C(s;)
corresponds to the first 2-D coefficient-via-quadrature-increment (d;). The first

quadrature increment Ay may be either a positive or a negative value.

Updating the Coefficients

[0084] In block 860, update the initial coefficient ¢y to obtain an updated coefficient w,

according to the following logic:
if C(r1) < C(zo) and C(s1) < C(z0), set wi1=co+ (A HA,)
else 1f C(r;) > C(zp) and C(s1) < C(zo), set w1 = co+ (-AcHJAy)
else if C(r1) < C(zo) and C(s1) > C(20), set w1 = co+ (Ax—jAy)
else, set wi=co+ (-Ax—JAy).

[0085] In block 865, supply the updated coefficient wi to the AIC circuit 416 and obtain an
updated response z;. In block 870, compute an updated cost function C(z;) evaluated at
the updated response z,. In various examples, the updated response z; is obtained either
as a sample average or as a moving average. The updated cost function C(z)
corresponds to the updated coefficient w;.

[0086] In block 875, repeat blocks 825-835 and 845-870 to obtain an optimal updated
coefficient wop. The optimal updated coefficient woy corresponds to an optimal cost
function, where the optimal cost function is a cost function that is less than a cost
function threshold Cinresioid. One would understand that values of the cost function
threshold Cipeshola may depend on one or more of the following: analog to digital
converter (ADC 432) quantization level, thermal noise at ADC 432, interference at

ADC 432, the presence of the desired signal, etc.
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[0087] In block 880, supply the optimal coefficient woy to the AIC circuit to minimize the
residual dc bias. In various aspects, the in-phase and quadrature coefficients are updated
separately.

[0088] FIGs. 9a-9b illustrate a flow diagram of a method for interference cancellation. The
method may be performed by a device having one or more transmitters and one or more
receivers. In various examples, the one or more transmitters and receivers both operate
in accordance with the same radio access technology (RAT). In another example, the
device is configured to transmit signals in accordance with a first RAT while receiving
signals transmitted in accordance with a second RAT. In block 905, the device may
receive a transmission signal. In various aspects, a receiver (e.g., receiver 420 shown in
FIG. 4) is used to receive the transmission signal. In various examples, the receiver may
be coupled to at least one processor configured to perform the steps in one or more
blocks 910 through 990. In block 910, the device may compute a first cost function
value utilizing a first set of coefficients. In various aspects, the device may use the cost
function computation module 505 (shown in FIG. 5) to compute the first cost function
value. In various examples, the first set of coefficients are stored values, for example,
stored in a memory that is part of the device.

[0089] In block 920, the device may compute a second set of coefficients utilizing a first
coefficient control algorithm. In various examples, the first coefficient control algorithm
is one of the following: a voltage sweeping algorithm, a stochastic approximation
algorithm, a simplified stochastic approximation algorithm. In various aspects, the
device includes a coefficient computation module 555 to compute the second set of
coefficients, wherein the coefficient computation module 555 may include one or more
of the following modules: voltage sweeping module 540, simplified stochastic
approximation module 550 or stochastic approximation module 560 (shown in FIG. 5).
In various examples, the coefficient computation module 555 may include other
module(s) for other coefficient computation algorithm(s). A predefined condition may
enable the first coefficient control algorithm for usage. In various examples, the
predefined condition is a received signal strength indication (RSSI) being greater than a
RSSI threshold, and the RSSI is associated with the first cost function value. If the
difference between the RSSI and a previous RSSI is greater than a predetermined value,
the RSSI is associated with the first cost function value. In various examples, the

predetermined value may be based on thermal noise level, interference level and/or
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propagation conditions, etc. In various examples, the first set of coefficients and the
second set of coefficients are represented by in-phase and quadrature components.

[0090] In block 930, the device may compute a second cost function value utilizing the second
set of coefficients. For example, the device may compute the second cost function value
based on a moving average or on a sample average of a plurality of samples resulting
from the applied second set of coefficients. In various examples, the device may
compute the first cost function value and the second cost function value based on
respective mean square errors. In various aspects, the device may use the cost function
computation module 505 (shown in FIG. 5) to compute the second cost function value.

[0091] In block 940, the device may compare the second cost function value with the first cost
function value to yield a comparison. In various aspects, the device may use the cost
function comparison module 520 (shown in FIG. 5) to compare the second cost function
value with the first cost function value.

