METHOD AND APPARATUS FOR MANAG NG | NTERFERENCE | N A COVMUNI CATI ON DEVI CE
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clains
priority wo2ui1833@rovi si onal Application Serial No. 61/ 226/UR0@ 1/o832e¢l on
April 20, 2010, the disclosure of which is hereby incorporated by reference
inits entirety. FIELD OF THE DI SCLOSURE [0002] The present disclosure

rel ates generally to communi cation 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.

Page 1 of 31



operations, and nore specifically to a nethod and apparatus for managi ng
interference in a comuni cation devi ce. BACKGROUND [0003] The quality of

Wi rel ess wormunize@tvi ons bet ween w rel ess access points ®OTlusasi1Mészes ess
Fidelity (WFi) or cellular base stations and portabl e nobile devices such
as cell phones and | aptop conputers can depend on many factors. For
exanpl e, an antenna's performance in a portable device can be inpacted by
its operating environment. Miltiple use cases can exist for radi o handsets,
whi ch include such conditions as the placenent of the handset's antenna
next to a user's head, or in the user's pocket or the covering of an
antenna with ﬁlﬁ]@ﬂ‘ﬁE% ﬁlll-lﬁﬁrbﬁﬁgﬁ:l f)k&%ﬂ\'{ds' npair wreless device
efficiency. Srmrtarty, tihe quatrty W TEeress communi cations can be

af fected by nei0adr k Fﬁﬁ)dl @gyctsalnaﬂldsua:tatelembodlfnehw arvoivinuiceton deeice; BRI EF

DESCRI PTI ON Dgﬁ?V ICctsS a ustrat.i Lve
enbodi nent ofﬁmxgtnnun Sﬁ Hsrm“m[aéﬁgfg f%fogng% ramﬁew‘frlustratlve

enbodi nent of the cponiuhioatiofdegict vBFISCe] ver of

[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
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t he communi cation device of FIG 1; [0006]FI Gs. 3-4 depict illustrative
enbodi nents of a tunable matching network of the transceiver of FIG 2;

[ 0007] FI &80 2b6H16i3skespi ct il lustrati ve enbodi nents of a tumablus20iemsinye

el enent of the tunabl e matching network; [0008]FIGs. 7-8 depict

il lustrative enbodi ments of portions of conmunication devices with tunable
mat chi ng networks; [O0009]FIG 9 depicts a nethod operating in portions of
t he conmuni cati on device

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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of FIGs. 7-8; [00010] FIG 10 depicts an illustrative enbodi nent of a
portion of conmunication devices including a power and phase detector;

[ 00011] PANG.20fl3sepi cts an illustrative enbodi nent of aPCTaa@n®y32d$ agr am
for the conmuni cation device of FIG 10; [00012] FIGs. 12-16 depict

il lustrative enbodi ments of portions of conmunication devices including
power and phase detectors; [00013] FIGs. 17-18 depict illustrative

enbodi ments of exenplary timng diagrans; [00014] FIG 19 depicts an
illustrative enbodi ment of a portion of a conmunication device including a
power and phad¥02Ht eOnormbdinontSF heipGserdisdiopire egaikirk rextborpdoamyisid agr ammat i ¢

representati Ofct 91"11111%11%@1&1&%5 0?11{t£§refn% &MPE c&n&ﬁlﬁgﬂfﬁg@ﬁa IS h%%%t‘éffér?rltéé whi ch a

set of instructions cause orm any
one or nore obeibvhmunetl bypdointgfees; zdldadjustsgdl thigngstate of a variable matchmg

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 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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DETAI LED DESCRI PTI ON [00016] One enbodi nent of the present disclosure
entails a conputer-readabl e storage nedi um conpri sing conputer instructions
t o det ectwanrouxidsésence of an interferer and determ ne apPcunisagisszee of a
mat chi ng network having a tunable Page 2 of 31 react ance, where the
determ nation of the tuning state is based on whether the interferer exists
and is based on information fromat |east one of an open-|oop or

cl osed- | oop feedback configuration. [00017] One enbodi nent of the present

di sclosure entails a matching network, conprising: a tunable reactance
circuit confi ¢ ed remesort agnustie diating kayphdemmanteussfl ba phengngnd/vbrar porti on

eact ance- cf r Uty [ MR AuERTRIBLIRY Bs BFYOAGn AR Rold RBbHO 2 °
wher ei n t he dét®Eywh pambochomear tolni gD skigtid Grgstdd dxgpdayarOMER { Gregrnian
L et e SR AT PP b PIE B
circuit. an end user of the communication device 100. In an embodiment where the display
110 is a touch-sensitive display, a portion or all of the keypad 108 can be presented by
way of the display.
[00027] 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
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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[ 00018] One enbodi nent of the present disclosure entails a nmethod
conprising detecting interference wwth a comuni cati on devi ce based on an
exi st encewof2omn3Besver f erer and determ ning a tuni ng statreTafs2@1was2nabl e

mat chi ng network of the conmuni cati on devi ce based on whet her the
interferer exists. [00019] One enbodi ment of the present disclosure entails
a communi cati on device conprising a controller to determne a tuning state
of a variable matching network that controls one or nore operational
characteristics of at | east one of a receiver portion and a transmtter
portion of théhcemtruhiicsatt Bhcaepinpase alperteDiheneatet A, beg orimorodigitalbl e t o

detect an exi 8806 cOf oAk (IALLT Rk Gha AL ARKELMR NG HLHOL Bk L ate based

on whether th erer exi st’'s an nin ion fromat | east one
of an open- Ioalpplmﬁytlmwegk—geocrpteﬂbgdhad)A@oﬁlﬂa agnphélbdslgnalpﬁlﬂﬂﬂ@qltm

enbodi ment of tr?lgre r ac 1\|fesccotn}ci)s{lfén?s it ?d aﬁld%ogEucH%?%h%%n in lFfd 9 det ecti ng
an exi stence O an |n erer at s 1hterterirn conmuni cati on

devi ce; det er whivhrgpiets aq)msrbge cstcatteorﬁfgualtmmfdrahzltmamsnztredum@elamémﬁﬂ(k of the
communi cati on_deyi ce .based on. whet.her. the i and adj usting
Che var | abl o i UHiiRg ORI PRGNS e o bRy Riea SRk RipE0i e “onty
when the exi st@nsE il ah eluttoi S0 veitted fikel ifdictaded, exh@airc iR Eiradie are

enbodi ment of t hg pres nt disclosure entails et hod conprising detecting
interference RPER! W%Oéﬁeimé’??t?ﬂié%)’lt eepr§§?m%%°€i055’5? an interferer; and

det er m ni ng a[dO'OB‘O]”QTﬁé ﬁﬁnﬁal@&apacﬂbw sad08 cma@ﬂuﬁmzen%m%y @bt etnblrﬁes
communi cati on device based on the detected interference. Page 3 of 31

