METHOD AND APPARATUS FOR MANAGING INTERFERENCE IN A COMMUNICATION DEVICE
CROSS-REFERENCE TO RELATED APPLICATIONS 100011This application claims priority to U.S.
Provisional Application Serial No. 61/326,206 filed on April 20, 2010, the disclosure of which is hereby
incorporated by reference in its entirety. FIELD OF THE DISCLOSURE [0002]The present disclosure
relates generally to communication device operations, and more specifically to a method and
apparatus for managing interference in a communication device.

METHOD AND APPARATUS FOR MANAGING INTERFERENCE IN A
COMMUNICATION DEVICE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application Serial No.
61/326,206 filed on April 20, 2010, the disclosure of which is hereby incorporated by

reference in its entirety.

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates generally to communication device
operations, and more specifically to a method and apparatus for managing

interference in a communication device.

BACKGROUND

[0003] The quality of wireless communications between wircless access points
such as Wireless Fidelity (WiFi) or cellular base stations and portable mobile devices
such as cell phones and laptop computers can depend on many factors. For example,
an antenna’s performance in a portable device can be impacted by its operating
environment. Multiple use cases can exist for radio handsets, which include such
conditions as the placement of the handset’s antenna next to a user’s head, or in the
user’s pocket or the covering of an antenna with a hand, which can significantly
impair wireless device efficiency. Similarly, the quality of wireless communications

can be affected by network topology and location of the mobile device.
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BACKGROUND [0003]The quality of wireless communications between wireless access points such
as Wireless Fidelity (WiFi) or cellular base stations and portable mobile devices such as cell phones
and laptop computers can depend on many factors. For example, an antenna's performance in a
portable device can be impacted by its operating environment. Multiple use cases can exist for radio
handsets, which include such conditions as the placement of the handset's antenna next to a user's
head, or in the user's pocket or the covering of an antenna with a hand, which can significantly impair
wireless device efficiency. Similarly, the quality of wireless communications can be affected by network
topology and location of the mobile device. BRIEF DESCRIPTION OF THE DRAWINGS 100041FIG.
1 depicts an illustrative embodiment of a communication device; 100051FIG. 2 depicts an illustrative
embodiment of a EJ !i%].:. BFQ%%P‘;E&Q,%PJ? mn device of FIG. 1;

[0004] FIG. 1 depicts an illustrative embodiment of a communication device;

[0005] FIG. 2 depicts an illustrative embodiment of a portion of a transceiver of
the communication device of FIG. 1;

[0006] FIGs. 3-4 depict illustrative embodiments of a tunable matching network
of the transceiver of FIG. 2;

[0007] FIGs. 5-6 depict illustrative embodiments of a tunable reactive element of
the tunable matching network;

[0008] FIGs. 7-8 depict illustrative embodiments of portions of communication
devices with tunable matching networks;

[0009] FIG. 9 depicts a method operating in portions of the communication device
of FIGs. 7-8;

[00010] FIG. 10 depicts an illustrative embodiment of a portion of communication
devices including a power and phase detector;

[00011] FIG. 11 depicts an illustrative embodiment of a frequency diagram for the
communication device of FIG. 10;

[00012] FIGs. 12-16 depict illustrative embodiments of portions of communication
devices including power and phase detectors;

[00013] FIGs. 17-18 depict illustrative embodiments of exemplary timing
diagrams;

[00014] FIG. 19 depicts an illustrative embodiment of a portion of a
communication device including a power and phase detector;

[00015] FIG. 20 depicts an exemplary diagrammatic representation of a machine in
the form of a computer system within which a set of instructions, when executed, may

cause the machine to perform any one or more of the methodologies disclosed herein.

DETAILED DESCRIPTION

[00016] One embodiment of the present disclosure entails a computer-readable
storage medium comprising computer instructions to detect an existence of an

interferer and determine a tuning state of a matching network having a tunable

Page 2



100061FIGs. 3-4 depict illustrative embodiments of a tunable matching network of the transceiver of
FIG. 2; 100071FIGs. 5-6 depict illustrative embodiments of a tunable reactive element of the tunable
matching network; [0008]FIGs. 7-8 depict illustrative embodiments of portions of communication
devices with tunable matching networks; [0009]FIG. 9 depicts a method operating in portions of the
communication device of FIGs. 7-8;

reactance, where the determination of the tuning state is based on whether the
interferer exists and is based on information from at least one of an open-loop or
closed-loop feedback configuration.

[00017] One embodiment of the present disclosure entails a matching network,
comprising: a tunable reactance circuit configured to be coupled to at least one of a
transmitter portion and a receiver portion of a communication device, wherein the
tunable reactance circuit is adjustable to a plurality of tuning states, and wherein the
determination of a tuning state is based on whether an interferer exists and is based on
information from at least one of an open-loop or closed-loop feedback configuration
of the tunable reactance circuit.

[00018] One embodiment of the present disclosure entails a method comprising
detecting interference with a communication device based on an existence of an
interferer and determining a tuning state of a variable matching network of the
communication device based on whether the interferer exists.

[00019] One embodiment of the present disclosure entails a communication device
comprising a controller to determine a tuning state of a variable matching network
that controls one or more operational characteristics of at least one of a receiver
portion and a transmitter portion of the communication device, where the controller is
operable to detect an existence of an interferer and determine the tuning state based on
whether the interferer exists and based on information from at least one of an open-
loop or closed-loop feedback configuration.

[00020] One embodiment of the present disclosure entails a method comprising
detecting an existence of an interferer that is interfering with a communication device;
determining a tuning state of a variable matching network of the communication
device based on whether the interferer exists; and adjusting the variable matching
network based on the determined tuning state only when the existence of the interferer
is not detected.

[00021] One embodiment of the present disclosure entails a method comprising
detecting interference with a communication device sourced by an interferer; and
determining a tuning state of a variable matching network of the communication

device based on the detected interference.
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[00010] FIG. 10 depicts an illustrative embodiment of a portion of communication devices including a
power and phase detector; [00011] FIG. 11 depicts an illustrative embodiment of a frequency diagram
for the communication device of FIG. 10; [00012] FIGs. 12-16 depict illustrative embodiments of
portions of communication devices including power and phase detectors; [00013] FIGs. 17-18 depict
illustrative embodiments of exemplary timing diagrams [00014] FIG. 19 depicts an illustrative
embodiment of a portion of a communication device including a power and phase detector; [00015]
FIG. 20 depicts an exemplary diagrammatic representation of a machine in the form of a computer

system within whigipa¢t obinstissinREndIaR-erecuUietk B CaMats thaenarhiogfapgform any one
or more of the me odolgﬂ%ies disclosed ereit%. DETAILED DESCRIPTION 1000161 One

embodiment of thESFEREMEREABEITE ShiARE S WsHBIbet SURRABIS L A5 E R URCES AN Fsing
computer instructiotisgsodetatbpancixistémae aidaadjinidrfer eunamglsdeterininaiablamiaglstate of a

matching ”etworkdéﬁ%rﬂﬁ & {Hg%ﬂﬁnunication device based on the interference parameters.
[00023] One embodiment of the present disclosure entails a matching network
comprising a tunable reactance circuit configured to be coupled to at least one of a
transmitter portion and a receiver portion of a communication device, wherein the
tunable reactance circuit is adjustable to a plurality of tuning states, and wherein the
determination of a tuning state is based on parameters associated with a detected
interference.
[00024] One embodiment of the present disclosure entails a non-transitory
computer-readable storage medium comprising computer instructions to determine
interference with a communication device; and adjust a tuning state of a variable
matching network of the communication device based on parameters associated with
the interference.
[00025] FIG. I depicts an exemplary embodiment of a communication device 100.
The communication device 100 can comprise a wireless transceiver 102 (herein
having independent transmit and receiver sections, a user interface (UI) 104, a power
supply 114, and a controller 106 for managing operations thereof. The wireless
transceiver 102 can utilize short-range or long-range wireless access technologies
such as Bluetooth, WiFi, Digital Enhanced Cordless Telecommunications (DECT), or
cellular communication technologies, just to mention a few. Cellular technologies can
include, for example, CDMA-1X, WCDMA, UMTS/HSDPA, GSM/GPRS,
TDMA/EDGE, EV/DO, WiMAX, and next generation cellular wircless
communication technologies as they arise.
[00026] The UI 104 can include a depressible or touch-sensitive keypad 108 with a
navigation mechanism such as a roller ball, joystick, mouse, or navigation disk for
manipulating operations of the communication device 100. The keypad 108 can be an
integral part of a housing assembly of the communication device 100 or an
independent device operably coupled thereto by a tethered wireline interface (such as

a flex cable) or a wireless interface supporting for example Bluetooth. The keypad
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reactance, where the determination of the tuning state is based on whether the interferer exists and is
based on information from at least one of an open-loop or closed-loop feedback configuration. [00017]
One embodiment of the present disclosure entails a matching network, comprising: a tunable
reactance circuit configured to be coupled to at least one of a transmitter portion and a receiver portion
of a communication device, wherein the tunable reactance circuit is adjustable to a plurality of tuning
states, and wherein the determination of a tuning state is based on whether an interferer exists and is
based on information from at least one of an open-loop or closed-loop feedback configuration of the

tunable rea%tance1oig§uﬁ-r%&@%84@ﬂ@r@ntmm%%gég&lﬁaﬁggmedésylﬂw@s,%wuﬁaa rpeth_od f
comprising etectl g Interference with a communicatiq evice pas on an_existence of an interferer
ot otorminma S TTRCETARE SF A R FTg b b Ba O AR Bbice based on
whether the interféi@rsexbsis nj0O@L8} e evhibvddiméhiqoidliaysradenpiscloE bR @ntalica

communication dyigg ERIRHPIARA CHTIRIEL IAMENMINSRINIING FIRlS Apiatiableiatching

network that controlS one or more operational characteristics of at Teast one of a receiver portion and a

transmitter portiorPbFidatB il e Balidedavise rddndichermhedinenpehastdhe dutayt an

existence of an intafjetertand deisirningsge, tunipaistasednasarkarwheinercthadverdarru ®yists and
based on information from atl least one of an open-loop or closed-loop feedback configuration. [00020]
e