[0092] In block 950, the device may use the comparison to determine whether to apply the first
set or the second set of coefficients for the interference cancellation. For example, if the
comparison indicates that the second cost function value is less than the first cost
function value, the second set of coefficients is applied for the interference cancellation.
In various aspects, the device may use the coefficient computation algorithm selection
module 530 (shown in FIG. 5) to determine whether to apply the first set or the second
set of coefficients for the interference cancellation.

[0093] In block 960, the device may continue to compute a third set of coefficients based on the
second set of coefficients utilizing a second coefficient control algorithm if the
comparison yields that the second cost function value is less than the first cost function
value. The second coefficient control algorithm may be the same as the first coefficient
control algorithm. For example, the algorithms may be one of the following: a voltage
sweeping algorithm, a stochastic approximation algorithm, a simplified stochastic
approximation algorithm. In another example, the second coefficient control algorithm
is different from the first coefficient control algorithm. In various examples, the first
coefficient control algorithm and the second coefficient control algorithm are each one
of the following: a voltage sweeping algorithm, a stochastic approximation algorithm, a
simplified stochastic approximation algorithm. And, the device may use the coefficient
computation module 555 to compute the third set of coefficients. Or, the device may use

the corresponding module(s) - voltage sweeping module 540, simplified stochastic
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approximation module 550 or stochastic approximation module 560 (shown in FIG. 5) -
to compute the third set of coefficients.

[0094] In block 970, the device may compute a third cost function value utilizing the third set
of coefficients. In various aspects, the device may use the cost function computation
module 505 (shown in FIG. 5) to compute the third cost function value. In block 980,
the device may compare the third cost function value with the second cost function
value to yield an updated comparison. In various aspects, the device may use the cost
function comparison module 520 (shown in FIG. 5) to compare the third cost function
value with the second cost function value.

[0095] In block 990, the device may use the updated comparison to determine whether to apply
the third set of coefficients for the interference cancellation. In various aspects, the
device may use the coefficient computation algorithm selection module 530 (shown in
FIG. 5) to determine whether to apply the third set of coefficients for the interference
cancellation. In various examples, the device may repeat the blocks of 960 through 990
for yet one or more sets of coefficients and cost function values. In various aspects, the
blocks 910 through 990 may be performed by the coefficient controller 450, and the
coefficient controller 450 may be coupled to at least one processor configured to
perform the steps in blocks 910 through 990.

[0096] In block 995, the device (e.g., using the AIC circuit 416) may apply one of the sets (e.g.,
first set, second set, third set, etc.) of coefficients to filter a reference signal and then
subtract (e.g., using the receiver 420) the filtered reference signal from the received
transmission signal for interference cancellation. In various examples, the set of
coefficients is inputted into the AIC circuit 416 to modify the frequency response of the
AIC circuit 416 which filters the reference signal inputted to the AIC circuit 416. A
filtered reference signal is then outputted from the AIC circuit 416 to the adder 422
(shown in FIG. 4). At the adder 422, the filtered reference signal is subtracted from the
received transmission signal (from block 905), resulting in interference cancellation.

[0097] FIG. 10 is a diagram illustrating a simplified example of a hardware implementation for
an apparatus 1000 employing a processing circuit 1002. The processing circuit typically
has a processor 1016 that may include one or more of a microprocessor,
microcontroller, digital signal processor, a sequencer and a state machine. The
processing circuit 1002 may be implemented with a bus architecture, represented

generally by the bus 1020. The bus 1020 may include any number of interconnecting
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buses and bridges depending on the specific application of the processing circuit 1002
and the overall design constraints. The bus 1020 links together various circuits
including one or more processors and/or hardware modules, represented by the
processor 1016, the modules or circuits 1004 and 1008, transceiver circuits 1012
configurable to communicate over the one or more antennas 1014 and the computer-
readable storage medium 1018. The bus 1020 may also link various other circuits such
as timing sources, peripherals, voltage regulators, and power management circuits,
which are well known in the art, and therefore, will not be described any further.