[00022] One eftdbilifrerihosrrachench pbgihtomnoaettoQns embadingent of the &@elhlsa

conpri sing detglafiidN 5l-RRBIBEIRE S oRgel OPElﬁFefn?fuﬁiH}@dl\Ql'e@thc FhafcRARVIINGARI ON
device, the interference being sourced an interferer; and adjusting a

tuning state WmI%PSU@flloébﬂf@l%@émfﬁ@taﬁ@? . o illpragemeasiat i on devi ce
based on the g ft%ﬁ%ﬁ@P%c%@tfﬁﬁ%ie éa%gg?o?] In%%th@f@%d[ﬁ%ﬁ? RS uhddfe Present

di sclosure entails a match 1 ng net wor k nprising a t unabl e react ance
circuit confi tpasted clamnebe3 l@malpu@eketsan@pndue@svarmi@rs oPthgr pregenterinekier porti on

and a receive en%t;qulgh %gfa & 5@{3@5@1@3@%& avcbﬁg%ppp{@%%aﬁg MM{A@@&J e

reactance cir I's a uralit uni ng states,
wher ei n t he detremhiunailé aacttyfe e&ﬁteutmrﬂgan@mﬂ:eedlwtbasesbnomscpieauaﬂmt ers

associ ated w EJbO?l]dEtTﬁg b%(—jto—llfg ceornfvgrtteer‘@ﬁé? 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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[ 00024] One enbodi nent of the present disclosure entails a non-transitory
conput er -readabl e st orage nedi um conpri sing conputer instructions to

det er m newDrnbEwf3865ence Wit h a conmuni cati on devi ce; andpadjusseiiasi2eni ng
state of a variable matching network of the communication device based on
paraneters associated wth the interference. [00025] FIG 1 depicts an
exenpl ary enbodi nent of a communi cati on device 100. The communi cati on

devi ce 100 can conprise a wireless transceiver 102 (herein having

i ndependent transmt and receiver sections, a user interface (U) 104, a
power supply tdmprissngdwatckabietreasitiveelehods fush ansheagimbl@pedathisons t her eof The
vm'relesstran tinkl e \W.hel ess
Access t echnol oy uins e eSO tobicB PG e dARDR By WALk RIRUENER 3

Tel econmmuni Cabusomlsc}( m@ﬂdﬁco&iad wéh berhmpn Booimmrtsatelmathmecictgmoﬂoogi es, just to

mention a few, I0|e |ncI d COVA- 1X,
WCDVA, UMIS/ H@BBA &E @%ZM&?ZG B %1 E medlesner ation
cellular w reb%&ndaenmpﬂememéd with S@ﬂbmﬂhm@ mtcm drhﬁqtoa’[alcbleed M@R06&6] The Ul

104 can include,a depressible or to nS|t| p

o gati on. oSt SR e sy e R BR et oy gati on
g| sk 1(‘1 or mani Wb&ﬁgﬂ@ldﬂ@ﬁﬁ@t{@fkﬁctﬁff@ e%eh&ntﬁ@cf’ﬁﬁhmﬂoﬁaﬁmdm:tcﬁwme %%h thEhe

eypad 108 can be an_inte of a housi t he

comuni cat | onsva%%l@ee ARG G&%Véﬁ%mmd%tﬁﬁ% %Eee%%w EBEHI9Y thereto
by a tetheredcmigetlatifg i nterface (such as a flex cable) or a wirel ess
interface Supﬁ}?@tl ng for exanple Bluetooth. The keyf)ad Page 4 of 31 108 can

represent a nilif8s3lc arh%ﬂumﬁglqu@ﬁ&adu@%%ﬂ@&}%@rby Bhiiagovidggsdhior a Querty
keypad wi th akmﬂémg'acfnéﬁﬁyt% Cgﬁﬂ%e@brf&%ﬂn&%ﬁra%&@@thé slsdger do#i splay 110

such as nonochrone or col or eg Crystal Display), OLED (Organic
Li ght Emitti n@jllC&aéd@UeXémp]@tMﬂo%lmlt 59, éfaﬂﬁf%lﬁPra‘VWteééﬂ%%ﬂ“@g;ﬁfﬁl%?n%onvey| ng

images to an gnd,USeliffity! ffeF o bieldraR ﬁl\ﬁhﬁf‘caﬁ&{)devic@ aabgeé?ﬁp()d' ment
where the dlsplay 110 is"a touch-sensitive a rtion or all of the

keypad 108 canbsbwtipn eade(bdd Oﬁwamybycﬁhmm@bddts@eawnw b@@@?l]fofmecqoomer suppl y
114 can utilize I%thgoﬁ]l @?%ﬁr managenment technol ogi es (such as replaceable
batteries, é ﬁy regu I'on technol ogi es, and chargi ng system

t echnol ogi es) [G0834]s uplagtiiong oemerlgyretd@suahb pcdnqmmmlsraotfermtiwmammni cation

deviee 100 Loyl LA DO ERL GO0 6L S RBSEISR ot O, oo
si gnal pr ocesslambeDIR)thivwdntigasiac n}wtdesigsetr@arag@foma ralibyatiuaicasuréthashyf ROM
RAM  SRAM DR'S‘!:\r/Ifo(%{llar?gerf)g{anlle{elr(seoftt}?ecc%pn%llu%gclatlon 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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[00028] FIG 2 depicts an illustrative enbodi nent of a portion of the

wi rel ess transceiver 102 of the communication device 100 of FIG 1. In GSM
appl i cat iwo2o1t1386str ansnit and recei ve portions of the transeaiiws22402 can
i ncl ude common anplifiers 201, 203 coupled to a tunable matchi ng network
202 and an inpedance | oad 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 transmt signal in the formof a radio frequency (RF) signal (TX
can be directed to the anplifier 201 which anplifies the signal and directs
the anplifi edCeliyntain capbe perfaamedometh@06e eapessagh afantdnea v eaddven, mat chi ng

net wor k 202 i ««(hS» i The
receive portrlgbﬁeg%%m hgk‘etaﬁlgens%lgl 5@?%’5@“‘£lgé{tloﬁtd§ ?eglzme{l%ﬁi VQHI n@]% ﬁ{toﬁlnr 203

whi ch anplifi baldstiugmaalysfrmdemhadorhmm tAny rmnfcanf&s@@ﬁesbyn vayppditd tohe t unabl e
mat chi ng net wor | freogen\é\hg " nd Cohbanglfdesu abI ed for a receive session.

O her configurati éE are p055| % for other types of cellular
access tec hno[(mgBG]s §L(¢W c&pw@Mxerﬂ'ﬁiasembldimnﬂ adagdrtoanf & gpmatmion®nar e

cont enpl at ed 0 e 0002 Gs. .3-4 j Ct.