One embodiment Bf¥ é‘i’}?&isclosure entails a method comprising detecting an existence of an
interferer that is in@réerhg Witk @ eemnpphidddanamdaiice cdeieominingrantwajrgnsiate of a variable

matching network. of;t upicati ' ed on whether the interferer. exists; and adjusting
the variable matcﬁ?r{glb(?qe%c%%%)g@%as%egéj %]\a%%ﬁ %&gﬁé?ﬁégufﬁﬁa%&é%r%v% en t ’egé(iistence of the
interferer is not deteagit [OTORIPhAel egitbbinErt pithenpigserthaiurpsrateafdlis a method

comprising deteCFH&%lﬁﬁ%ﬁi%{%ﬂ%\Yi@h@(ﬁt@@&_]ﬁf&i@%&ﬁtﬂ@‘wf@@w&e@Hé’c%ﬁltl@l%‘if%%féﬁnd

determlnmg a tunmgtstate of a variable matchln}glganeatvn\gci)rrk orft e croamnmurnlicailétélcl)ni dnea\lnce based on the

detected interfereRfdze computing technologies such as croprocessor and/or digital sig
processor (DSP) with associated storage memory such a Flash, ROM, RAM, SRAM,
DRAM or other like technologies.
[00028] FIG. 2 depicts an illustrative embodiment of a portion of the wireless
transceiver 102 of the communication device 100 of FIG. 1. In GSM applications, the
transmit and receive portions of the transceiver 102 can include common amplifiers
201, 203 coupled to a tunable matching network 202 and an impedance load 206 by
way of a switch 204. The load 206 in the present illustration can be an antenna as
shown in FIG. 1 (herein antenna 206). A transmit signal in the form of a radio
frequency (RF) signal (TX) can be directed to the amplifier 201 which amplifies the
signal and directs the amplified signal to the antenna 206 by way of the tunable
matching network 202 when switch 204 is enabled for a transmission session. The
receive portion of the transceiver 102 can utilize a pre-amplifier 203 which amplifies
signals received from the antenna 206 by way of the tunable matching network 202
when switch 204 is enabled for a receive session. Other configurations of FIG. 2 are
possible for other types of cellular access technologies such as CDMA. These
undisclosed configurations are contemplated by the present disclosure.
[00029] FIGs. 3-4 depict illustrative embodiments of the tunable matching network
202 of the transceiver 102 of FIG. 2. In one embodiment, the tunable matching

network 202 can comprise a control circuit 302 and a tunable reactive element 310.
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[00022] One embodiment of the present disclosure entails a method comprising determining
parameters of interference with a communication device, the interference being sourced by an
interferer; and adjusting a tuning state of a variable matching network of the communication device
based on the interference parameters. [00023] One embodiment of the present disclosure entails a
matching network comprising a tunable reactance circuit configured to be coupled to at least one of a
transmitter portion and a receiver portion of a communication device, wherein the tunable reactance
circuit is adjustable to a plurality of tuning states, and wherein the determination of a tuning state is

based orolI _palrametﬁ{@@wl atesiiith aslstagiack imed%daﬁg%o&o&l%%@r@gee@m@@ém%mpf the
present Isclosure entalls a non-transito uter-readable storage medi C prising computer
P ractions to Aot AT e D k) S e TR A e AN Sl oo P
yariable matchinganqﬂ&\fgrﬂhmmhe_ge@mmwekthﬁ@mcﬂ@m %edmhﬂﬁra‘gmte@ agﬁatmtgmbwith the
interference. [OOO%F?ln%}%%ﬁa%?éoﬂ&&a@Q ?&ﬁmﬁéﬁ{ys?ﬂ‘,%%'Qﬁ%%%fsﬁzci‘?%’g‘m&%%?%.d?v'ce 100. The

communication device 100 can comprise a wireless transceiver 102 (herein having independent

transmit and receiv8ichelenerisa aassielisterdceniigyratan ophgamsblsprpdaing, depcat ddAtrdler 106 for

managing operatigs iinRie@bnt AR WKSMSRARNSCRIMRLLID ¢ahMtlize &hadasanapRileng-range
wireless access technolg‘I ies suych as Blblctooth IFi, Digital Enh%nced C.ordlefss Telecommunications

(DECT), or cellular Eorimtit eaBrUeeintidgiBa et iREmtsn QRShCEBI A EMRHEIS §Es can
include, for exampless BBNMAG 1 ACIOMeA I I B ThSpRANE@BMIGRRS, TDMA/EDGE, EV/DO,

U1 10a camihooq SRRSO eSIB MR CRIBHRIER anSEAClSITA AR v Allne. 1900281 The

Ul 104 can includ ressible or touch-sensitive keypa with a navigation mechanism such as

a roller ball, joystitkamgtisef be aeragitaicn ofi skidsomenipifiating apeeditiens offthedwwhenunication

device 100. The a0 e Pe AR INRIALRR QfR-R YSiaE AgRENbLY 0 thricrMMNication
device 100 or an independent device operably coupled thereto tﬁé@é{‘ tethered wireline interface (such

as a flex cable) or*STHIPSIELL S RHHLBLSEGPYRRG ¥IF EXaMpre BIRsEaiAR 9t pad 108 can
represent a numetiengiadingrkie ypatacowamo Miynasked byaphands,aandiarembbditty i ehpadabiith
alphanumeric keys, The Ul 104 further includ isplay 1 uch.as monachrome or color LCD
(Liauid Crystal Dogtaty S e R s O AR ooy for
conveying imagesstyantiendodedoptiaicom eumpesitionsdbyicenvopor amermbidimentaghere the

display current tunable reactive element are contemplated by the present disclosure.
[00031] The DC-to-DC converter 304 can receive a power signal such as 3 Volts
from the power supply 114 of the communication device 100 in FIG. 1. The DC-to-
DC converter 304 can use common technology to amplify this power signal to a
higher range (e.g., 30 Volts) such as shown. The controller 106 can supply digital
signals to each of the DACs 306 by way of a control bus of “n” or more wires to
individually control the capacitance of tunable capacitors 504-508, thereby varying
the collective reactance of the tunable matching network 202. The control bus can be
implemented with a two-wire common serial communications technology such as a
Serial Peripheral Interface (SPI) bus. With an SPI bus, the controller 106 can submit
serialized digital signals to configure each DAC in FIG. 3 or the switches of the
tunable reactive element 404 of FIG. 4. The control circuit 302 of FIG. 3 can utilize
common digital logic to implement the SPI bus and to direct digital signals supplied
by the controller 106 to the DACs.
[00032] In another embodiment, the tunable matching network 202 can comprise a

control circuit 402 in the form of a decoder and a tunable reactive element 404
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110 is a touch-sensitive display, a portion or all of the keypad 108 can be presented by way of the
display. 1000271 The power supply 114 can utilize common power management technologies (such
as replaceable batteries, supply regulation technologies, and charging system technologies) for
supplying energy to the components of the communication device 100 to facilitate portable
applications. The controller 106 can utilize computing technologies such as a microprocessor and/or
digital signal processor (DSP) with associated storage memory such a Flash, ROM, RAM, SRAM,
DRAM or other like technologies. [00028]FIG. 2 depicts an illustrative embodiment of a portion of the

wireless transceiveyliaabthecpmpmrriaationdayica Aokl ik FIcGS M applications, the transmit
rs 201, 203 cog led to a

and receive portions of the trapsceiver 102 can include common amplifi
funable matching FORARI0R S AL IO RERERE S B) ThAy R CER ok Hehiad 206 n the
present illustratiorbeawhiehaanait eneial @svaliovemindalBodegneneirntamechiacA06): ¥ transmit signal in

the form of a radiq f&gg&%qﬁye%ﬁg gj‘%ﬂ[%lt{g&%%g&n%gg%?%%&f@?%wniﬁé%w gf@samplifies the

signal and directs the amplified signal to the antenna y way of t le Matching network 202
when switch 204 i€08rsab lediifsH eneatediiditmisosdisorFratebeedy enspiBACH IS raak¢eiver 102 can

utilize a pre-amplifigm2Q3wyRich amplifies-signalshiarivedidtnmiievantenpa.dgeeygy of the tunable
matching network 202 when switch 204 is enabled for a receive session. Other configurations of FIG.
2 are possible for %l?é%ﬁ%dsdd?a gl deang Fé%ﬂﬁl?)tfo(ﬁf’é’gcéf?&‘?raﬂg%ﬁﬂﬁ)Ao. ‘Fﬁégsg ViHbid&osed
configurations aresocdttéimpriatechbyctetirestattisetostnec [(FAD2BIEHE sc Rk deleiatdtuddative
embodiments of tfggntgé]ggjl%dnatching network 202 of the transceiver 102 of FIG. 2. In one
embodiment, the tunable matching network 202 can comprise a control circuit 302 and a tunable

reactive element 34¢033Ihe Ebntrokbilenief30e eatbkoniitidecaeeatls B2 cihviiedgodeone or more

digital to analog cepugsiris (RAMSIRAE GRS SRR CPiRsRIdInoRUIRIE 308§ wamplify the
voltage generated tg%]each DAC. The amplifieioflﬁ%:__gnal can be fed to one or. more tunable reactive

components 504, 588" &d BEE AR BUt RSN R rar 8 SRR PGS (S RSP LE SHERIFREN: configuration
for the tunable reaethiecelemaintifl foweithimsliugitatian tihe dumnaklie awactivace|@naereifdl0 includes

three tunable capa itars. 504- Y d an inductor RO2 with fP<ed indu lance, %pler ircuit
configurations are g%osfg?ﬁg,rg%g’%r@eobf%%%{eg%Slal'f(ran& Ib%/ot e pr)?gg%nn?’ cﬁscﬁi(%s%tr% 106 301The tunable
capacitors 504-508areisEchndtiizentechnology that enables

[00034] To achieve one or more desirable performance characteristics which a
designer can define, the communication device 100 can be placed in an anechoic
chamber. In this configuration, the designer can perform calibration measurements of
performance parameters of the communication device 100 such as Total Radiated
Power (TRP), Total Isotropic Sensitivity (TIS) or Radiated Harmonics measurements,
receiver efficiency, transmit power efficiency, and power consumption, just to
mention a few. For a multi-frequency band communication device 100, the
calibration measurements can be performed per band or per sub-band.

[00035] Additionally, the calibration measurements can be performed under a
number of use cases of the communication device 100 utilizing a phantom body that
emulates the composition of a human body. For instance, a communication device
100 having a housing assembly of a flip design, the communication device 100 can be
placed next to an ear of the phantom when the flip is open to emulate a typical
conversational use case. In a hands-free application such when a user utilizes a
Bluetooth headset or when the communication device 100 is in standby mode, the

communication device 100 can be placed on a hip of the phantom with the flip closed.
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tunability of the capacitance of said component. One embodiment of the tunable capacitors 504-508
can utilize voltage or current tunable dielectric materials such as a composition of barium strontium
titanate (BST). An illustration of a BST composition is the Parascang?) Tunable Capacitor. In another
embodiment, the tunable reactive element 310 can utilize semiconductor varactors. Other present or
next generation methods or material compositions that can support a means for a voltage or current
tunable reactive element are contemplated by the present disclosure. [00031] The DC-to-DC converter
304 can receive a power signal such as 3 Volts from the power supply 114 of the communication

devicle 100rin EIGc&LiﬁﬂaﬁoEP@aﬁq%ef@M@dtﬁﬁ a@éﬁm é!ﬁ% (éemrmsoxlilﬂ@ﬁm@,qgmmva,rlnpéify thlis povvler
signal to a higher range (e.g., 30 Volts) such as shown. The controller 106 can supply digital signals to
cci of the DACS SR DY Uikl BB B SIS e L FE Ay ROFRED tho
capacitance of turiabieboapaeytdirsnbid 08 rdhdrehly varymgntive cOlleatives readianpgliofl the tunable
matching networke% fr%]%g Qﬂldt&ﬂﬁ Ay ﬁdﬁ@ﬁ!:%ﬁbﬁ'i‘éed with a two-wire common serial

gy s i

communications techno ch as a Serial Peripheral Interface (SPI) bus. With an SPI bus, the
controller 106 canl 4Bt sEMaliZgrisit sigrpisnocedfgurat oA IRE ff FremBIgHepBOswitches of

the tunable reactiveale MRt Al libH e 400 ereaninalSincuil 30 Rf Hriten ALaRwilize IRaMmMon digital

logic to implement the SP1 bus and to direct digital signals supplied by the controller 106 to the DACs.
[00032] In anothef"aé}ﬁl?:%%q&aeﬂ’t‘ﬂrhg ﬁfr‘f%‘l%%‘?&f%ﬁ%‘r‘ig Het ?&P‘Qﬁg Sg?PI:%r%%%ed%{eéb‘H?%l circuit 402
in the form of a detidetagid Gottugappieadives pleifie hitd@rdtcdaritpuisitVasiichaklexeéactive elements
such as shown in F this ' t ntr u controkcircuit 402
signals via the SPtluh%s%v?lm?éﬁmégﬁ%g%? é@(%l%ﬂ%%ﬁ?%%%;ﬁ rr%lﬁjﬁggoo gg‘ﬁeo@@%@e r%l al% ﬁh eLr?ngic to
individually enabldugpklpsamsiehing Reiierisanaroents BB, ok eorRIMpsalerdditengo2can be
implemented with seriGOME USIREHMISRESWA, TIGHABRERIPSESVICReD SHAR AS WA ZEP 4B
micro-electromechanical systems (MEMS). By independently enabling and disablin%Cthe reactive

elements (capacittoFhditd B SR BAIRRPHRVAtk GATPE BT S BRI R AW deactance of
the tunable reactiveualaiinentot ddmcaritiee ardriedc QRO BRI hbidituingleidilynofriet inmatlgmatching

networks 202, 204, graviggs IRGANTANE 1062 MaaNs i CRIMIZE RAAMANGR RLAmelers of the
transceiver 102 suc as, or examprlle, qt npt |m|'gedato, transmltte( BIOWGI’,‘ transmitter e ‘C|ency,
receiver sensitivitgnpodiatcabribapaptiomiskiisa devinn lPidatio nraevide, ta dpatificabdMprivebrate (SA R)

of energy by a huianhrdysfaarere:Rand RaTiRIMRRFE.RYETIRIR Sy aNdR0iQN 1ARR3¢] To achieve
one or more desirable performance characteristics which a desijgner can define, the communication

device 100 can be'pISEl ficirRiftEdnuhichinrdsr fhsifed rosAJer drdrisidnet et Berform
calibration measursmeéRis. Oof ilpgsfesmadicd Earantaters bidhetleaRmisnitatongeavieedl0 such as Total