[0098] The processor 1016 is responsible for general processing, including the execution of
software stored on the computer-readable storage medium 1018. In various examples,
the computer-readable storage medium stores computer executable code operable on a
device. The software, when executed by the processor 1016, causes the processing
circuit 1002 to perform the various functions described supra for any particular
apparatus. The computer-readable storage medium 1018 may also be used for storing
data that is manipulated by the processor 1016 when executing software, including data
transmitted or received in RF signals transmitted over the one or more antennas 1014,
which may be configured as data lanes and clock lanes. The processing circuit 1002
further includes at least one of the modules 1004 and 1008. The modules 1004 and 1008
may be software modules running in the processor 1016, resident/stored in the
computer-readable storage medium 1018, one or more hardware modules coupled to the
processor 1016, or some combination thereof. The modules 1004 and/or 1008 may
include microcontroller instructions, state machine configuration parameters, or some
combination thereof.

[0099] In one configuration, the apparatus 1000 for wireless communication includes a module
and/or circuit 1004 that is configured to receive and process a reference signal
representative of an interfering signal transmitted by apparatus 1000, a module and/or
circuit 1008 configured to configure a filter utilizing RF, baseband or digital feedback,
and a module and/or circuit 1010 configured to cancel interference in the RF signal.
Although it is shown in FIG. 10 that the modules/circuits (e.g., 1004, 1008, 1010, 1012,
1018) are external to processor 1016, one would understand that one or more of these
modules/circuits may reside within the processor 1016.

[00100] FIG. 11 is a conceptual diagram 1100 illustrating a simplified example of a

hardware implementation for an apparatus employing a processing circuit 1102 that may
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be configured to perform one or more functions disclosed herein. In accordance with
various aspects of the disclosure, an element, or any portion of an element, or any
combination of elements as disclosed herein may be implemented utilizing the
processing circuit 1102. The processing circuit 1102 may include one or more
processors 1104 that are controlled by some combination of hardware and software
modules. Examples of processors 1104 include microprocessors, microcontrollers,
digital signal processors (DSPs), field programmable gate arrays (FPGAs),
programmable logic devices (PLDs), state machines, sequencers, gated logic, discrete
hardware circuits, and other suitable hardware configured to perform the various
functionality described throughout this disclosure. The one or more processors 1104
may include specialized processors that perform specific functions, and that may be
configured, augmented or controlled by one of the software modules 1116. The one or
more processors 1104 may be configured through a combination of software modules
1116 loaded during initialization, and further configured by loading or unloading one or
more software modules 1116 during operation.

[00101] In the illustrated example, the processing circuit 1102 may be implemented with
a bus architecture, represented generally by the bus 1110. The bus 1110 may include
any number of interconnecting buses and bridges depending on the specific application
of the processing circuit 1102 and the overall design constraints. The bus 1110 links
together various circuits including the one or more processors 1104, and storage 1106.
Storage 1106 may include memory devices and mass storage devices, and may be
referred to herein as computer-readable storage media and/or processor-readable storage
media. The bus 1110 may also link various other circuits such as timing sources, timers,
peripherals, voltage regulators, and power management circuits. A bus interface 1108
may provide an interface between the bus 1110 and one or more transceivers 1112. A
transceiver 1112 may be provided for each networking technology supported by the
processing circuit. In some instances, multiple networking technologies may share some
or all of the circuitry or processing modules found in a transceiver 1112. Each
transceiver 1112 provides a means for communicating with various other apparatus over
a transmission medium. Depending upon the nature of the apparatus, a user interface
1118 (e.g., keypad, display, speaker, microphone, joystick) may also be provided, and
may be communicatively coupled to the bus 1110 directly or through the bus interface

1108.
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[00102] A processor 1104 may be responsible for managing the bus 1110 and for general
processing that may include the execution of software stored in a computer-readable
storage medium that may include the storage 1106. In this respect, the processing circuit
1102, including the processor 1104, may be used to implement any of the methods,
functions and techniques disclosed herein. The storage 1106 may be used for storing
data that is manipulated by the processor 1104 when executing software, and the
software may be configured to implement any one of the methods disclosed herein.