TSt Pati ve SSSAORBHER Sotevierdt BT b P Rimgblsrisiie sk bishe
transcei ver 10 iafludd eﬁnunﬁaler bircoaipenamack :liEBid dlnecﬂidiﬁlbcltouﬁlabh@, sagtediorng net wor k
202 can corrprl e a.contro U|t 302 . and a tupa reacti el ement 310.
Page 5 of 31 T aéBﬁfY%a%WB 10%%%0%§ﬁn@%rﬁﬁfl@ré“‘é€%§§©5éﬁﬂdﬁ/erter 304,
one or nore diugktAl ¢Rhadal @@apﬁe@wem{cé M) M3@fe @OSINENGY). MRE €
correspondi ng buffers 308 to anplify the voltage generated by each DAC. The
amplified si gﬁléﬁbleaﬁwb@gﬁéw%caaﬁ@ﬂw VAous Oﬁhfha%wn?%md%wemdﬁem s 504,

506 and 508 syphe @%héé&wanéﬂas b, iReludihi %@%mts:ae%c%ea%&le%@l Bipui t
configuration for the tunable reactive el ement : his illustration,

t he tunabl e r&dtOpvied. &mﬁ*ﬁﬁblem@hﬂwemlscmheé@uml%@@m@n@wa@taml@ 504- 508
re possi bl e, e e e e g Y S050]
The tunabl e E:hgwcmtm sorBOUniGUBN deviceerd lnathér|deyiec ereukippl dyipistchempleryabl es
tunabl e capactTorufERaRLbaRAGBoR B PR AT PR AIRGABPH0 Bhod P
dielectric natsenueﬁd:@gsumhasar&nnﬂswp@sd teceptioon f Hamalsby the domdei Maribust anat e
e cor SRl AR OTRSP D AL PRI,
utilize sem caBlzjdlelnotTh@/ﬁlremt msdosuadmarenptmeﬂter RF le‘vebsﬂaeggluehaﬂloon met hods
funabl o r oact FUBTEFBihent “aE On e ipRaeetay B s S ars i Bsar e
[ 00031] The DGndesirddGusinnufht esvicdddocan recei ve a power signal such as 3
The. O 1t onC cOIRH: eF T cbish e BUHMHOPLERFGH SayioB hhBI PRPERS power
signal to a hyghersooangra &vae, 1086 NO! lﬂ)avﬁlg@hu@meslmhgﬂéheorﬁ%whol ler 106
can supply digital signals to each of the DACs 306 of a control bus

of "n" or nor enif¢lede ¢ mbsHPASORRERIN S@e}h%Sracﬂouplﬁ%8l@a&%@q@%ﬁw%ﬁ Highhabl e

capaci tors 504,RQ8, éiplﬂ@o{tr%l?fﬁpé/@ﬁd@n radUeCifRlt |(HVIA'SY© d36akd 2RGE: b (L tunable
mat chi ng network 20 The control bus can be inplenented with a two-wire

common ser i al ac@mwariealnsAyce Marhsizddgyduy@AMAY) tuneohy The tupehle prchiag
Interface ( Sphétwgfkscan Yﬂ'cHE!le kioak benH ?I H rﬂgﬁ&t&ﬁ%&%ﬁ {%rolg I%Qdﬁa&a& grubmi t

serialized digital signals to con each | 3 or the sw tches
of the tunabl eompments siwval wading4onpafentdaerided abhee withtesisict toiflQuilt6. 302 of

FIG 3 t 3 dt
direct digital "sFEuar BIRMEhALER coh BRI b BPLENRYx0 B AR B 00032
I n anot her enbadimtgmand otrecdivenabt Rcilrttiod corgmmetaton kf @R ldmtwacottpr i se a

cont ol o1 ULl dBRckddn b0ed ST GhorteIREReA"h i MOARLS HRGHaKE of erent
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conprising switchable reactive el enents such as shown in FIG 6. In this
enbodi nent, the controller 106 can supply the control circuit 402 signals
via the SPO2busi3sdsich can be decoded with common Bool earcCorusstiainss2asachi ne
l ogic to individually enable or disable the switching el ements 602. The
swi tching el enents 602 can be inplemented with sem conductor sw tches or
m cr o- machi ned switches such as utilized in mcro-el ectronechani cal systens
(MEMS). By independently enabling and disabling the reactive el enents
(capacitor or inductor) of FIG 6 with the switching elenents 602, the

col | ective retctcamownightianisvice fbis en presiotiyve aingonierer 3ADWhichis dirsuptiagi ed.
[00033] The 't gl LintroPoob e HRABLE, IR ER! PHFINOL YEWRAR (206 idr ovi des
the controller a means to optim ze performance paraneters of 't he
transcei ver 10W®038]chDasice 8@ caexatpl @pe bruhomebmpongnts @kt alow for hesmi t t er
power, transm,ter efficiency, receiver nsitivit ower. consunption of
Phe communi cabtiengh e dERRY sal A R Thad For binle denmPRAR<§ PP er oy by *a
human body, f ineafeencytettind Fpeinftanoapin©ee panpiey embqdiad, thoAGviIM [ 00034] To
achi eve one or, nore desirabl e performnce characteristics which a designer
Gan defino. ¢ MEUQBR AR f i Bt Beo e SHCHAR siticedl et Cnuding <
chanmber. In tb’t?t& when Vilgunhadsiromentt l‘%&lHé&ﬁdd?.nwr']heﬁaﬁheﬁﬁﬁélﬁ)d’nlﬂ’is%iehbiﬁlai ioon )
measur enent s . perfaormance paranet.er t he copmunj catio evi ce 100 suc
as Total Radi B¢ E‘dallﬁéa}@gﬂ?ﬁﬁlﬂf? PR frshg%?lawe '8 EIP{“?%W{VQ’(‘%F S) or

Radi at ed Har npiri€HarRasdds. cOBRE &justBGR ¥ @le tBhihe RLBAGH cah EBIBOBEIEliZBOVET
efficiency, and power consunpti just to nention a few. For a