Radiated Power (TRY), Tl Iolionic Sensfviny (B15)or Srtlaleditia manice megspremens,
receiver efficiency, transmit power efficiendy, and power constumption, just to mention a few. For a
multi-frequency bandesedmunieatidhe deviee7000, the calibration measurements can be performed per

band or per sub-bfyjygsP00BR} Adsitienallye {Be AAHPAIHMERSHESIBRINS SaNtbR ke femgd under a
number of use cases, of the communication device 100 utilizing a Hp antom body that emulates the

composition of a HFHSN3A8&PRS: Hiishd Q0 P ddfimlbreiiteh A RNy A 8hhg assembly
of a flip design, theagaindyicatiniedeftomiGrasubr placedphe x| adcertwfte@banigin when the

flip is open to emulate a typical conyersational us e. | - applicatio, ch.when a user
lizes & Bluetoott A A s o e el AR S SR G RN
communication devige Ad@ean! eqoknsedVBitchitgMsidtie (G NAYDrivweith. tRédflipnehds artching

network can include various other components in addition to or in place of the
components shown, including components described above with respect to FIGs. 1-6.
The tunable matching network can be coupled to an antenna 880 and a transceiver (or
transmitter and/or receiver) for facilitating communication of signals between the

communication device and another device or system. In this exemplary embodiment,
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Calibration can be performed on other use cases such as antenna up, or down, speakerphone feature
"ON" with communication device 100 held with a phantom hand but away from the phantom head. Any
number of use cases can be applied to each frequency band and sub-band if desirable. [00036] FIG. 7
depicts an exemplary embodiment of a portion of a communication device 700 (such as device 100 in
FIG. 1) having a tunable matching network which can include a number of components such as a
directional coupler 710, a detector(s) 720, a High Voltage Application Specific Integrated Circuit
(HVASIC) 730 and a tuner 740 (such as an Adaptive Impedance Matching Module (A | M M) tuner)).

The tunable matchipgJdiginalkatan deakiday N RYsIRaLCEMPAREGNR IR AFditien furkipRiace of the
components showEgincludin components dﬁscribed aboveorﬁ/vith respect %o F IGs. 1-(?. The tunable

matching network BaH B CBUFILIETE: S ATAR A SRS G A ERNR P WanRhiltatei8/or receiver)
for facilitating com@0®3Rjatidbdeoicsigiaiabathelenthecameouompatiansdbvied@ntbathother device or

system. In this examRIAgy SFARCAIMEDL: e SPIMUNEAONASNIGR. 100 IR BIRKiy o an intererer

790 which is interfering with t %‘ transmission and reception of signals evice. Various RE levels
are depicted whicHigiéRigledefestished valig@tes. iR@rSMMEaTD STReEIBeT. he-38VBm. The present

disclosure contempatas Riherfdevelkhping HbizediQr SRcOBNSESHR-AS R BS: R Anthe
introduction of the interfrfl'rer 790 can result in un%esired tun'n&of the device 700. [00037] FIG. 8

depicts an exemptiHy SBoHHISRESHE RS L P& B IR BB EHRS BN SE Kevice 100 in
FIG. 1) having a tbaabldidabehithg detwocknvhilire canlascknde avalithtnemgfseaertpothents such as a

coupler 810, a detector(s). 820, a Hj I ication Specific Int t ircuit (HVASIC) 830
and a tuner 840 ( S%%Clé(%}a{lr% A?gg%tigg 6F}r{n%pCI #ﬁ#@gﬁgﬁﬁﬁa Ilgﬁo{éd&gf%%l%gl?ﬂ)ﬁ%r%er%%f e tunable
matching networkfannivietgeidhariong ethbe delwsdnaisisanfatdniefcteromedplieiéed of tiaccomponents

shown, including camRrORGiHARERIRGH AReawilh esReatdmiaginR, s dugable matching
network can be coupled to an antenpa 880 and .a transceiver (or transmitter and/or receiver) for

. (
facilitating commuURRESHSEH SYHQLE SxlsaritHa Lamissiseainsd tRviberadsAtRés bevice or
system. In this exémplaryabdnbooignent, fihecpartivuiniaat @asd ewice: 800zsdifopraniiity to an interferer
890 which is disrugting.the tuner trol | such he m rement, of.the ante VSWR by the
device. [00038] DA IR oo a o S S e o the
interferer and an adjosintainedotieadantrgdessHhpevbaetutomate gatsrideé inderfstaivUEbpinstance, in

one exemplary enypadine BiutisoAIVM LAIIRIENR cAMAc FRAIRPEY At{uninggtates but

subject to updating the tuning state when valid measurements can be made. When a measurement is
determined to be MYAMAM AR THEFSditaN AR ufiiee e RISPRIBR A YSRIREIST S Bte for the particular
use case. Other adjustimecdsdo dbedesnighiecknicizycancaine pectiilizedidsatbasiants, the tuning can

be delayed, such gs fo edetermined pey [ ntil.a valid rement can be made. In
another embodimin | A Hb e e Lot B R D BN Rt v perod
then the last knowrhiellits herithy iseate dutaheypufaukeringe ergetzan be utilized for tuning. 1000391In

one embodiment, jgeialipn BEMSRE RRIERAACINVLEFNBHE YRGS €@8Mbe coupled to the
coupler 810. The particular type of filter can vary and can include BT/WiFi
elimination filters or BP filters. For example, these filters can be band rejection or
band “suckout” circuits. The filter can be a single filter coupled to the reflection
output of the coupler 810, but the present disclosure contemplates filters coupled to
both outputs of the coupler. In one embodiment, 2.4 GHz elimination filters can be
coupled to the output ports of the directional coupler, although other filter ranges can
also be utilized.
[00041] In one embodiment, a filter 860 (such as a BP filter) can be incorporated

into the coupler §10. For instance, since couplers can be built in a multi-layer
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be maintained in order to reduce the power of internally generated interferers (such as WiFi and
Bluetooth) that are detected at the coupler outputs. The particular level of isolation that is utilized can
vary. Examples of multiple antenna systems in communication devices, such as diversity antenna
systems, are described in U.S. Patent Application Serial no. 13/005,122 filed on January 12, 2011, the
disclosure of which is hereby incorporated by reference in its entirety. [00040] In another embodiment,
one or more filters 850 can be coupled to the coupler 810. The particular type of filter can vary and can
include BT/WiFi elimination filters or BP filters. For example, these filters can be band rejection or

band "suckout" cirg¥jtsuihe-fidtarCandelansingleafilirricaupleade ithe trfleciianodtosgief the coupler
810, but the present diz?losure contemplates filters co¥le to both outputs of the coupler. In one
[

embodiment, 2.4 &P iRfRGERFHNarUREAE BEE5ISE S the output ports of the directional coupler,
although other filt¢008d2jes Barlatbo hevitilizadbdBihly havenkeseriteddimestt pdfidiescB60a{such as a BP
filter) can be incorpor i Q,l?!i),lﬁ{ / | . i e, bHiltin a
multi-layer dielecté:?%@%r?ug&g‘%égﬁ]é% e emeﬁé%c%ér? %{5%%21%&%%(? %%% %%%’?f%i%e%ﬁ%eploy the

types of band rejetdsrectinfiadhnst fitidhs algsritn ppooading hidurmdls il shssodmedits have

described the useRfauiirestipnae) WRIRliR ARIRPbIRRMS W BeRiimRadanasahibe Jumable matching
network as the source of feedback for the algoriiihm. &‘Bont olling the tun%l‘:)le ne@gork ?jgere are other

possible compondtits YeeRhiG IR AN B AR &' &S HBRR AR L0 PR BE Ak EHERRork, o to
supply inputs to anealgokithidmdesigneatios fundetheniuehilepbickingokivgarda nobenutitietidods for
determining impqu ce maiching c I1 ) lized.with. the m £ i ts described
herein. It should beqﬁlo%%iﬁgkyt%%’t%:lrh%%%ggst%ﬁéé%? M\gﬁ%er%itigt)é?lg ]i%aet;r erolr%r%gB ?s%{r?gs described herein
can be applied to BthaiRsdng i dandimiligag felebaek fentiicdetsitbed Arjortean beeDEIAII another

embodiment, a pegkLeteator BT-ANMHAR Avaraderdeiectoh B84 3R de . coupled to or included within
the sensor IC 820 to determine the presence of ampljtude modulation such as through comparing

forward to reversd S¥btlt a0 SR BAYe RS iieator BB ARMAR BudRvR AtISHE féak and

average measuremeiisconpileé difeiaricéebetittee ththefamiare2and deversecsignatsarn ignore the
ransmier's intenfaneoAATAN, PUSELER AMAILYHE, MochiztoR frarn e esingle hich i
generated by the cor%blnatlon 0 the desired and-intertern signals being present smuﬁaneously.
constant envelope signals. In one embodiment, the peak and average measurements
on the difference between the forward and reverse signals can ignore the transmitter’s
intentional modulation but detect amplitude modulation from the beat note which is
generated by the combination of the desired and interfering signals being present
simultaneously.
[00044] The exemplary embodiments described herein allow a communication
device to mitigate the effects of an interferer that is generating interference that is
affecting the communication device. In one embodiment, the device can implement a
multi-thread antenna tuning algorithm. For instance, an open loop look-up table can
operate to store the nominal tuning state for each band, sub-band, mechanical
position, speaker state, etc. (use cases). When transmitting, the algorithm can run to
determine if a better tuning state can be found, and can continuously improve it. The
tuning state in the look up table can be replaced as the algorithm finds better tuning
states for the particular use case in operation. Each Return Loss (RL) or impedance
measurement can be checked for validity before the algorithm is allowed to update the

tuning state. If an RL measurement is deemed invalid (such as for a single iteration)

then the tuner state may not be changed.
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[00044] The exemplary embodiments described herein allow a communication device to mitigate the
effects of an interferer that is generating interference that is affecting the communication device. In one
embodiment, the device can implement a multi-thread antenna tuning algorithm. For instance, an open
loop look-up table can operate to store the nominal tuning state for each band, sub-band, mechanical
position, speaker state, etc. (use cases). When transmitting, the algorithm can run to determine if a
better tuning state can be found, and can continuously improve it. The tuning state in the look up table
can be replaced as the algorithm finds better tuning states for the particular use case in operation.