[00103] One or more processors 1104 in the processing circuit 1102 may execute
software. Software shall be construed broadly to mean instructions, instruction sets,
code, code segments, program code, programs, subprograms, software modules,
applications, software applications, software packages, routines, subroutines, objects,
executables, threads of execution, procedures, functions, algorithms, etc., whether
referred to as software, firmware, middleware, microcode, hardware description
language, or otherwise. The software may reside in computer-readable form in the
storage 1106 or in an external computer-readable storage medium. The external
computer-readable storage medium and/or storage 1106 may include a non-transitory
computer-readable storage medium. A non-transitory computer-readable storage
medium includes, by way of example, a magnetic storage device (e.g., hard disk, floppy
disk, magnetic strip), an optical disk (e.g., a compact disc (CD) or a digital versatile disc
(DVD)), a smart card, a flash memory device (e.g., a “flash drive,” a card, a stick, or a
key drive), a random access memory (RAM), a read only memory (ROM), a
programmable ROM (PROM), an erasable PROM (EPROM), an electrically erasable
PROM (EEPROM), a register, a removable disk, and any other suitable medium for
storing software and/or instructions that may be accessed and read by a computer. The
computer-readable storage medium and/or storage 1106 may also include, by way of
example, a carrier wave, a transmission line, and any other suitable medium for
transmitting software and/or instructions that may be accessed and read by a computer.
Computer-readable storage medium and/or the storage 1106 may reside in the
processing circuit 1102, in the processor 1104, external to the processing circuit 1102,
or be distributed across multiple entities including the processing circuit 1102. The
computer-readable storage medium and/or storage 1106 may be embodied in a computer
program product. By way of example, a computer program product may include a

computer-readable storage medium in packaging materials. Those skilled in the art will
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recognize how best to implement the described functionality presented throughout this
disclosure depending on the particular application and the overall design constraints
imposed on the overall system.

[00104] The storage 1106 may maintain software maintained and/or organized in
loadable code segments, modules, applications, programs, etc., which may be referred to
herein as software modules 1116. Each of the software modules 1116 may include
instructions and data that, when installed or loaded on the processing circuit 1102 and
executed by the one or more processors 1104, contribute to a run-time image 1114 that
controls the operation of the one or more processors 1104. When executed, certain
instructions may cause the processing circuit 1102 to perform functions in accordance
with certain methods, algorithms and processes described herein.

[00105] Some of the software modules 1116 may be loaded during initialization of the
processing circuit 1102, and these software modules 1116 may configure the processing
circuit 1102 to enable performance of the various functions disclosed herein. For
example, some software modules 1116 may configure internal devices and/or logic
circuits 1122 of the processor 1104, and may manage access to external devices such as
the transceiver 1112, the bus interface 1108, the user interface 1118, timers,
mathematical coprocessors, and so on. The software modules 1116 may include a
control program and/or an operating system that interacts with interrupt handlers and
device drivers, and that controls access to various resources provided by the processing
circuit 1102. The resources may include memory, processing time, access to the
transceiver 1112, the user interface 1118, and so on.

[00106] One or more processors 1104 of the processing circuit 1102 may be
multifunctional, whereby some of the software modules 1116 are loaded and configured
to perform different functions or different instances of the same function. The one or
more processors 1104 may additionally be adapted to manage background tasks initiated
in response to inputs from the user interface 1118, the transceiver 1112, and device
drivers, for example. To support the performance of multiple functions, the one or more
processors 1104 may be configured to provide a multitasking environment, whereby
each of a plurality of functions is implemented as a set of tasks serviced by the one or
more processors 1104 as needed or desired. In various examples, the multitasking
environment may be implemented utilizing a timesharing program 1120 that passes

control of a processor 1104 between different tasks, whereby each task returns control
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of the one or more processors 1104 to the timesharing program 1120 upon completion
of any outstanding operations and/or in response to an input such as an interrupt. When
a task has control of the one or more processors 1104, the processing circuit is
effectively specialized for the purposes addressed by the function associated with the
controlling task. The timesharing program 1120 may include an operating system, a
main loop that transfers control on a round-robin basis, a function that allocates control
of the one or more processors 1104 in accordance with a prioritization of the functions,
and/or an interrupt driven main loop that responds to external events by providing
control of the one or more processors 1104 to a handling function.

[00107] Additionally, the components described in FIGs. 10 and 11 may be implemented
to perform some or all the blocks of the flow diagrams in FIGs. 6-9. Several aspects of a
telecommunications system have been presented. As those skilled in the art will readily
appreciate, various aspects described throughout this disclosure may be extended to
various types of telecommunication systems, network architectures and communication
standards.