: . on ! j .
mul ti - f r equen&gr iBe#ge BRvIRE ot bolelayadisuch 2sder 2 RFASIERINe PEE A tiSas ur ement s
can_be perfor grf aR&fid ReRdredienP&h bS Wb amdnothO8Belinfddita anal |y, the
calibration nmeasurenents can be perfornmed under a nunber of use cases of
t he communi caticaregent eaanatthe madp withinihe Ricdseminstimedyriehtien Galdsht es t he
conposi tion o @y WAFE AR Wate R fhel PARAARL G AckIMBURILA] R Mnilgyi ce 100
having a housirrllg assem)l y 021[‘6_a0 flei‘pg fcvjesi gﬁ,c the cor_rrn%%irl coaﬁngﬁé device 100
can be pl aced|M83Q t & ene cawppdinfent, lhelapprabatweaneintennasivesidel thpddvecegp@ pant o
enul ate a typj . i . - i i on such
when a user uP ‘?ﬁ%lzngdg&g?%?@%ﬂttgg%hcﬁtggaggﬁ%g }Até\/%ﬁ%#bt%ﬁég’%g%ﬁlnﬁ%%?egﬁsp%ﬁgsdevi ce
100 is in staMdbyandtiiestodtinehat ererigtecicditi thncaipler o@pdt@0Ticgrutivelapleacled on a hip
of the phant o aigrpth%tqgugilllzle ca(l:rll\QSEdExaﬁla %Ongfti igelan%l Isbrs e%nlsci)nn can be
performed on OPRer” Ude® EaLEs “Sudh agaktanna uB, Or " HowN, Speaker phone
feature "ON' whrhitucicationdededsj @oh aedivadtyla@nhedydtews tdie desplitedtiothhand but

away from the_phant om head. .An use case e applied.to each
Frequency banbEddTBiBAT Y Jedsdet Bleafdusan R €1, G apRRred,

gxerrpl ary enbaidicﬂ'ﬁﬁ'ﬂier@)fr}]/i@coﬁﬁ)ﬁdtéd]jyﬁi;;elr@c@mmﬁii@@ti on divi/vﬁe EOO (suchI ag
evice 100 in_FI 1 aving a tunabl e matchin t wor i an include a
number of conﬂ@ﬂg}]ts){%ﬂ‘@ﬂl% IéOd&T‘?né&nFBWé‘Preglﬂl‘?%lgg ¢ ?ﬁcoélptﬁgfoetg?or(s) 720,
a Hi gh Vol t ageouprpRI @ atticqartoRREybé 6f il 84 vleshdCar aidivde WA C) 730 and a
tuner 740 (such as_an_Adaptive | npedance Matching I\/bdulbe AlMVM tuner)).

The tunabl e nBfERARY HEST WY iR 598 PXARPIS fiesoiieTotade REHE i n

addi tion to opadjdnsrlkase cREuil NehCHINR OAERY SsisdlOMor chifid i itGcFQABPNENE S
descri bed above with respect to FIGs. 1-6. The tunabl e natchi nlgénetwork can
(&

be coupl ed t oouAutahthersruplodt Ot the presei sléselopue cqnigmplpteniliars qauplcd i/ or

recei ver) 0r phchiliat iRGoGAITIN fAkRMnRh: SR SicRRLNRSTekiat be

communi cati on devi ce and another device or system In this exenplary

enbodi ment, t heuptdriortheiogmui pots @éthic daeqioalicgupler, grhoxgmathgr filter rangds geer f er er
790 which is 51@5%&9[3%@9 with the transm ssion and reception of signals by
t he device. Various | evel s are depicted which include a desired range
for the transtfi0841]onli enceimboflin@nt, @ fikER6ABmMch TheBpfidtse nen bl iscirpsucée
contenpl ates ot her RF. I l's, being utilized or engountered. can be seen,
Che tntroduct 1 TsromietiF EorBidterulresifs St I Raldi 8% TEN ng o

t he device 700.
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[00037] FIG 8 depicts an exenplary enbodi nent of a portion of a

comuni cati on device 800 (such as device 100 in FIG 1) having a tunable
mat chi ng wetzawris3astii ch can i nclude a nunber of conponentsTAdisedi1As32as coupl er
810, a detector(s) 820, a High Voltage Application Specific Integrated
Crcuit (HVASIC) 830 and a tuner 840 (such as an Adaptive | npedance

Mat chi ng Module (AIMM tuner)). The tunabl e matchi ng network can incl ude
vari ous other conmponents in addition to or in place of the conponents
shown, includi ng conponents descri bed above with respect to FIGs. 1-6. The
t unabl e mat chilislpctuietstmtice ddier blemewugindy incrporetehintrthast8g@raiadeploy Hanscei ver
(or transmtt ating comuni cation of signals
bet ween t he c§7r Sanlga n%%?ﬁg%ﬁ%%uéﬁ héﬁg%h%é device or system In this
exenpl ary enbi@i0éint WiFage [8codus3inbbthiencet tmvemdesatbed the diea/ofpedi®0ioniak | n

proximty to an e r I n e tuner trol | oop,
such as the B?éhéﬁcg%?\%%e an?gﬁ%%m9§0£ ﬁBd@%gm%Hm nm“©]bﬁ8%§] Devi ce
800 can inC|udﬁm&nﬂﬁﬁﬂbﬂkﬁ@%ﬁﬁﬂgﬁﬂhﬁk&ﬁkMﬂ%t&ihmﬂﬂémﬁw&h&&d@&&nﬁhﬂn of the
interferer and an. ad ust % to the unlng tgf%ﬁp@ based on %p

interferer deP®Pl% p%‘?nr ShgHER anq/of aRES 48 ?@eé’ﬂ?ﬁ% Pt t he Al MV
al gon t hm ﬁannawbrka& ta shpOKimpits 'toae}iiﬂ afljzgdmﬁhrh usighgd & taheEthic tgmhbls tﬁaicﬁﬁlg to
updating the tuning state al.id neasurenents can be nade.

measur etent i SSHBHer RIAKA Htm’ﬂ? HolF AGASITIBIN {TResHlanch ffdiecan &lé?nb%‘t“ilizf*%e t he
llast known valsitl tielRbmglast AR dinitstdagriBéd hidr&ikl! AKhdHSELCRSA! théiher
adjustnents to the tuning technique can also be utilized. For instance, the

tuni ng can beteqBligyraép aV§t?c3r‘i‘dé1§“$96"r lnaer%w%@%grélﬂ%ﬁeﬁré@e%?rﬁla&albl?e ophed ounti | a

valid measur e%@m%gop@eté’fﬁ%ﬁ e&ib@El@fopﬁfe c@ﬁmﬁ’gl OBk, if a valid
measur enent cannot be nade within the pre eternlned time period then the