Each Return Loss|{Bi4spr inmradangs taaasdiementesode chackesh e walidity hefora-the algorithm is
allowed to update the tuning. state. If(fn RL mq@surement is deeme%invalid (such as for a single

iteration) then the YHSEIRAEE FTAYPRE{ECRANHIEE HovDI%] RISIRES b8 CHRRSBERE Hith %tep 902 in
which an RF signalsscanakysoeitida a:_brcder tm:helifr_grmeimpéuhmnermmw@u@ﬂg)dmﬁ:mr thore pf the
components and/ql Rye(EDS HESCHRGE: AbRYWAR A IIG, AMM NG A0, RO gbodiment, the

AIMM algorithm can act a up tab g states, which can be updated based on
measurements th&sakoiarspiiear s Butafderatisd 90w dakdpMsHnsd 89 o be dasdpand/or

open-loop feedbaglesEQriastaNLS dha RicsBaf:caN IS AvaletsRingshasesinomisedpack in

combination with open-loop feedb cl%s ch as based on stored infor aA'on that js correlated to a
physical state of tHBESREARGP (R HRSpES BRER ORI PR SR SEAP SRS PSS CBntemplates
performing one orsmmikinbinesiepsaofsrathb:90Ddseid 0 rtanlyf opedeiian decdbadkgrebased on
only closed loop f cke.in\step 904 d ing state I qn the analysis and
the feedback des?ﬁ I%gﬁ Oagé\rl}%ﬂ ?&8%53%%5%%%%%é%toscg%%\t%%n%% va#ﬁéte%% ?ﬁ%tﬁ%o&g,?such asto

detect the existenthe feanofmegtead PO) dasedion wwdn dheplodp fasdbask aTrened on ondifedreadt ways. In one
embodiment, a n%ﬂﬁ%&ftfﬂwmn@é@ DOAIRMBAVNRM D EABD IRKER QURb TIMEaRIgamparison of
the maximum to minjmum values can_be done, and validity can be based on the range being less than
a predetermined tAtedholerdRarkHstsHRED AP4Cinterfering signal is present for only some of the
measurements, af0assejmpitnacambetmadehthadicthelidhadencii¢h@lnieutdringwsigreat il be different
from that of the tranmission.omard andrsflatsd.sianals, dhe.Iming.ghihe RasANETEEs can be
long enough such that one burst of a WiFi or ot'her mterfgrlng transmission would not be present in all
of the measureméntenagitbadiewst. oriwmisasiremadowobidcfalbaubaneie s ddpRsATbursts. In

another embOdimﬁﬁie.@%éﬂﬁﬁ%&@@ﬂﬂ@n%@nﬁﬁx%ﬁ%%ﬁﬂn%&ﬁé@%%% R ieefrrwardand reverse
power measurements (amplitude) which are coincident with the phase measurements to determine

which are valid artPWHOAEP8 atash RREplssdae dr atrimmeldhraalsy s by thdse
measurements, wiiléntesiagnihdgralich preasi fenaitsomene tlgorthanienenis) putakiongtifa4 7] In
another embodimgnt jn WG iDG deleslars, Are comRISle reaPIveim{nG fRNAid ANd everse
demodulated data can be compared to efect interference. For exampfle, compFete receivers as
detectors in both tienfonared nsard caneddleetpdpiatabig ikt (elibh Bsashemanis FAGLSE) can be

utilized. These reqsﬁ%eéﬁgm RenunedRrsciicaiwioring fisausneiofdhatiansniitedgional and can
thus ignore any interfering signals not on the same frequency or channel. This assfect‘will eliminate

virtually all possibRS RIESFEAR G SR AR HOIAS: ARD Rl oR RIS MM ELdidie, the forward
and reverse sampbesvshotitchdinye dhé s dimadilationbasithe ésirachiiaassnitednsignal. If an
interferer is preseqt, e ecelysrmay elhernaye e selectiviy (o janore (e, Inierferer o the received
signal may be disPup%ecf and the demodulated data would not match the desired transmitted data. In
this latter case, thesbase romeidentof fbriha rdasndncevensecpeddemihe wbiehigroreldlasdeing invalid.
1000481In one embogimertidiplgSarlsamBles saRRefkRN A Setgal prRks/nulls that are

indicative of interference. For instance, an interfering signal mixing with the desired signals can create
a "beat note" in thESMFIRIAL: BY taR BRI ARASTRa M EhtSc A §RHPRIGI YPRY¥aLoHethod 900
can detect the effg@oB4y pmpiititdeh sneoibiatiarn filheham i ude inaditatianpxeeadsvtie desired
wansmitted signalmedulatignhen e messurement canbe, desianaed.as ialid, [09g40] In another
embodiment, phasé measurements can be analyzed and co parea S & threshold for erratic shift (for
example applying&&apbhrvagbitesien)wiasealetrstoss re ushtb bonvershend reevhatemmplehals (such as
between an interfereranghia Agsirad ignathsan gy erAdamASS ulis. £ Rask Jeasements between
coherent signals (such as the forward and reflected signals) which are close to 50 ohms can also give
random results. Phase measurements between coherent signals that are not very close to 50 ohms
are relatively stable. If phase signals are erratic (such as change by more than a certain amount
between two readings or a standard deviation greategthian a certain value or some other method of
detecting erratic measurements) then the reflected signal may be an interferer. In one embodiment,
the algorithm can be turned off only if both erratic phase is present and the return loss is larger than a
certain value (away from 50 ohms). [00050] In another embodiment, sampling can be performed
during transmission and when the transmitter is off For instance, DTX can be used in WCDMA/CDMA

to find times when the transmitter is off In GSM or other Time Division systems, intervals between
trancemit hiirete can be r1iced A threchold can be compared and annlied to a reflected inniit If the



to the levels when the transmitter is off, then the measurement can be deemed invalid. In one
embodiment, multiple measurements can be used to detect pulsed interferers. [00051] In one
embodiment, an AIMM engagement threshold and Reflection Loss (RI) targets based on detected
reflected input (when not transmitting) can be varied. When the transmitter is not active, a
measurement of the reflected port can be taken. This measurement can be used to detect an interferer
and measure its amplitude. The amplitude of the interferer can be used to set a threshold for the
reflected power below which the measurement would be deemed invalid. The interferer level could

also be used to adjustibaiRidaeatghdhs, Aoauthmseiieire of.medtunder iRigsferary conditions.
1000521 In another egbodiment measii?r]ement can be %erformgdngth before ﬁnd after known
t

transmit power eVl Eﬂééég%ﬂi"i%teor? S B RS AREELY LhHEEEor instance,
the cellular handseirtriifrollgrobals knowfedigesafitiie ipewembel/ehpicwbchitnisAtan smltting and also the

size of any ntentangh SHalNSs e ARSICA AW SHIENEL, TOARSHIRT g gssnenaf an ntererer

the tuning can be kept'static and the detected powers /return loss can be measured. If the detected
change in power rfRsgs feapEptiscd ragnat iitkinHcpirases tisehdBeor sl Krivwreilwitoadichange, the

measurement canfiecflelgrminas-takaMaard el Ry Re-inte RN ARdvgRaIpieMmaatsh can be deemed

invalid. [00053] In one embodiment, tuning can be prevented if the RL detected is greater than zero.
For instance, if thél‘?ﬂ"gggr‘@}%qjdﬁtﬁ }%i@g?égm?fgh %r‘r{%?gatfﬁ}ﬂéalé?é R VAN A8 R68% M8 asurement

uncertainty or othetcusurations)ofiamny thd aaxistense pian diatetfarer asledan wetgriminkd. The
predetermined va further.in > [ edge of t er a a load in a specific
mﬁlmﬁ‘ finslnalide desian, gjr?%"‘li'%sé?d%tg{@e@?aﬁ tﬁaen&tiﬂto figap

application. [0005 e measurements are det e vali 1 the tuning can be performed
as in step 910 to acAkeiralihdphpedatedinsanthiseerems theomenpand, itifribgsigashents are

deemed invalid (sheh@sviromedir&xsiercartrRidntestarenthendhaalgariimesanrggore the last
inputs and retain the previous tuning state as in step 910. The algarithm can then continue normally

and take the next SPREHI UL RABL Yy R h &V Srdidr SeissefitddSurements. The
algorithm can maanipiituthenasilkrionvn Qheodiphitndesiaidulantbhvadideiiahs desied ntmadhitvedhe algorithm
to continue tuning_th tching network according to the figure of merit. 55]Method 900 can apply
a number of thresﬁg%?ﬁogl@%gor%%ﬁngtte% Sﬁﬂgﬁy olﬁ?%geﬁ?e%aggl ngﬁrg%%élle{v%ggdetecting the existence of
an interferer. For ¢8¢#le, thensshenambadiveat.ddusomsphiaenasigrdepastitredover level at which it

is transmitting. Thé‘oﬁaB\AMM@m&&%?&ﬁ@&@%@(kfomm\élap%m%faits%%re@@éﬁpe|0W a
T I eAstromants o ben Hon-cohoreit Senals (el ot banween an isrtererand 1 OM/or

a desired signal) can give random results. Phase measurements between coherent

signals (such as the forward and reflected signals) which are close to 50 ohms can

also give random results. Phase measurements between coherent signals that are not

very close to 50 ohms are relatively stable. If phase signals are erratic (such as

change by more than a certain amount between two readings or a standard deviation

greater than a certain value or some other method of detecting erratic measurements)

then the reflected signal may be an interferer. In one embodiment, the algorithm can

be turned off only if both erratic phase is present and the return loss is larger than a

certain value (away from 50 ohms).

[00050] In another embodiment, sampling can be performed during transmission

and when the transmitter is off. For instance, DTX can be used in WCDMA/CDMA

to find times when the transmitter is off. In GSM or other Time Division systems,

intervals between transmit bursts can be used. A threshold can be compared and

applied to a reflected input. If the measured levels during transmission are too close
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control. For example, reflected power measurements that exceed certain thresholds can be
invalidated. The thresholds can be dynamic and set as a fitnction of the known transmitted power
level, and also as a function of the R L target for the particular channel/use case currently being tuned.
As another example, detected level of forward power can be monitored. The cellular handset controller
has knowledge of the power level at which it is transmitting. If the forward power detected is in not
within a set limit of the desired level, the measurements of both forward and reflected power can be
deemed invalid. [00057] In one embodiment, with phase-based tuning algorithms (using impedance

targets), predictedYhdMeRERUCRAL LS PaRAHRR KROWRIL OIS EABDERBRRIBEI I AGIWAl
measured RL impyovements. With AL gh se information and a l%ﬁk-l/ép table %L?L;IIB g redetermined
R dpeC Bl b

open-loop typical Mg R sl OB G RS RS Sy s SEtey! Santenna
impedance can bdGotsdictedh amteotrséspondinglyMhé dugipenstathics vihdcindRsétthentlioer can be
determined in ord I ir fi g ingthe. tuni t ' hange in
AL/impedance is ﬁlg}({ %ﬁﬁ%@} %?%fg%?ﬁ%%ﬁ%%ﬁ%@o? h(—? %)?[l)%éggdglﬂ@lﬂ%%t%ﬁ? %{:Qfﬁ%e
determined that th¥ e g iFarnestds b § g gradeassicasThes therelented peesrad gkt The tuner

can be restored toriig lashkRomenaadoniQld lringd statefsuchasrdefault staia)d000R8] In another
embodiment, the tuning range can b%f:i?r{nite to in¢rease tyner a [

tepuation at known inberferer
frequencies. [000581PIH 1R TANE MEOHASRI MR B A9 e e gfﬁl?ﬁﬁg RN St Wry such as
noise thresholds oehiskdhbyneaneohketsntusigralscirethinvidhin dhwithotirer leedidanldanddet or other

radio which could aftaet e el 91 delssiRd sianals. ety AnAHPRIYS iyaingpetwork. While

. . 1 .. .
most of this specn}llcatl_o‘n escribes thesources of these tations as interfering signals, this invention
is not limited to jusPBdEiednhsideration of such signals. The exemplary embodiments can be utilized for

tuning of a variablg§gaighing RERIWErKHbSIFRMIMNARISAAR HSKIFFRBRSaE AR APJMRRSHRS Mnterference or
undesired conditions affectin%gtj]he communication device. The exemplary embodiments can apply

anomaly detectiort t5THRORA TSI ORRNS ortetarsshing Bebaikgestata" RoevBPA R She embodiment,
a low pass filter carcbetmplamented thateliminatebuintdriedsrscontsile bitkedWiedgasfdiadth.