[00108] Within the present disclosure, the word “exemplary” is used to mean “serving as
an example, instance, or illustration.” Any implementation or aspect described herein as
“exemplary” is not necessarily to be construed as preferred or advantageous over other
aspects of the disclosure. Likewise, the term “aspects™ does not require that all aspects
of the disclosure include the discussed feature, advantage or mode of operation. The
term “coupled” is used herein to refer to the direct or indirect coupling between two
objects. For example, if object A physically touches object B, and object B touches
object C, then objects A and C may still be considered coupled to one another—even if
they do not directly physically touch each other. For instance, a first die may be coupled
to a second die in a package even though the first die is not directly physically in contact
with the second die. The terms “circuit” and “circuitry” are used broadly, and intended
to include both hardware implementations of electrical devices and conductors that,
when connected and configured, enable the performance of the functions described in
the present disclosure, without limitation as to the type of electronic circuits, as well as
software implementations of information and instructions that, when executed by a
processor, enable the performance of the functions described in the present disclosure.

[00109] One or more of the components, blocks, features and/or functions illustrated in

the figures may be rearranged and/or combined into a single component, block, feature
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or function or embodied in several components, blocks, or functions. Additional
elements, components, blocks, and/or functions may also be added without departing
from novel features disclosed herein. The apparatus, devices, and/or components
illustrated in the various drawings may be configured to perform one or more of the
methods, features, or blocks described herein. The novel algorithms described herein
may also be efficiently implemented in software and/or embedded in hardware.

[00110] It is to be understood that the specific order or hierarchy of blocks in the
methods disclosed is an illustration of exemplary processes. Based upon design
preferences, it is understood that the specific order or hierarchy of blocks in the methods
may be rearranged. The accompanying method claims present elements of the various
blocks in a sample order, and are not meant to be limited to the specific order or
hierarchy presented unless specifically recited therein.

[00111] 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 are to be accorded the full scope consistent with the
language of the 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.”
Unless specifically stated otherwise, the term “some” refers to one or more. A phrase
referring to “at least one of” a list of items refers to any combination of those items,
including single members. As an example, “at least one of: a, b, or ¢” is intended to
cover: a; b; ¢c; aand b; a and ¢; b and ¢; and a, b and ¢. 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 utilizing the phrase “means for” or, in the case of

a method claim, the element is recited utilizing the phrase “step for.”
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CLAIMS

1. A method for interference cancellation, comprising:

utilizing a receiver to receive a transmission signal;

computing a first cost function value utilizing a first set of coefficients;

computing a second set of coefficients utilizing a first coefficient control
algorithm;

computing a second cost function value utilizing the second set of coefficients;

comparing the second cost function value with the first cost function value to
yield a comparison;

utilizing the comparison to determine whether to apply the first set or the second
set of coefficients for the interference cancellation; and

applying one of the first set or the second set of coefficients to filter a reference
signal and subtracting the filtered reference signal from the received transmission signal

for the interference cancellation.

2. The method of claim 1, wherein the first coefficient control algorithm is one of
the following: a voltage sweeping algorithm, a stochastic approximation algorithm, or a

simplified stochastic approximation algorithm.

3. The method of claim 1, wherein a predefined condition enables the first

coefficient control algorithm for usage.

4, The method of claim 3, wherein the predefined condition is a received signal
strength indication (RSSI) being greater than a RSSI threshold, wherein the RSSI is

associated with the first cost function value.

5. The method of claim 1, further comprising applying the second set of
coefficients for the interference cancellation if the comparison indicates that the second

cost function value is less than the first cost function value.

6. The method of claim 1, further comprising computing a third set of coefficients

based on the second set of coefficients utilizing a second coefficient control algorithm if
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the comparison yields that the second cost function value is less than the first cost

function value.

7. The method of claim 6, further comprising:
computing a third cost function value utilizing the third set of coefficients;
comparing the third cost function value with the second cost function value to
yield a updated comparison; and
utilizing the updated comparison to determine whether to apply the third set of

coefficients for the interference cancellation.

8. The method of claim 6, wherein the second coefficient control algorithm is the
same as the first coefficient control algorithm; and wherein the first coefficient control
algorithm is one of the following: a voltage sweeping algorithm, a stochastic

approximation algorithm, or a simplified stochastic approximation algorithm.

9. The method of claim 6, wherein the second coefficient control algorithm is
different from the first coefficient control algorithm; and wherein the first coefficient
control algorithm and the second coefficient control algorithm include two of the
following: a voltage sweeping algorithm, a stochastic approximation algorithm, or a

simplified stochastic approximation algorithm.