| ast known val(0§43lunithirodepembadgpent epcplafetpciar| S adban ameac daertyd7dti | i zed
for tuning [ Ogmcohﬂe@{%%rﬁghfaga WRAh thd s%{?éo@idj 1) Q%%%ﬁﬁiﬂe ﬁ{%top?é%&%% ofnside the
devi ce 800 can be nal ntai ne n order to reduce power Internally
gener at ed i nt emplétndy moqudaiioh sueh Wlﬁpu@lrmmwwf@mdﬂq tqrh‘afﬁsea)uwudéqt%@ft ed at the
coupl er out p“E&s%aIPe%]vgﬂéﬁt élgnlélsaﬁn bV, e%llboﬁfme% ‘Eﬂeap 51?£hdta'§'f@11a d ﬁe&ég}eh{eﬁ@d can
vary. Exanples of nultl nt enna systens’in COmNI Gati on devi ces, such
as diversity amﬂe@ﬂﬁx@ysbeWanhcéﬂ@@ﬂ@ndbﬁdﬂ¢mgmmSmnBamenheﬁ@phmuabion
Serial no. 13/ 2 filed . on Januar f he Iosur of which is
her eby |ncorpo%§fb%§8mdma(3P%ﬁdma;am? 3&%n %ﬁ%gmir ﬁﬁhﬁﬁ we“gﬁgt%er

enbodi ment o'elemtedmyrthae danttieation 86t dalrredbﬂnctmmﬁbmcg dignatstbeing rgptrer 810. The
particul ar tyg ? Hter can vary and can include BT/WFi elimnation
filters or PIUEPYSY For exanpl e, these filters can be band rejection or
band "suc kout '[00044]CUIIh§exe-1Efpﬁlr§ Eﬂlb(&iim@rﬂsndd@ﬁltﬁdﬁbﬂa@aﬂio%iakbﬁﬂfnu@&ﬁtﬁﬂned to the
refl ection output of the 810, t he present. discl osure

cont enpl at es fig igedp Qi '1‘C1 "tc& 058{1 Hlt‘HEbFf‘HL‘i]Eaé ls(ﬁen?rﬁtépgc‘@ﬁﬁ?ré‘i‘ce %4t Sone

embodi ment , Zaffec@ﬂigmlcbmmafchtwﬁ delicé. emSon6 aMbOBmERURL 86idcQah iEplOHéfIWt ports
of the directlonal coupl er, althouqh other filter ranges can al so be
t

utilized. [ooBwi-thread apennaiybg sheerithma Fpy ingtasce gppess [9OR 10gk-uR e 630 t er) can

be i ncor por at ggbratBtdtdr & cGRHMfunBik QrardHOF cdcRBARNGS-baBill HERn&AP| €rs can be
built in a multi-layer Page 9 of 3I dielectric structure, filter elenents

can be i ncor pBYieSIcHcH sllecta tigerishle Wendepiraitinghibe glggBhmgan panig r ej ect
or elim nati ofednlif &g bEGS 'tlfnﬁ%' 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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[ 00042] Wi le the previous enbodi nents have described the use of a
directional coupler to detect the VSWR or inpedance of the tunable matching
net wor k awot2ha/iseasrce of feedback for the al gorithm contcaluszeng/osizes t unabl e
network, there are other possible conponents, techniques and/or neans to
determ ne the inpedance of the network, or to supply inputs to an algorithm
designed to tune the tunabl e matching network. Known nethods for
determ ni ng i npedance matching can also be utilized with the exenpl ary
enbodi ments described herein. It should be noted that the techniques to
avoi d and mit 109844 ih@ﬁﬁﬁé@ﬂngﬂgﬁgn@ﬂsﬁﬁéKéﬁﬁb@&hheﬂgﬁmn@éﬂwmézabplied to
ot her neans o . 480043] In
anot her enbod?ﬁgﬁ%% %§§99?&ﬁmggén%n ‘%2&%€§¢ggé eP%%?% 75 can be
coupled to or Sysrﬁnisdemed itove 1mcﬂm:11®hs AIMM3u8&®40 ollﬁeEemedlmenthéle presence

of anplitude such_as h rin rd to reverse out put
data on constgﬁgﬂéﬂgmﬁ&ncmlmﬁas I R%ml %ﬁ“%%nt m? mlNHEQMBﬁd aver age
measur enent s bnedbmnﬁmhﬁm&&ﬁ@@ﬁb@kM&ﬁmnahetk@@MﬁHﬂfﬁmﬂ%Kﬂmebsbw$dgmals can

ignore the tr tter i nt nt| ul.ation buyj_ det ct a |it

roaul at i on 11 B EHEERr BB O RS G iBaPR A TR SRR ot ¢ he
desi rfad and n{) ﬁ%ﬁ!g élesredngapsfb@mﬁdkgnb&mﬂgatwn@a&mpeﬁnwlﬁeﬂnﬁmu@lcyasd 152@&11414] The
exenpl ary enpodi nts eSsCcri pe In all.ow a C I catl on Vi C

mtigate the P éltfgr“@lm’éﬂlafﬁtcéﬁrﬁn o %H?dﬁlcqléta&ep%é‘}ﬂé{gV‘ﬁ@ G4 BAFRAPS ce ¢ hat
is affecting bﬁb@ POSIEHMN TR hictht BEMbGR: alddtoaRepRARQifoRALg ordelt® ndevéfce can
inplement a multi-thread antenna tuning al gorithm For instance, an open

| oop | ook-up thststees eimet thasad onoplyrapen-top fesdbaskior basdl Ayorly sloeedt or each
band, sub- ban(boﬁ MRAPARI &RdtepPRBl fb ﬁﬂnngssﬂﬁ@&%rbe%&@fn%nec%a@ed dURCaBIRS) . When
transmtting, e algorithmcan run to determine if a better tuning state
can be found, aahile fafbaskAescRIEPYL- i nprove it. The tuning state in the | ook
up table can Fﬁmﬁﬂpl@ﬁﬁguéﬁmﬁhﬁnﬂkﬁgéNQQ@%&M?Q&)Qﬁi&Eﬁagﬂﬂkﬁgﬂﬁéates for
the particular use case I n operation. Each Return [Loss (RL) or I npedance
measur ement ceristorcohetigfereor Velaatio eap boeriderenct firea aurgsr iof diffeicst wedysowed to

updat e the tu uch as
for a single i era§E§%§mP$ ﬁ%%{ﬁ%%ﬁﬂ%?ﬁ?%@ﬁg%u%%%ﬁggmiﬁzﬁgégw&;age 10 of
31 [00045] NbuhmdAgﬂmpmaml@h@@mthmhnsmapn@@mewsmh1thmnaRFV@K@maI is

anal yzed in order .to .perform.i mat ch ng, 9nep or nor.e . t he
conponent s and?'t gore bé‘il Sesd t°8 r%’lxl;e '¢e cbrrélP Cl an aé) redie{r?{ﬂ%ngﬂhre%{l% tatnc?iér 840. In
one enbodi nentn 1n1tdnkrn@g Ngdhaaisgmcfsemtkfm @ﬂi)nsoa@tof as raeabmreﬂnemp ah ahhmpﬂxﬁn dadni ng
states, which _can,b dat ed se n_neasur nts that are termned to
e valt o ot Rododone B S RS oA SR ST Bt Hor iRl  cedback.
For instance, truénifRfonFogaal andaefidodaigaily. Zeik tiifing of bt akedrdnap caeddback in