Quadrature mixers, ga0 Reliza 10, AvGid SANGRIAon e 1 BRARF Al Aqdelggtion signals
The particular configuration o the components can vaiy. For instance; a low pass filter and a 90
degree phase shiftie tegnybistediniowar kviel-can st iioe drp oretengdraloro imehisrorighdmpiegrented from, the

transceiver compQReRs slieREEMPRAURENH& ¥ CRGANAR silizechihali rupmipg-alpce the
frequency and flip-flops can be used for dividing. [00061] In exemplary embodiment 1000 and its

corresponding freGLANSE PR TABERARYS AFe LHSWHG ERErsT AP IS L BEM P YR, low pass filters
(LPFs) can be utilinestion:¢ dhagzarikdiméasiealrinteffecaraoniisictdhe Hienbanspadth. The return loss
magnitude and/ori(%gaae can be obtained bxa% @Qcienimngdfﬁv Iﬁhfg fp_Qjlt, rp_I_fit, rp _Q fit in the analog

. . . TICICr, and measuremen A . . .
or digital domain. rature mixers cantf)e Utilized to avoid cancellation due to RE and LO being

in-phase. One or 188X thia bRFNbadi Benscuptngltiebel oo entsddhtbo Rhaterothbdutatisn may be

removed. than zero. For instance, if the measured RL is greater than zero (or a predetermined
value to allow measurement uncertainty or other variations), then the existence of an
interferer has been determined. The predetermined value can further include design
knowledge of the tuner and antenna load in a specific application.
[00054]  If the measurements are determined to be valid then the tuning can be
performed as in step 910 to achieve the impedance matching. If on the other hand, the
measurements are deemed invalid (such as through the existence of an interferer) then
the algorithm can ignore the last inputs and retain the previous tuning state as in step
910. The algorithm can then continue normally and take the next scheduled

measurements and again gauge the validity of those measurements. The algorithm
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[00062] In one embodiment, the forward signal can be utilized as the LO for the | and Q mixers on the
detection IC of embodiment 1000. This eliminates the need for the transceiver IC to provide the LO
signal. Another advantage of this method is that the transmit modulation will be present on the LO
signal. The modulation envelope can then be eliminated by the mixers. With the modulation
eliminated, the baseband lowpass filter can be wider, allowing for a faster measurement than if the
LPF had to be set low enough to filter out the modulation. When using the forward signal for the LO, a
BPF may be employed to improve performance by attenuating any interferers that may have coupled

on to the forward gignakinldRAf3]alhis Sxepilamapbadimentenniampiass seiRigsame LO as
the transmitter or use of a different LO, such as ?ﬁ%tand-alorﬁ LO (g:l&% generated py an IC detector)
Il

which can be pha885ERBAASRATI (R IRedP2 o BB AF K&K RTRY B B8 shown

generally in FIG. 120085} pammmm@pmm@mummmmmm@mmﬁ@ ﬂmmek-iﬁqd pha_se

detectors and othgr Ganirol|0gic.for &\4@' F?e ,i%ﬂﬂ@%%&%&%‘&%%ﬂ?ﬁ%ﬂ%?eé! ”E%P&%@HQ,%QG”L phi can
e G while ph2is e

be sweeped to maximize no weeped to maximize node G2. Other components can
be utilized with enspbdrnbandsctoonsabier Aasdm amipsiaei ebtecpertorlard A maiishase modulator. The RL
and phase can beigamputed. TROAGHMNRBAHE @XM dia @Mbadikaswh 13athshpvwrorogrally in FIG.
13, the sweeping and computation describeﬁ?gw'th respect to FIG. 12 can be performed. The LO can
be taken from thelfrrhﬂgﬁ‘lﬁt@i’? HPiBsddle Hiplification (PA). For instance, the LO can be obtained
from the input to thE0#5&] whicheonalyibelmdraadeassieibdhectuning tempendéonisoffhe PA can
provide isolation fr interferer and provide n limiter ' strip away
the envelope of th@%&%ﬁé&%"%@%%’t%r?“’?%é%‘%gﬁ glllﬁg%hl{)%t g?%}?learﬁwr%i%aﬁge%r%ﬁ?%%éeérﬁ%ﬁooo shown

generally in FIG. F4n iaigbdaindg Bheithsahpliactnbe dsepmedendittaspéenraion|d theoksaybe

performed. The LQ aeRiRedBERE: 1R, Rl fatward ReWRM(ERke RieuirEeCcan M6 fligtadhfo reduce the
effect of the interferer on the LO. In this embodiment, the RF coupler and the bandpass filter can be

integrated, such aSRALE SRRV S RergiiedricttnrehBcoR?PIn tiseridetihodnts of 1200-1400,
the sensed DC voftagerthsovtbiecADYE wanitoecdis&tl doctinhir hbildecptiandl ¢heaphRoWViiza tiie phi, ph2 is
such that the DC Yﬁétﬁ%ﬁé A MRS hen he: wopignals nte (he MG AE;daemed to be
in-phase. Phi can be a JusteoFto increase or otherwise make optimum the forwar power
measurement. Phiddn assoliveitadjthstdes isdrereladie orcatheamants pidieh dptivatshantecfistitsdted power
measurement. The RSN UL HRtECIEM when phase difference between the two inputs of the mixer
is zero degrees. These exemplary embodiments can ensure that the phase difference does not
contribute to the POV InedBRsHBhedirAY-Rith AR RasRd DG MRS yvRs mBslai®ments, and
the phase differenae:issgguadit:pR2-pipréienphia dasdifferénoe cachmyoantputec adipired to

actual measured RL improvements. With RL phase information and a look-up table

(LUT) (predetermined open-loop typical tuning state values) or calculations (using
known/expected tuner LUT), antenna impedance can be predicted, and
correspondingly the tuning state in which to set the tuner can be determined in order
to achieve the desired match. After changing the tuning state, if the change in
RL/impedance is not within a predetermined threshold of the expected result, then it
can be determined that the measurement is being degraded by an interferer, and
deemed invalid. The tuner can be restored to its last known good or valid tuning state
(such as a default state).

[00058] In another embodiment, the tuning range can be limited to increase tuner
attenuation at known interferer frequencies.

[00059] In typical embodiments there may be additional limitations in the circuitry

such as noise thresholds caused by non-coherent signals from within or without a
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power measurements have been determined for stable phase error measurement. A limiter can
remove amplitude modulation on a transmitted signal (desired or undesired modulation). The limiter
can act as a filter on forward power signal. Interfering signals may act to increase jitter on FP clock into
mixer and can generate odd harmonics. A phase delay can be utilized in measured RF signal path to
ensure that the phi and ph2 do not go negative. An amplifier can be utilized, but in one embodiment
the amplifier can be utilized for only the dynamic range requirements of the mixer. A baseband low
pass filter can reject interferers outside of the filter bandwidth. The LP F can also be used to filter out

the AM on the moglylatadhsignaled bihe Al emrinss fRNd aRd i8lReigdisianal Gankasampled at the

same time. Multipt)e samples can also be u iIiZﬁ/g%) avoid nulls. 10Q0681In exemplary embodiment

1200 shown geneli FHETE: M BRABPULE a6 RS MHTESy (e BE TP LB Stlized with

a shared limiter. Téfalshataatimiteracandofeigizedds, tbdlugecptiase eortmiedveasttthnsmit and

reflected measurements 315K, oHNELAMPADGIIR AK CARGTRNRNS.£B0 Alan ey Hlized to reduce
odiment al ata based on filt

current drain and/or reduce die area. This em illows obtaining red forward
power. [00069] In Eéeyaptkly BatEvEAMTIsOSEWH HerEral s e cd an BHAMAsE and low pass

filter(s) (BPF and |dedri-raRde uilizgr ydtharharaeaalavieleshntihe sharae delayge clock can be
utilized to allow for phase difference to be de fj‘:Ié)hz.only. While not sho%vgr‘;, a bandpass filter

termined by
can be utilized, alSHYRIEY POV HGHS ‘batﬁépg&?’ﬂ:?%% e RSB RERI ST RN (ST ne example,
embodiment 1600deamiitilizcaauyphasaaghifted LO from the forward power for the reverse power.

00070]JFIG. 17 ill f timing th tili f the tuni
embodiments dest Rl horbi SahCAL 1o G R E okiea EAbas Al P oer

measurements catitpeoisdasidnelihadiferhsadnditateendrtireenyiss arde arbizsiie e power

detected outside of g HARSHISRIQR PR is-abRvaa-dareshaldethen the peasusement made during a
burst can be deemed _invalid. In.this embodiment, frames are 4.615 ms and slots are 577 us, however

other time period §ﬂqgk§t5%t9%8flﬁlfl{fl gappponents can vary. For mstance, a low pass filter and a 90
degree phase shifter can be utilized, and can be incorporated into or otherwise

implemented from, the transceiver components. In one embodiment, a VCO can be
utilized that is running at twice the frequency and flip-flops can be used for dividing.
[00061] In exemplary embodiment 1000 and its corresponding frequency graph
1100, which are shown generally in FIGs. 10 and 11, low pass filters (LPFs) can be
utilized to reduce or eliminate all interferers outside the filter bandwidth. The return
loss magnitude and/or phase can be obtained by combining f» 1 flt, /o O fIt, rp 1 flt,
rp_Q flt in the analog or digital domain. Quadrature mixers can be utilized to avoid
cancellation due to RF and LO being in-phase. One or more of the LPFs can be set at
values low enough so that AM modulation may be removed.

[00062] In one embodiment, the forward signal can be utilized as the LO for the I
and Q mixers on the detection IC of embodiment 1000. This eliminates the need for
the transceiver IC to provide the LO signal. Another advantage of this method is that
the transmit modulation will be present on the LO signal. The modulation envelope
can then be eliminated by the mixers. With the modulation eliminated, the baseband
lowpass filter can be wider, allowing for a faster measurement than if the LPF had to
be set low enough to filter out the modulation. When using the forward signal for the
LO, a BPF may be employed to improve performance by attenuating any interferers

that may have coupled on to the forward signal.
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[00071]FIG. 18 illustrates an example of timing that can be utilized for one or more of the tuning
embodiments described herein, such as for a WCDMA device. Forward and reverse power
measurements can be made at the time periods indicated in FIG. 1K If the power detected outside of
the transmission burst is above a threshold, then the measurement made during the transmission can
be deemed invalid. [00072] A number of techniques can be utilized for validating return loss
measurements. Measurements can be deemed invalid if: multiple fast measurements of the reflected
port are taken and amplitude variations are detected which exceed the known envelope modulation;

multiple fast meaqgu@emwgntsafdexasmitnén dafleateshiaivasshovo ampituda vagiatiens (this method
can cancel the transmit .modulatior; F?g& detectéan interferin bfzat note); and muItipIE fast

measurements arS B G iNECPARSHISSE Rotiel v @ SRALBIMHEHIS BekiEH 8% &lrements can
be indicative of anihderderay, velichitthéd¢ahge-ddanelasithehearitssexteaeds a set threshold. In one

bodi t, wh ' iy "t . ' j ftot t
embodiment, Wnep 4P 2 ,P0& RIGRr Wi lﬁ}gﬁb?ﬁbd’\éq]bﬁr{ha‘%%%&éﬁﬂpﬁlmeﬁ%&3&%&?@3” 0 tune fo

a known match, not seeing a RL after'the m(%ustment wit expecte S ould invalidate the

tuning step, and theteigbrRRt weouks tidhadtngompiprifasy Kh Gorics spdimmmhécsdass pdo73)