10. The method of claim 1, wherein the computing the second cost function value is
based on a moving average or a sample average of a plurality of samples resulting from

the applied second set of coefficients.

11. The method of claim 1, wherein the first set of coefficients and the second set of

coefficients are represented by in-phase and quadrature components.
12. The method of claim 1, wherein the computing the first cost function value is
based on a first mean square error, and the computing the second cost function value is

based on a second mean square error.

13. An apparatus for interference cancellation, comprising:
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at least one processor;
a memory for storing a first set of coefficients, the memory coupled to the at
least one processor;
a receiver coupled to the at least one processor, the receiver configured for
receiving a transmission signal;
a coefficient controller coupled to the at least one processor configured for
performing the following:
computing a first cost function value utilizing the first set of coefficients;
computing a second set of coefficients utilizing a first coefficient control
algorithm;
computing a second cost function value utilizing the second set of
coefficients;
comparing the second cost function value with the first cost function
value to vield a comparison; and
utilizing the comparison to determine whether to apply the first set or the
second set of coefficients for the interference cancellation; and
an analog interference cancellation (AIC) circuit for applying one of the first set
or the second set of coefficients to filter a reference signal, and wherein the receiver
subtracts the filtered reference signal from the received transmission signal for the

interference cancellation.

14.  The apparatus of claim 13, wherein a predefined condition enables the first
coefficient control algorithm for usage, and wherein the predefined condition is a
received signal strength indication (RSSI) being greater than a RSSI threshold and the

RSSI 1s associated with the first cost function value.

15. The apparatus of claim 13, wherein the analog interference cancellation (AIC)
circuit applies the second set of coefficients for the interference cancellation if the
comparison indicates that the second cost function value is less than the first cost

function value.

16.  The apparatus of claim 13, wherein the coefficient controller comprises a cost

function computation module for computing the first cost function value and the second
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cost function value, a coefficient computation module for computing the second set of
coefficients, a cost function comparison module for comparing the second cost function
value with the first cost function value, and a coefficient computation algorithm
selection module for utilizing the comparison to determine whether to apply the first set

or the second set of coefficients.

17.  The apparatus of claim 16, wherein the coefficient computation module
comprises at least one of the following modules: a voltage sweeping module for
performing a voltage sweeping algorithm, a stochastic approximation module for
performing a stochastic approximation algorithm, or a simplified stochastic

approximation module for performing a simplified stochastic approximation algorithm.

18. The apparatus of claim 16, wherein the coefficient computation module
computes a third set of coefficients based on the second set of coefficients utilizing a
second coefficient control algorithm if the comparison yields that the second cost

function value is less than the first cost function value.

19.  The apparatus of claim 18, wherein:

the cost function computation module computes a third cost function value
utilizing the third set of coefficients;

the cost function comparison module compares the third cost function value with
the second cost function value to vield a updated comparison; and

the coefficient computation algorithm selection module utilizes the updated
comparison to determine whether to apply the third set of coefficients for the

interference cancellation.

20.  The apparatus of claim 13, wherein the second cost function value is computed
based on a moving average or a sample average of a plurality of samples resulting from

the applied second set of coefficients.

21.  The apparatus of claim 13, wherein the first set of coefficients and the second set

of coefficients are represented by in-phase and quadrature components.
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22, The apparatus of claim 13, wherein the first cost function value is computed
based on a first mean square error, and the second cost function value is computed

based on a second mean square error.

23. An apparatus for interference cancellation, comprising:

at least one processor;

a memory for storing a first set of coefficients, the memory coupled to the at
least one processor;

a receiver coupled to the at least one processor for receiving a transmission
signal;

means for computing a first cost function value utilizing the first set of
coefficients;

means for computing a second set of coefficients utilizing a first coefficient
control algorithm;

means for computing a second cost function value utilizing the second set of
coefficients;

means for comparing the second cost function value with the first cost function
value to yield a comparison;

means for utilizing the comparison to determine whether to apply the first set or
the second set of coefficients for the interference cancellation; and

means for applying one of the first set or the second set of coefficients to filter a
reference signal and

wherein the receiver subtracts the filtered reference signal from the received

transmission signal for the interference cancellation.

24, The apparatus of claim 23, wherein a predefined condition enables the first
coefficient control algorithm for usage, and wherein the predefined condition is a
received signal strength indication (RSSI) being greater than a RSSI threshold and the

RSSI 1s associated with the first cost function value.