conbi nati on mqth gpeg-l%pﬁ f eedback, .%Ch S based. on staored information
that is correl48&EOUH SYNIAY SPTIYST AtVE b QUE IHRATER trpsmyssion; ypuid not
flipped-open popictdnOm)all of (R naEEEAENIE bBCAQST he M QIr&RH @ORIIaEIER per f or mi ng
one or nore of t he steps of nethod 900 based on only open-| oop feedback or

based on onl yPeVELEERFBISHOR Bedhatianothgr apkodingny thetrﬁ%awrﬁwrﬂﬁ@caéltbst e can be
det erm ned bagedeQsl wieredital ¥ SeStoAnsd ﬁﬂllere\‘;e@s% %km@a@ﬁféfﬂe@t@@aﬁ}ﬁ% [ 00046]
Measurenents can then be validated in step such as to detect the

exi stence of aRichgiegofnsident witgthe plagse @ﬁa%ﬁme@@ t@)é@wrawm\ﬂhlclharamwér of
different waygpichhAluRAIFRBce RafifRler Ohd IEbHIGA A58 Phase

measur enents can be taken ov tinme. A conparison of the maxi mumto mini num
val ues can bemdemecmeatydwhidd usdigtthe vedid nivesusesends mrﬂlqmrﬂlamgéommtﬁgmﬁess t han
a predeterm ”m?; Rgr eﬁm{pﬂre EfbodifiSH ﬂﬁ&ﬁch ke dBRcthRGRS cfoﬁ{ ﬁe@&reéélgé?ékh
present for o he neasur enent S, an assunpti on can be made t hat
t he phase of fdmaudmnérdvem dfgncs”iuglmlldaWdah bbearnbafa‘deoéctbctﬁrrtcrﬁartﬂwat Fagf the
transm ssi on for refl h tlnln surenment s
can be Tong. erongn SuBRCeRgen e R Bitun G e e b Rl g
transm ssi on mgmﬂ@mhoﬁu@ﬂmphﬁﬁemﬂqﬁn&nhhb@ﬁnmmé ﬁmmsuxenamtaumamwdat | east
one neasurenent would fall in between transm ssion bursts. In another
enbodi nent, the neasurenents can be processed with respect to the forward
and reverse power neasurenents (anplitude) which are coincident with the
phase neasurenments to determ ne whi chpagelval3id and which were made in the
presence of an interferer, and ignore only those neasurenents, while using
the valid neasurenents in the algorithmc conputations. [00047] |In another
enbodi nent in which the detectors are conplete receivers, the forward and
reverse denodul ated data can be conpared to detect interference. For
exanpl e, conplete receivers as detectors in both the forward and received
sanpl ed signal paths (such as shown |n FIG. 8) can be utlllzed These

o a A Y ”~ A o Y M



[ 00049] I n another enbodi nent, phase neasurenents can be anal yzed and
conpared to a threshold for erratic shift (for exanple applying a 50 ohm
excl usi onWwORhmgB36s2asur enment s bet ween non- coherent si gnaCs/uSsuainiass bet ween
an interferer and a desired signal) can give randomresults. Phase

measur enent s between coherent signals (such as the forward and refl ected
signals) which are close to 50 ohns can al so give randomresults. Phase
nmeasur enent s between coherent signals that are not very close to 50 ohns
are relatively stable. If phase signals are erratic (such as change by nore
than a cert ai ppeaifgalht to et fmgeency wdthe drankinnger ognabansitcamthas dindevainat | on gr eat er
than a certai f

roasur ement o) FHHIE Haha SRS e FEARE, Fo kAo DR bl Ulipinare

enbodi nent thetualll}gai}rpdshhhemaﬂfdmgislgnuiedl nidrm@hhlplenfentbmrhAéﬂor altthle phase is
present and t Qead H{e 011w%§c§ ndsexlfe?‘sre%aerlfl lteshs Yo n3% h&kdhne 3 mo ufation 3s fr om 50
ohms) [ 00050] T Pahother™v e anpl'rng can be per ornea urlng

t ransm ssi on a@de&\hﬁrmﬁtktel stgnalnﬂfrart1herfenes1s(pfe‘seﬂ¥c1he fensitames, citbirkacathe be used
in WCDVA/ CDVA to find.tine he transmtter is. off In or ot her
Time Division e@‘if&?@h&o ‘g‘?oﬁ‘t@P\\lf\gT’r er?fé’tr %éﬁce{vregﬁ‘ﬁﬂ‘ilt‘“aﬁi&?S{SE”I’Z:%%‘“%A ‘used. A

t hreshol d candagodutiqiataedy@ndnappkdhabe dQirél takheet astal Mo latlef cdsfi@hdreasur ed
| evel s during transn155| n are too cl ose Pa %Elﬁ of Si to.the | evel s when
the transmitt BLAUETRSNP Of {HWArd R rorEis NP wTheAt NERRC ISBOGEaNIE AV d. I n one
embodi ment, NMuobds € INBRIHLBIBRLE nfudipld@stus@pled AndelAeh lekeed i nt erferers.
[ 00051] In one enbodi nent, an Al MM engagenent threshold and Refl ection Loss
(RL) targets Bekypulbihyercdpdienive of 1%%@6@ Apuinsteifrern wGTfeipgHEM t ti ng) can

be varied. Wemkihhith ﬁarm%mehts alk SarQlat@E HeY ot lm@%bﬁﬁeetw{akﬁlge
reflected port can be taken. This neasurenent can be used detect an

i nterferer andmpkiadqmeaspementip ersuieh spppds, 5@%P@9@H@n§ﬂfﬁﬁefﬂﬁ¥ﬁwqerer can
be used to sef, 1t{1£br19§(hl%tgnf Bifhd i}ﬁplft@&ellﬁaﬁlaqo@g%eéds@@ &wrmaﬁltxgﬂt'a

nmeasur enment mou deened invalid. The inter [ evel cou al so be
used to adj ustigedenoplatien e thomepsyecredngennibepsignafddge iald. nerit under

i nterferer Cofignidons, ol ARPGRld RIS SIDANLERLy: BERULEIEN S can be

per formed bot fore an ransnl power anges and t hen
changes can banmmmwaoedhb@mbhbdmnm@dmﬁhﬁmgemqﬂﬁqmbmgiaﬁb@un@whmme)IuIar

handset contrgll er has kn e of the
transmitting girll &e qeasurc*tnh 9 \;I\ﬂilegx(laego n coheren 51%1%2155 0(suc R&weeensantmte]if%rer and
transmtted peﬂemmhe@eﬂymﬁgnmemkbﬁQEmmhermeﬁenmenmﬁmammmaieﬂ&eher, t he