Additional validity sRtheegosuslicas thrang bndsaefiReslk aneRvaiagefsteciarsamaneXyample, forward
and reverse measurements aFE done with bog} Peak and Average detectors and compared. If the error

exceeds the expettBNbHRHS ) BeRIET S A e ray ! By St SRS A 8848 fments are
deemed invalid. USihgr Peapoantts ove iage itledd ctidnearb ddaformiatd, minhissrevengdisuimmed signal can

cancel the transmj i0 d iffer I e to interference, and thus
compared to a set!]f f%%gfw%%}%raiﬁl\}%%dlty. i(%%?ﬁﬂgﬁqege%fp%?& g%‘h%%fﬁ%%%%(goo shown generally in
FIG. 19, a Costas/08Stanibangtiipreaamintae grebrshmant 58N eragrakeerdpor tGodR.the local

oscillator. The LPEyB.fipot.al himbita0 dastatalowpraugrireavencydasionel theangle
modulation of the TX waveform. In another embodiment, a filter in the forward power path and/or in the

reverse power path-CSH BE AL g {EHEH ErRIB IR RENGHERR MiSaER gt ihEhterferer is low
enough, no filter niayabe: nhe dedcai-belbdimenhfrdGGbedaputitiide &n jrikiviahhObthabis phase-locked to

the forward power, il 16 NGeELIR% AN SGINAE, OO EIRMLINS (RrRaaing, descriptions, It
would be evident to an artisan Wth 0 dclna y S?(II]] In the art ﬂmptt e aforementione embodiments can
be modified, reduditeifeicenitbprostiovitblonn BEpalrtinfrismcind s sbipecd el spiraveititee claims described

below. For examplg, thgdetertionpfan Rigkieigican be used to determine whether even to perform
the algorithm that determines the tunable state. For examgle the detection of an interferer can result

in the device detefAMAL a ARG tstsBREE P ofimnb 19?@@83&@?9%3? 5 clbsdiloop

feedback. Additiorakypmgenar sompa ofithelsiajisdesdriegttdiesdinGzan be pefiarinaddyheomponent of
the transceiver. This can include incorporating particulag.c ents intq.the, transceiver or utilizing
alreadly existing COO AN e St T e B S R N R o e
present disclosurefitecefrtingler threrrentherli® dire s embedaneiatiris RF eotutler anddbestanding of the

breadth and scopg & Rieseah HSHIRIMR, such as made from the same ceramic structure.
[00067] In the embodiments of 1200-1400, the sensed DC voltage thru the ADC
can be used to control the phl and the ph2. When the phl, ph2 is such that the DC

voltages are maximized, then the two signals into the mixer are deemed to be in-
phase. Phl can be adjusted to increase or otherwise make optimum the forward
power measurement. Ph2 can also be adjusted to increase or otherwise make
optimum the reflected power measurement. The power can be detected when phase
difference between the two inputs of the mixer is zero degrees. These exemplary
embodiments can ensure that the phase difference does not contribute to the power
measurements. The RL can be calculated from the power measurements, and the

phase difference is equal to ph2-phl. The phase difference can be computed after
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[00076] FIG. 20 depicts an exemplary diagrammatic representation of a machine in the form of a
computer system 2000 within which a set of instructions, when executed, may cause the machine to
perform any one or more of the methodologies discussed above. In some embodiments, the machine
operates as a standalone device. In some embodiments, the machine may be connected (e.g., using a
network) to other machines. In a networked deployment, the machine may operate in the capacity of a
server or a client user machine in server-client user network environment, or as a peer machine in a
peer-to-peer (or distributed) network environment. [00077] The machine may comprise a server

computer, a clientjdses GRARRHIBS REVSORa! gorpitel (RGlaRdphiet Bfor lapieimeamputer, a
desktop computer, a.control system, a network rgu.ter, switch or.b%jjge, Qr any r%achine capable of
T it Sehelidsr

n
executing a set of INSIFLEHB PGS TEHTAT S PSIHSHIB ST th SR LRI Yken by that
maqhine. It will peuudeh@ratmﬁﬂnﬂmioa)dg\ﬁeéimftehegpm_sema(ﬂhemmﬁewmbs@dly_any e_Iectronic
device that Pro‘,"dﬁﬁeﬁ% fre VIGEQ, agaat& 9&[?{&%‘&@41&%&9%#%%'1‘&& WIS RSNgle Maching s llustrated,
the term "machine” shall also’be takén to include any collection of machines that individually or jointly

execute a set (or RfldipIOSEE) dF Mssudtionsansaribred ammersared Roreewt Premiethedslogies

discussed herei?-Ct[g@)ﬁ%iﬂhmaﬁpﬂmrautﬁ&tsg)ﬁ%ga@%g%gwaﬁﬂgﬁeﬁ%naopmﬁ%g%a@%%n&-9-, 51 central
processing unit , @ graphics processing unit , or both), a main memory and a static
memory 2006, whih RUFG ISP 8%{&Redt‘il.‘é%"*9i£°a%{)étg% 1PHE 'RBRTIERH S5t 2000 may

fqrther include a viblemidisplaybeseiba2d10W @gs, fltevad crigstandispiay c(h@ﬂ)e) pﬁtﬂaﬁ‘lpanel, a splid state
display, or a cathqde yay, iube ( GR P, T B “g’mé’%% AYRIem %%%g_‘&gtg%%%&%dogp l,fleyice 2012
% ?LH , a disk drive unit 1%,

(e.g., a keyboard), a cursor control device e.g., a mouse) a signal

generation devicetPoAd(eyaing sioesikisk o fefrstedcogirbprand wmekdaidhatamedansevice 2020.

1000791 The diskngivig1s Qihgid& mavinsduggamashiiedaadable medium 2022 on which is stored
one or more sets of instructions (e.g., software 2024) embodying an]é one or more of the

methodologies or HIMns WeSsabiphereet iRl intg thoks sty hliSidrdagBes 2ile
instructions 2024 roay aisfiltexsiol €3 ebmpl ey amdicladBiqbwtitlly shuitédnithiemain: stamory 2004, the

static memory Zoq%,l.gnd/%r with'ﬁn e Py ar 2002 uring ex ¢ ﬁiﬁn fhers f.hy the computer
system 2000. The ‘main %etrﬁo%}l %4%%%@ p?rsgceesosrc(iore%%g g sg maay ?:(r)?ls%fttg'%{e machine-readable
media. [00080]Detitstsentraieiwdgre dsidmeatanoresheld divnfi doations kendeptee aplistidon specific

integrated circuits RGNS INIE & TR A8d AhermAldweraifRMICER ¢R0UikRNISpe constructed
to implement the methods described herein. Applications that may include the apparatus and systems

of various embodiPEHkSHRYSERS IARIAEEP Veriety of electronic and computer systems. Some
embodiments imp|eao6g} functosnsplainandbdiacet Ipesificinteraanibctedlicandyeeelpaedaids or
devices with relat(ﬁ(gwcoans%r(ﬁllt%%(sjr).ggf% 3 f@g&m %‘e“’ﬁﬁ%%%%%&%? §994hrqugh the modules, or as
portions of an application-specific ntegratéd Gircuit. Thus, the example system is applicable to

software, firmwarehaind drdgrrdaledhmaiehsaritinsris. oo 81 nhrscdibieanestathdetaivirémbodiments
of the present dis¢lpsyrg,. thenMetbeds dassubeh e iR piendsdifalaperationas aRffware

programs running on a computer processor. Furthermore, software implementations can include, but

not limited to, distABGt&aPPOLEEsif BibEd iddant fobie N REE AaR S roReetimg JSPAgan

utilize a phase-shifted LO from the forward power for the reverse power.

[00070] FIG. 17 illustrates an example of timing that can be utilized for one or
more of the tuning embodiments described herein, such as for a GSM/EDGE device.
Forward and reverse power measurements can be made at the time periods indicated
in time slots three and four. If the power detected outside of the transmission burst is
above a threshold, then the measurement made during a burst can be deemed invalid.
In this embodiment, frames are 4.615 ms and slots are 577 us, however other time

periods may also be utilized.
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processing, or virtual machine processing can also be constructed to implement the methods
described herein. [00082] The present disclosure contemplates a machine readable medium
containing instructions 2024, or that which receives and executes instructions 2024 from a propagated
signal so that a device connected to a network environment 2026 can send or receive voice, video or
data, and to communicate over the network 2026 using the instructions 2024. The instructions 2024
may further be transmitted or received over a network 2026 via the network interface device 2020.
1000831 While the machine-readable medium 2022 is shown in an example embodiment to be a

single medium, theyperm "meghing figadakle.medipl sheuldoadakantainsidgfosingle medium or

multiple media (e.g., a centralized or distributed da se, and/gr associated caches.and servers) that

a datab
store the one or niBPE SAEGHHEE SERSHEm L desAnivae Adisies PSR AR B ANETRIN™ Sh¥flso be taken to
include any mediurrthatl ismdapaitie pivstorirgsorceraodingte setlohinbirticteqrsiéds exideution by the

machine and that ek e MAGNIAGIABECEIM AT RTIRIA SIhR ReAdglogies of the presen

disclosure. [00084] The term "ma -readable medium" shall accordingly be taken to include, but
not be limited to: $brabsidtéharethtoress wigeisHnade dwithg tha rpmbshiep satkagecthed Wyakés one or

more read-only (nmoRiptile) MemarigsedRNFRNaLtRFiIMeINOres@athRsa-weiable (volatile)
memories; magneto-optical or o]%tical medium such as a disk qr tgpe;lanﬁ?lsﬁ)r a d?ilgital file attachment to
S14'E8

e-mail or other selPtBHISU It FAIKEGH MP V8 Smed iy e PR S Ution
medium equivalentfthartfingihle etonagekmmeaid amplicode dinglyoith erelibatosudre isch ersidéthel to include

ehaxtangin cddmphcatyinglthardirion otbonsidéred (o
meluding art recou L o e B B AT ions

herein are stored.[dog83loxgerlghdtheaprasanttBsaestieedient deneslifresigpppbmedueting Mhctions

implemented in thg.eabadimemtayuiideisrensritnpapicwar atandards Qe rripaalsghe disclosure
is not limited to such standards and protocols. Each of the standards for Internet and other packet

switched network A EHISRo f*EESS! Y TaBTFR AU PN B WS R PL L BR ISR 85 B the state
of the art. Such standésds, and ipxiogligaltyf siupensedad byctadier or theskoddfidientequivalents having

essentially the same, fupctions..Accordingly. replacement standards and protocols having the same
functions are conseiﬁg%%% Sgﬂu‘\’/vgfeﬁn‘%%slgﬁ)éj‘oé‘éﬁ &Er)??e ?Hﬁlgl}%alﬁé%gqéf\v (ilrlﬁ ga??n%[ﬁ% %%Cgcribed herein are
intended to provid@casyeriesal tarides seariding oigiehsneictapesf Rbridigs bafsheiments)itd they are not

intended to serve 5. ReMPIRI&AGESIRIEMOARIL DM e lMENRANG JeRtWisS R ARRARIUR AN Systems
that might make use of the structures described herein. Many other embodiments will be apparent to

those of skill in th&HUBSR ABVIERANG 88 LIBIRE §Bription. Other embodiments may be utilized and
derived therefrom| 008 ]thatsttiticiataladiddy ogitalds| dustitakitinsugh dsehdpgss ambyvbagaade without

departing from th%égcot%%oi,this dis«ilr:)sture. rlch%;r{%es are also merel1¥ gg&r@gg@%@g%h%gkmay not be

or examplie, orvxfa Teverse meas%re [ F] .
drawn to scale. Certain proportions thereof may be exaggerated, while others may be minimized.