25. The apparatus of claim 23, further comprising means for applying the second set
of coefficients for the interference cancellation if the comparison indicates that the

second cost function value 1s less than the first cost function value.
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26. The apparatus of claim 23, further comprising:

means for computing a third set of coefficients based on the second set of
coefficients utilizing a second coefficient control algorithm if the comparison yields that
the second cost function value is less than the first cost function value.

means for computing a third cost function value utilizing the third set of
coefficients;

means for comparing the third cost function value with the second cost function
value to yield a updated comparison; and

means for utilizing the updated comparison to determine whether to apply the

third set of coefficients for the interference cancellation.

27.  The apparatus of claim 23, wherein the means for computing the second cost
function value computes the second cost function value based on a moving average or a
sample average of a plurality of samples resulting from the applied second set of
coefficients, and the means for computing the first cost function value computes the first
cost function value based on a first mean square error, and the computing the second

cost function value is based on a second mean square error.

28. A computer-readable storage medium storing computer executable code,
operable on a device comprising at least one processor; a memory for storing a first set
of coefficients, the memory coupled to the at least one processor; a receiver coupled to
the at least one processor, wherein the receiver is configured to receive a transmission
signal; and the computer executable code comprising;

instructions for causing the at least one processor to compute a first cost function
value utilizing the first set of coefficients;

instructions for causing the at least one processor to compute a second set of
coefficients utilizing a first coefficient control algorithm;

instructions for causing the at least one processor to compute a second cost
function value utilizing the second set of coefficients;

instructions for causing the at least one processor to compare the second cost

function value with the first cost function value to yield a comparison;
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instructions for causing the at least one processor to utilize the comparison to
determine whether to apply the first set or the second set of coefficients for interference
cancellation; and

instructions for causing the at least one processor to apply one of the first set or
the second set of coefficients to filter a reference signal, wherein the receiver is further
configured to subtract the filtered reference signal from the received transmission signal

for the interference cancellation.

29. The computer-readable storage medium of claim 28, wherein the computer
executable code further comprising instructions for causing the at least one processor to
apply the second set of coefficients for the interference cancellation if the comparison
indicates that the second cost function value is less than the first cost function value or
to compute a third set of coefficients based on the second set of coefficients utilizing a
second coefficient control algorithm if the comparison yields that the second cost

function value is less than the first cost function value.

30. The computer-readable storage medium of claim 29, wherein the computer
executable code further comprising:

instructions for causing the at least one processor to compute a third cost
function value utilizing the third set of coefficients;

instructions for causing the at least one processor to compare the third cost
function value with the second cost function value to yield a updated comparison; and

instructions for causing the at least one processor to utilize the updated
comparison to determine whether to apply the third set of coefficients for the

interference cancellation.
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According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

HO4B HO4J HO4L

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data, INSPEC

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

1 March 2005 (2005-03-01)
abstract; figures 2,3

column 2, Tine 12
column 4, line 42
column 5, Tine 44

abstract; figures 2-4
paragraph [0007]

abstract; figures 5-10

X US 6 862 315 Bl (GARG ATUL [US] ET AL)

column 3, Tine 41
column 5, line 8
column 6, Tine 63

X US 20087089397 Al (VETTER KURT G [US] ET
AL) 17 April 2008 (2008-04-17)
paragraph [0016] - paragraph [0029]

X US 8 792 598 B1 (CENDRILLON RAPHAEL [US]
ET AL) 29 July 2014 (2014-07-29)

column 6, 1line 64 - column 10, Tine 43

1-30

1-30

1-30

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

27 May 2016

Date of mailing of the international search report

07/06/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Galli, Paoclo
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Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.
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US 2014/307569 Al (BARBIERI ALAN [US] ET
AL) 16 October 2014 (2014-10-16)
abstract; figures 5-8,10

paragraph [0005] - paragraph [0016]
paragraph [0065] - paragraph [0072]
paragraph [0084] - paragraph [0098]

US 20117021170 Al (KOLZE THOMAS JOSEPH
[US] ET AL) 27 January 2011 (2011-01-27)
abstract; figures 3-5,9,11

paragraph [0002] - paragraph [0004]
paragraph [0052] - paragraph [0058]
paragraph [0118] - paragraph [0133]

1-30
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Form PCT/ISA/210 (continuation of second sheet) (April 2005)
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