tuni ng can be ke atlc powers /retu | oss can be
reasured 1 tRETstEh o8 SR AR S ek R o RBR e ni 1
preset tol er angegi®é rdndem kaaen Bhﬁﬁe&ﬁéa@ﬂ@ﬁbnt@hﬁﬂ@@ cohfrentRR@sH flRMABhotCan be
determ ned to be F g 2@ g by aa@ and asurenents can be deened
i nvalid. [0005%} CI°f° 8 6t ‘ﬁ‘fe,y%t r@%"’éﬁ“ﬁ‘éﬁﬁ%&%ﬁt"éﬂwﬁﬂsthe RL
detected is geeabeby ﬁlbl@ﬁha&ﬁf&rtmﬁ@ﬁlohﬁt%ﬁm:@ﬁtwd feadif® oreaHdRddRbatios great er
than zero (or a predeterm ned value to allow neasurement uncertainty or

ot her variati 5W§tf>rt haha periaHievadieios papc ethgrmethpd; o defestie srrati@casesmedat er mi ned
The predeter mﬂéﬁ%e\&@ﬂléé%d%%ﬂalfrhﬂ’ytﬂéeah ihtBigdrtiden gRSingdbdnAMIRAgS @fm the tuner

and antenna load in a specific application. [00054] If the neasurenents are
det er mi ned t ob®BImeg|offcpny E)wéhotbﬁeatﬂqnhawgs prgrenbandybe Fegrpids darkef thangp 910 to
achi eve the ippedanes @RLCRLAT ohfis)on the other hand, the measurements are
deened invalid (such as throug% the exi stence of an |nterferer) t hen the

al gori t hm canl00§plr e In #rethicaenbidipett.semnng @n &F nerfﬁele@dermgdmesmumrng state
as in step 910,;.Jn8 @l Qﬂ{sgﬁtl%ms%?ﬁ EtoPﬁl'é‘taﬁ 2 &:J“?%P?y di 1 Wedal@sgat he next

schedul ed neasurenents and again gauge t t hose neasurenents.
The al gorit hrrtd%giemi@ vdfen 8t 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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can maintain the |ast known good tuning state until valid neasurenents
allow the algorithmto continue tuning the matching network according to
t he fi gurwoabhiwmesésy. [ 00055] Met hod 900 can apply a nunbecTtafS2¢ihngrb®l ds in
determining the validity of the neasurenents and detecting the exi stence of
an interferer. For exanple, the cellular handset controller has know edge
of the power level at which it is transmtting. The Al MM al gorithm can be
disabled if the known transmt power level is below a predeterm ned
threshol d. [00056] Detected levels of interference can be used to set the
Al MM on/ of f ~ corthe Bivels Fben éx sapinatteried f dengbl powercmesasubedented inviabd. exceed
certain thres'{ho HB t.hr J‘tﬁl c and
set a5 a funch o SHPOPRET e HE e o e R A
function of tH®IR] tarq&tenfoodmteheaIpAEMM:mgagemhamreelhdldlaei Rﬁk:etlcmdmsent |y
bei ng tuned ot.h t.e vel an be
noni t or ed. Th@él“c)q?rlgetf §%Se§ gaect%édcrgﬁ Cr‘%l1 iy k‘ﬁh nlgptrwsmc} lrég) of ? Yaarlﬁgwer | evel
at which it i Henargrantrhittogis nbtfacmmaamasmermbnpoﬁmhé reﬂecttestpcecban$>e takemot Wi t hi n
aset limt \%&the desired | eve the nmeasurenments of bot ward and
e ect ed powdb SRR B HEERE SHyIP G T aOBET I st T 106
phase-based t wiplitgdedfany intchiosr (;adeemged topadaneshol@fog ek $9flecrd pdw&tbem)wRL
i nprovenents based on known tecr i ques can pbe conpared to ac nmeasur ed
RL i npr overrenf"’gl"%\‘)betrﬂeaﬁi‘_re‘ﬁﬁlgé’@“ Fhedieriaed Gt dhg e igdrerdgyet ?dgﬁﬁm
(predet er m nedscapeajh@ e RIYiieadf thdlidtdhistsatolrouAIné@is indef infeddefeu| at i ons
(usi ng known/ expect ed tuner LUT), antenna inpedance can be predicted, and
corr espondi ngF§" ditipdS-t uni ng state in which to set the tuner can be
determ ned i n@SHr [PLaRARE E¥SodR& %’sﬁr@&eﬂf%aﬁl% pBftb&led Sb@MRDadghe t uni ng
state, if the change in RL/inpedance is not within a predeterm ned
t hreshol d of & kagpettusenitnewigr kevel changes and dhan changgeeaarbeicaagaredhit t he
measur ement | 5:cican8ar AR te Ak dbeF ﬁa%g&rf corfBflefREREAIEMKRE 1 The
tuner can be restored to its |ast known or valid tuning state (such as
a default stapeyer lfﬁbﬁmcmlhlsaﬁmnh@mg@nd)@i@h ihre pize off dn interiongy Chmgg%tOcan be
limted to Ingleasg,t g enuatile ?ﬁ'dé P flicrfel & md [RRYCRE! €S-
[00059] In ty%{ecaﬁﬁlgngd;ﬁwﬁe egg ﬁ%e%se?oﬁae %%}(%é) tlrlon%ﬁﬁ é{uaﬁlggns in the
circuitry suche kbt st@tiicszmdttlhtr@&htekiqbswclaMmdl loys qaohe ovlrmrantlf the detedtasl f r om
within or without a Page of 31

change 11 po rmeasurements are not within a preset tolerance of the known

intentional change, the measurement can be determined to be degraded by an

interferer, and measurements can be deemed nvalid.

[00053] In one embodiment, tuning can be prevented if the RL detected is greater

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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cellul ar handset or other radio which could affect the validity of detected
signal s used by an adaptive tuning network. Wile nost of this

speci fi cavDan1dB3esri bes the sources of these |intati ongcaaseontiesies i ng
signals, this invention is not limted to just the consideration of such
signals. The exenplary enbodi nents can be utilized for tuning of a variable
mat chi ng network in a conmuni cati on device based on all types of
interference or undesired conditions affecting the conmuni cati on devi ce.
The exenpl ary enbodi nents can apply anonaly detection to the tuning

al gorit hm f or cabenantinthnlgstknoumgenyl tening sate uoOBHY mepsurmmenspboditeent , a | ow
pass filter c i eof t he
Friter bandw AER T Gy RE Lk Wb BLLINARLERINEE [ ShEERAEUEALAS, Poci on
due to in-phad®0syr wavlethah@)Orcah hmﬂjwomnlsargﬁéﬂr@hola’m dp@rrhinmgltizer validity
configuration the co nent.s For nce.a.low pass filter
and a 90 degrggtfhf)ﬁlg%%ms r[‘;“E)lftatralcrl d%teacnm% the }/Sfeln%eéo an mt ?%gn FB exam@oe?%orat ed into
or ot herw se cﬂmﬂaemmlsadofﬁtr@mhetsrkeoxtz]leag&ﬁ‘elie\mmemm@@nehthn id n one