Accordingly, the spkifiecifighdaredtdivsvmhgennaad Héthegaidaddeeanthtusipasivd ratiaiem a restrictive

Sense. peak-to-average ratio by a set threshold, measurements are deemed invalid. Using
Peak and Average detection on the forward minus reverse summed signal can cancel
the transmitted modulation and any difference should be due to interference, and thus
compared to a set threshold for invalidity.

[00074] In exemplary embodiment 1900 shown generally in FIG. 19, a Costas
Loop can be utilized where the forward power is relied upon to lock the local
oscillator. The LPF in front of the LO can be set at a low enough frequency to strip
off the angle modulation of the TX waveform. In another embodiment, a filter in the
forward power path and/or in the reverse power path can be utilized. In another

embodiment, where the level of the interferer is low enough, no filter may be needed.
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[00087] Such embodiments of the inventive subject matter may be referred to herein, individually
and/or collectively, by the term "invention" merely for convenience and without intending to voluntarily
limit the scope of this application to any single invention or inventive concept if more than one is in fact
disclosed. Thus, although specific embodiments have been illustrated and described herein, it should
be appreciated that any arrangement calculated to achieve the same purpose may be substituted for
the specific embodiments shown. This disclosure is intended to cover any and all adaptations or
variations of various embodiments. Combinations of the above embodiments, and other embodiments

not specifically desgfiahRarespowihReBRrRARRRIthosA LT skilhip haartapendawing the above
description. [00088] The A stra}gt of the Disclosure is\(’ell)rovided to allow the reader to quickly ascertain

the nature of the tBRWRiCHIALEIBROFEY FIB IRRA & Rith the understanding that it will not be used to
interpret or limit thi®@MZSpe dironetnrifigaebihe clsinpsiols,ddditidd bincthédcfortegoingifdetaited Description,

it can be seen thal yayious falies, AR, 4'AURRIIAGRINEL I ASIAIE £APIIRRNfaf the purpose o

streamlining the disclosdre. This me of disclosure Is not to be interpreted as reflecting an intention

that the claimed efpdisaihrtihpagedraitheredrpattinedipranharsweprebsnriret e indach claim. Rather,

as the following clagimaveflsabinventianpliert malaotes 40 iesithanallieales Riamingle
disclosed embodiment. Thus the following claims are hereby incorporated into the Detailed
KOS i v BeCapariudl SRy

Description, with ESHS S IAREhIrg B8 8ouh BISFRRR disi SiBEctifiatter. It is also
contemplated thatcfeatpke shinderetembbdaimeatferay dverastilizedhwidbvieatistesnidiagattuaingmbodiment.

CLAIMS What is ¢laimed I8, & MG g BEI K COMPISIN 100p fecdback. Additionally,
one or more of the steps described herein can be performed by a component of the
transceiver. This can include incorporating particular components into the transceiver
or utilizing already existing components of the transceiver. Other suitable
modifications can be applied to the present disclosure. Accordingly, the reader is
directed to the claims for a fuller understanding of the breadth and scope of the
present disclosure.

[00076] FIG. 20 depicts an exemplary diagrammatic representation of a machine in
the form of a computer system 2000 within which a set of instructions, when
executed, may cause the machine to perform any one or more of the methodologies
discussed above. In some embodiments, the machine operates as a standalone device.
In some embodiments, the machine may be connected (e.g., using a network) to other
machines. In a networked deployment, the machine may operate in the capacity of a
server or a client user machine in server-client user network environment, or as a peer
machine in a peer-to-peer (or distributed) network environment.

[00077] The machine may comprise a server computer, a client user computer, a
personal computer (PC), a tablet PC, a laptop computer, a desktop computer, a control
system, a network router, switch or bridge, or any machine capable of executing a set
of instructions (sequential or otherwise) that specify actions to be taken by that
machine. It will be understood that a device of the present disclosure includes
broadly any electronic device that provides voice, video or data communication.
Further, while a single machine is illustrated, the term “machine” shall also be taken

to include any collection of machines that individually or jointly execute a set (or
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a tunable reactance circuit configured to be coupled to at least one of a transmitter portion and a
receiver portion of a communication device, wherein the tunable reactance circuit is adjustable to a
plurality of tuning states, and wherein the determination of a tuning state is based on whether detected
signal measurements are determined to be invalid and is based on information from at least one of an
open-loop or closed-loop feedback configuration of the tunable reactance circuit, wherein the tunable
reactance circuit is operable to determine the validity of the detected measurements based on at least
one of Voltage Standing Wave Ratio (VSWR) data measured over a period of time, amplitude

modulation, a reflegiag inpuE BLASHRHAVENSHBAS A VAN AMELROSF- thaNSIsSIRNighase
measurements ogééside of Estandard deviation, a comparison of measured and predicted transmission

power level chandt¥'8#¢ B%Bparison of measured and predicted improvement in reflected loss
between tuning stfie®78]. AThatchipgteretysek, 200Mprgimgtude aptorabied@Rotapsce oirctal configured

o be coupled 1o oSS\ A0 FANSIUHEH POHRNNG fieSAer RN ol Rampication device

wherein the tunable reactance circuitisa le to a plurality of tuning states, and wherein the
determination of 22fMingdstatetirpemery sA0R B cQeTEEEerLgYIEl eAethetirsianteuaf)Otermined to

be i?valid and ifs Eﬂ@&@gd@ﬁﬁg@ﬂpﬁnﬁ@m@tﬂ?& ‘?’fﬁ@ﬁ@@_ ani?_%_e@rgpflgﬁ lggpi@?f@qg[ggg feedback
configuration of the tunable reactance circuit, wherejn the. invalidity of the detected measurements is
caused by a mobilSH&\iBs 1k @%ﬁﬁéé@@%ﬁﬂ%ﬂ%?e?*?é‘fg%ta\}\ﬁmsﬁj)%yc%?rﬁﬂh?gﬁﬂ%tH Vice. 3. A

matching network(CRmprishrgiompuictiypstbie Te@rtancadirdeiitndapiiglradetdoh2 @aupled to at least one

tP(ﬁirH&?cgfz@1%@%%”&%58&/?8%5?%‘% %XY% fan,the tunable

of a transmitter pqr i%’&é’}ﬁg $quergoelj\é$£
reactance circuit is A justable to a plurality of tuning es, an erein the determination of a tuning

state is based on tigieaneiatendaviggRdll 8 (c.g., a speaker or remote control) and a network

interface device 2020.

[00079] The disk drive unit 2016 may include a machine-readable medium 2022 on
which is stored one or more sets of instructions (e.g., software 2024) embodying any
one or more of the methodologies or functions described herein, including those
methods illustrated above. The instructions 2024 may also reside, completely or at
least partially, within the main memory 2004, the static memory 2006, and/or within
the processor 2002 during execution thereof by the computer system 2000. The main
memory 2004 and the processor 2002 also may constitute machine-readable media.
[00080] Dedicated hardware implementations including, but not limited to,
application specific integrated circuits, programmable logic arrays and other hardware
devices can likewise be constructed to implement the methods described herein.
Applications that may include the apparatus and systems of various embodiments
broadly include a variety of electronic and computer systems. Some embodiments
implement functions in two or more specific interconnected hardware modules or
devices with related control and data signals communicated between and through the
modules, or as portions of an application-specific integrated circuit. Thus, the
example system is applicable to software, firmware, and hardware implementations.
[00081] In accordance with various embodiments of the present disclosure, the
methods described herein are intended for operation as software programs running on
a computer processor. Furthermore, software implementations can include, but not

limited to, distributed processing or component/object distributed processing, parallel
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measurements are determined to be invalid and is based on information from at least one of an
open-loop or closed-loop feedback configuration of the tunable reactance circuit, wherein the invalidity
of the detected measurements is caused by internal interference generated by the communication
device. 4. A non-transitory computer-readable storage medium, comprising computer instructions to:
determine a validity of detected measurements based on amplitude modulation; and determine a
tuning state of a matching network having a tunable reactance, the determination of the tuning state
being based on whether the detected measurements are valid and being based on information from at

least one of an op@ad&@mgroela%drh@%fﬁ@ﬁmlﬁgr&ﬁg dI@fiBcoRsth AN ANSIEAIdAt the

computer-readable s éih medl m comprising computer instructions to: determine a validity of
detected measureftieht §‘33:P IS dhtected input level measured during transmission and
non-transmission;[6@82] detepwinetaiichingcstatecofpiarratchinhimetvedaklhanddigra tunable reactance,

e etermination S HIIAG-HAL5.L3178 besed NI Ue Asleried megsHmpals are val

and being based on |nfor ation from at least one of an open- oop orc
configuration. from a propagated signal so that a device connected to a network environment 2026

can send or receive voice, video or data, and to communicate over the network 2026
using the instructions 2024. The instructions 2024 may further be transmitted or
received over a network 2026 via the network interface device 2020.

[00083] While the machine-readable medium 2022 is shown in an example
embodiment to be a single medium, the term "machine-readable medium" should be
taken to include a single medium or multiple media (e.g., a centralized or distributed
database, and/or associated caches and servers) that store the one or more sets of
instructions. The term "machine-readable medium"” shall also be taken to include any
medium that is capable of storing or encoding a set of instructions for execution by
the machine and that cause the machine to perform any one or more of the
methodologies of the present disclosure.

[00084] The term "machine-readable medium" shall accordingly be taken to
include, but not be limited to: solid-state memories such as a memory card or other
package that houses one or more read-only (non-volatile) memories, random access
memories, or other re-writable (volatile) memories; magneto-optical or optical
medium such as a disk or tape; and/or a digital file attachment to e-mail or other self-
contained information archive or set of archives is considered a distribution medium
equivalent to a tangible storage medium. Accordingly, the disclosure is considered to
include any one or more of a machine-readable medium or a distribution medium, as
listed herein and including art-recognized equivalents and successor media, in which
the software implementations herein are stored.

[00085]  Although the present specification describes components and functions
implemented in the embodiments with reference to particular standards and protocols,
the disclosure is not limited to such standards and protocols. Each of the standards for
Internet and other packet switched network transmission (e.g., TCP/IP, UDP/IP,
HTML, HTTP) represent examples of the state of the art. Such standards are
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6. A non-transitory computer-readable storage medium, comprising computer instructions to:
determine a validity of detected measurements based on phase measurements outside of a
predetermined deviation; and determine a tuning state of a matching network having a tunable
reactance, the determination of the tuning state being based on whether the detected measurements
are valid and being based on information from at least one of an open-loop or closed-loop feedback
configuration. 7. A non-transitory computer-readable storage medium, comprising computer
instructions to: determine a validity of detected measurements based on a comparison of

measured and pregiclad {IBNSPURSINA BPINehSRATEESH ARflivalcHRIRITIIBR AJMNING tate of a

matching network having a tunable reactance, the determination of the tunipng state being based on
whether the detectll LGRS (E APE Vol BRI LSS HAHBH ol APTnst one of an

open-loop or closdakitopsfeedbaskaonfiguiratioms. 8. A non-transitory computer-readable storage

medium, comprisiﬂ%mpuﬁ% iirﬂl%lgrtpaqb%sof%lmbodiments described herein are intended to provide
a general understanding of the structure of various embodiments, and they are not
intended to serve as a complete description of all the elements and features of
apparatus and systems that might make use of the structures described herein. Many
other embodiments will be apparent to those of skill in the art upon reviewing the
above description. Other embodiments may be utilized and derived therefrom, such
that structural and logical substitutions and changes may be made without departing
from the scope of this disclosure. Figures are also merely representational and may
not be drawn to scale. Certain proportions thercof may be exaggerated, while others
may be minimized. Accordingly, the specification and drawings are to be regarded in
an illustrative rather than a restrictive sense.
[00087] Such embodiments of the inventive subject matter may be referred to
herein, individually and/or collectively, by the term “invention” merely for
convenience and without intending to voluntarily limit the scope of this application to
any single invention or inventive concept if more than one is in fact disclosed. Thus,
although specific embodiments have been illustrated and described herein, it should
be appreciated that any arrangement calculated to achieve the same purpose may be
substituted for the specific embodiments shown. This disclosure is intended to cover
any and all adaptations or variations of various embodiments. Combinations of the
above embodiments, and other embodiments not specifically described herein, will be
apparent to those of skill in the art upon reviewing the above description.
[00088] The Abstract of the Disclosure is provided to allow the reader to quickly
ascertain the nature of the technical disclosure. It is submitted with the understanding
that it will not be used to interpret or limit the scope or meaning of the claims. In
addition, in the foregoing Detailed Description, it can be seen that various features are
grouped together in a single embodiment for the purpose of streamlining the
disclosure. This method of disclosure is not to be interpreted as reflecting an

intention that the claimed embodiments require more features than are expressly
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determine a validity of detected measurements based on a comparison of measured and predicted
improvement in reflected loss; and determine a tuning state of a matching network having a
tunable reactance, the determination of the tuning state being based on whether the detected
measurements are valid and being based on information from at least one of an open-loop or
closed-loop feedback configuration. 9. A method comprising: detecting interference with a
communication device; and determining a tuning state of a variable matching network of the
communication device based on the detection of the interference. 10. The method of claim 9,
comprising determiging thesningrstatehasadiniiiermationdfaet atlerstene fbalQRaRoop or
closed-loop feedback. configuration of the variable matching network. 11, The method of claim 9,
comprising detectlfy BTH MBI CE B e o ISP HEBROSHERE St W Ratio (VSWR)
data measured ovdsiaparidarobyimeyrponglitlide mhoddation Desefieciedvitipedanelasured during
transmission and AgRyiATSIISSION, PIASEMEPHEENE QU SRR £ DIRASIBHiNGd dpviaton a
n [ r I

comparison of measured a ‘pre icte ‘ans ssion p‘O‘W eve changes, and a C mparlson of
measured and prébiféfeerimprovanranqdineéstar e s4lized withefopamabef gpethsrrobedimerising:
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changing the tuning state to a different tuning state based on the information from the closed-loop
feedback configuration when the interference is not detected; and utilizing a last known valid tuning
state when the interference is detected. 13. A communication device, comprising a controller to
determine a tuning state of a variable matching network that controls one or more operational
characteristics of at least one of a receiver portion and a transmitter portion of the communication
device, whetdidM¥Zontroller is operable to: detect an existence of an interferer; and determine
the tuning stgtebiases megviether the interferer exists and based on information from at least one of
an open-loop or closed-loop feedback configuration. 14. The communication device of claim 13,
wherein the controller is operable to determine the existence of the interferer based on at least one of

Voltage Stampding \Naﬁg&m@r(é{ﬁm);dﬁ{gi@ﬁgsured over a period of time, amplitude modulation, a
reflected input measured durin transmlssmn and non-transmission, phase measurements outside of a

predetermined deviAHBAP'S ERBMRCIFPUR FRILGWES %Bepﬁ%ﬁlﬁ@&ql%rlﬁ‘?ﬁl%ﬁ gbwer level changes,

and a compgaeni KEMPBARHeAPRA feERACERAION P YRBIAR A caflec@sliess. 15. The communication
device of claim 13, wherein the controller is operahle to: change the tuning state to a different

tuning state based YIRS MR REREH SASHNPRCHIGULLE %H#@Q%Q&%Wﬂ@ﬁ HHR VAR interferer
does not exigid anreliiTeeaigEeMinsivristermings daning siaie svhencther intestese sidpas exist.

measurements are determined to be invalid and is based on information from at least
one of an open-loop or closed-loop feedback configuration of the tunable reactance
circuit, wherein the tunable reactance circuit is operable to determine the validity of the
detected measurements based on at least one of Voltage Standing Wave Ratio (VSWR)
data measured over aperiod of time, amplitude modulation, areflected input measured
during transmission and non-transmission, phase measurements outside of a standard
deviation, a comparison of measured and predicted transmission power level changes,
and a comparison of measured and predicted improvement in reflected loss between

tuning states.

2. A matching network, comprising:

atunable reactance circuit configured to be coupled to at least one of a
transmitter portion and areceiver portion of acommunication device,

wherein the tunabl e reactance circuit is adjustable to a plurality of tuning states,
and wherein the determination of atuning state is based on whether detected signal
measurements are determined to be invalid and is based on information from at least
one of an open-loop or closed-loop feedback configuration of the tunable reactance
circuit, wherein the invalidity of the detected measurements is caused by a mobile

device generating asignal that interferes with the communication device.

3. A matching network, comprising:

atunable reactance circuit configured to be coupled to at least one of a
transmitter portion and areceiver portion of acommunication device,

wherein the tunabl e reactance circuit is adjustable to a plurality of tuning states,
and wherein the determination of atuning state is based on whether detected signal
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16. The communication device of claim 13, wherein the variable matching network comprises a
voltage tunable dielectric and a directional coupler, wherein the directional coupler is operably
connected with a filter. 17. The communication device of claim 13, wherein the variable matching
network comprises at least one of one or more capacitors with a tunable dielectric constant, and one
or more capacitors of a fixed capacitance controlled by one of one or more micro-electromechanical

systems (MERSYSMeEReR B AR SHUNSHRPE vl &8s B BLoT 8l A0 etk éBFhprising:
detecting inm&ﬁmaﬁ@mo@pmwé@m@& confiURTIA B Rettumiag Staderaice variable
ec

matching network of t ommunication device based on parameters associated with the interference;

and adjustirfdy B4 VARE610 IataMAEINE TSR eSS MeRe HRISHS R EPUTRHEY SRR 9. The method of
claim 18, cqptprisfedcadjusiiad s reabienialcaide tererk based on a last known tuning state when

the interference is not present.
4. A non-transitory computer-readabl e storage medium, comprising computer
instructions to:
determine avalidity of detected measurements based on amplitude modulation; and
determine atuning state of a matching network having atunabl e reactance, the
determination of the tuning state being based on whether the detected measurements
are valid and being based on information from at |east one of an open-loop or closed-

loop feedback configuration.

5. A non-transitory computer-readabl e storage medium, comprising computer
instructions to:

determine avalidity of detected measurements based on areflected input level
measured during transmission and non-transmission; and

determine atuning state of a matching network having atunable reactance, the
determination of the tuning state being based on whether the detected measurements
are valid and being based on information from at |east one of an open-loop or closed-

loop feedback configuration.

6. A non-transitory computer-readabl e storage medium, comprising computer
instructions to:

determine avalidity of detected measurements based on phase measurements
outside of a predetermined deviation; and

determine atuning state of a matching network having a tunable reactance, the
determination of the tuning state being based on whether the detected measurements
are valid and being based on information from at least one of an open-loop or closed-

loop feedback configuration.

7. A non-transitory computer-readabl e storage medium, comprising computer

instructions to:
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20. A method comprising: detecting interference with a communication device, wherein the
interference is sourced by another communication device; and determining a tuning state of a
variable matching network of the communication device based on the detected interference. 21. A
non-transitory computer-readable storage medium, comprising computer instructions to: determine
interference with a communication device; and adjust a tuning state of a variable matching network

of the communicatisHeHBIea ¥aLEHYPf FeteHeeBIRaLensate Bah ANE FABHENSAROT 22. The storage
medium of ¢lrigardd &‘i&%%ﬂi&f@j@m&@é}w&”@@uﬁﬁj@%@f a frequency of occurrence, a
duration, and an amplitude. 23. A matching network, comprising:,
determine atuning state of ‘a matching network having a tunable reactance, the
determination of the tuning state being based on whether the detected measurements
are valid and being based on information from at least one of an open-loop or closed-

loop feedback configuration.

8. A non-transitory computer-readabl e storage medium, comprising computer
instructions to:

determine avalidity of detected measurements based on a comparison of
measured and predicted improvement in reflected loss; and

determine atuning state of a matching network having a tunable reactance, the
determination of the tuning state being based on whether the detected measurements
are valid and being based on information from at least one of an open-loop or closed-

loop feedback configuration.

0. A method comprising:

detecting interference with a communication device; and

determining atuning state of a variable matching network of the communication
device based on the detection of the interference.

10.  Themethod of claim 9, comprising determining the tuning state based on
information from at least one of an open-loop or closed-loop feedback configuration of
the variable matching network.

11.  Themethod of claim 9, comprising detecting the interference based on at |east
one of Voltage Standing Wave Ratio (VSWR) data measured over aperiod of time,
amplitude modulation, areflected input measured during transmission and non-
transmission, phase measurements outside of a predetermined deviation, a comparison
of measured and predicted transmission power level changes, and a comparison of

measured and predicted improvement in reflected | oss.
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a tunable reactance circuit configured to be coupled to at least one of a transmitter portion and a
receiver portion of a communication device, wherein the tunable reactance circuit is adjustable to a
plurality of tuning states, and wherein the determination of a tuning state is based on parameters
associated with a detected interference.

12. Themethod of claim 9, comprising:
changing the tuning state to a different tuning state based on the information
from the closed-loop feedback configuration when the interference is not detected; and

utilizing alast known valid tuning state when the interference is detected.

13. A communication device, comprising a controller to determine a tuning state of
avariable matching network that controls one or more operational characteristics of at
least one of arecelver portion and a transmitter portion of the communication device,
wherein the controller is operable to:

detect an existence of an interferer; and

determine the tuning state based on whether the interferer exists and based on
information from at least one of an open-loop or closed-loop feedback configuration.

14.  The communication device of claim 13, wherein the controller is operable to
determine the existence of the interferer based on at |east one of Voltage Standing
Wave Ratio (VSWR) data measured over a period of time, amplitude modulation, a
reflected input measured during transmission and non-transmission, phase
measurements outside of a predetermined deviation, a comparison of measured and
predicted transmission power level changes, and a comparison of measured and
predicted improvement in reflected loss.

15.  The communication device of claim 13, wherein the controller is operable to:
change the tuning state to a different tuning state based on the information from
the closed-loop feedback configuration when the interferer does not exist; and

utilize a previously determined tuning state when the interferer does exist.
16.  The communication device of claim 13, wherein the variable matching network
comprises a voltage tunable dielectric and adirectional coupler, wherein the directiona

coupler is operably connected with afilter.

17. The communication device of claim 13, wherein the variable matching network

comprises at |east one of one or more capacitors with atunable dielectric constant, and
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one or more capacitors of afixed capacitance controlled by one of one or more micro-

electromechanical systems (MEMS) switches and one or more semiconductor switches.

18. A method comprising:

detecting interference with a communication device;

determining a tuning state of a variable matching network of the communication
device based on parameters associated with the interference; and

adjusting the variable matching network based on the determined tuning state.

19.  Themethod of claim 18, comprising adjusting the variable matching network
based on alast known tuning state when the interference is not present.

20. A method comprising:

detecting interference with a communication device, wherein the interferenceis
sourced by another communication device; and

determining atuning state of a variable matching network of the communication
device based on the detected interference.

21. A non-transitory computer-readabl e storage medium, comprising computer
instructions to:

determine interference with a communication device; and

adjust atuning state of a variable matching network of the communication

device based on parameters associated with the interference.

22.  The storage medium of claim 21, wherein the parameters comprise at least one

of afrequency of occurrence, aduration, and an amplitude.

23. A matching network, comprising:

atunable reactance circuit configured to be coupled to at least one of a
transmitter portion and areceiver portion of acommunication device,

wherein the tunabl e reactance circuit is adjustable to a plurality of tuning states,
and wherein the determination of atuning state is based on parameters associated with

adetected interference.
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