enbodi nent, a,  VCO. ed that .is.runni at tw ce f uency
ond f1 ot opt Baiine SN iR YbbOR R osh il DR St ron
1000 and its Qweroetsmedhten@ﬂeﬂelquﬁﬁmy graph 1100, which are shown generally
in FIGs. 10 an pass ter LPFs an be utilized reduce or
elimnate all [q érf@F@F@S‘fﬂ? P%i‘é‘tetr ENES qap F“ﬁgﬁﬂﬁt&eﬁlh@ﬁén&gft urn | oss
magnl tude andé&ﬁropmaﬁ@;aﬁ@[b helcabd gdwie eheldtrdumii thdt REcebd certain thieshdidd _Q fit,

rp fit, rp in the anal og or dgltal domai n. Quadrature m xers can

be ut| lized t & dmhé%%eﬁeattlreﬁw%d&én bo mmetﬁadﬁtbabéﬁﬁﬁtl?wfrs Wine or
nore of the LBRGsnf@d ﬂaeveﬁr@teleénd\éﬁbu%fdn@mmm 89uck ﬁﬁ“the’%MthQQH' ation nay
be renoved. [00062} I'n one enbodi nent forward signal can be utilized
as the LO for chagacljuseepge Qrwmheb@ngawntd@s@@p@ét fxgpplecidtctedipstpirent  1000.

Thi s elin nat ?t)?wgﬂag)o@%e&nfbghoﬁlhgre& ARG Gt LA QR digag O ST gnal
Anot her advantage of this nethod 1s that transmt nodulation wll be
present on thélelp@NSII lgrrd bt Whibleit frgthubratttingn I%tlhvéqrwpfé powar datestedpeinglol mi nat ed by
the m xers. | ter can
be wi der, al Y\S)thv&nlrrtl aré? tolgﬁ?gg#t% ? &ﬂe%gguﬁghn%%ur%aﬁba?? g@ﬁ%f%qﬁff %’hbe set

| ow enough top@wértcembe)alftembthmvahntiul ation. Wen using the forward signal for
the LO, a BPF be.enmpl oyed to i er.for.mance. ttenuatln any
interferers tI[tdmgpra hh?gﬁ\%ém%:gou etraltciiwtl)tn ﬁaseb Sedftumr\llgaal tl?lxs ulgmgll-'gna% of 31
[ 00063] This mmlme@ctManpmMm@mrHaMn%mn tmm@iest:heba&mateﬂ)ms t he

transmtter or ifferent LO,.. sastadaloeLO g.,
Genorat ed_ by st eagurdtfl Pothmisnto HET pRRe B bRRL A Rk iR B

tranlsm tter. E]Q@fﬁl ﬁ]]edététnﬁﬂfﬁlrﬂpb@e[%pe}‘ﬁmb ﬂtu:i’[ﬁ@k‘:jaﬂe&&ﬁw@hﬁ%e@ﬁﬁ@ﬁ @sln% in FIG .
12, | ow pass fi LPF an be utilized In c on with power an
phase det ect OI‘%OVEEH&B%% iﬁ{ﬁoarman@tn&pefi?ﬂcefﬂhl?%egaﬁyﬁP tering out

i nterference. cdiespitRing R uRBRktatdd B wiiditoRer thyRaRedn bo d@KIiddze ofdede G
while ph2 is sweeped to maxi mze node &G. Qther conponents can be utilized

wi th enbodi netﬂactlfwhe deringd matchn Adishehapging the Sming . A he ehange Bhase

modul ator.  Thej RlapadcPib aseyigana PR dGomitiarkes HoROGER] exbct@nelemegxenpl ary
enbodi nent 1300 SROWI’I generally in FIG 13, the sweeping and conputation

descri bed wi t Perrkesisaninedthey e megsugeaienbie bpiag flegradsd by Thaniertorsamdbe t aken
from the trangmuddi@valil! TR wh@ cWest%de fd 19&&%@911 gt%a)m VARl whiigt@Rrce, the

LO can be obtained fromthe input to A, wh be nore accessible
to the tuni ng(wdmmmuﬁstame PA can pr OVI de i sol ati on fromany interferer
and provide a I t he
envel ope of t{'ldeb|0 i tu @Qﬁ%%ﬁﬂél%ﬁﬁ@?%}@géﬁ%k Anﬂgeﬂgltn gr% [erlglteéﬁ%\l@?efl

enbodi nent 14@t©ensdttmt@mm1rlatetfyrerfnecﬁb@iesm t he sweepi ng and conputation

described wt pe [ f T e, taken
fromthe for\/\g)ro(rqggaovxgnrty% %?%1 ceéeh &t (ﬁttggglcln?%%%s ughe? Cr%mr%ffect of
t he i nterf er esuchmns hbige th@shdlah; datded be mbiodoleemt sigialvefrdi-witbinpir edthautel t he
bandpass filter can be integrated, such as made fromthe same ceranc
structure. [00067] In the enbodi nents of 1200-1400, the sensed DC voltage
thru the ADC can be used to control the phi and the ph2. \Wen the phi, ph2
i's such that the DC vol tages are maxi mageth ofthen the two signals into the
m xer are deened to be in-phase. Phi can be adjusted to increase or

ot herwi se nake optimumthe forward power neasurenent. Ph2 can al so be

adj usted to increase or otherwi se nmake optimumthe refl ected power

measur enent. The power can be detected when phase di fference between the
two inputs of the mxer is zero degrees. These exenplary enbodi nents can
ensure that t he phase d| ffer ence does not contrl bute to the power

o e —— [— N 1 o o e I T



Page 16 of 31 power neasurenents have been determ ned for stable phase
error neasurenent. Alimter can renove anplitude nodul ation on a

transm t two 28i1g13357( desi red or undesired nodul ati on). TireThispe1ti®B83228N act
as a filter on forward power signal. Interfering signals may act to
increase jitter on FP clock into m xer and can generate odd harnonics. A
phase delay can be utilized in neasured RF signal path to ensure that the
phi and ph2 do not go negative. An anplifier can be utilized, but in one
enbodi nent the anplifier can be utilized for only the dynam c range

requi renents oflluldnganvisster othiy tdis ethaahcdohldwifpeisle Valitliteof detented eigedls used

1 ter out tne) AFGRTHENTR b b APRRGHY b Wity FRIMeE e REVEARS o

reflected si gnﬁﬂhescammtaeorsamuit@ﬂ:rmg snghds glasmmventioe is Malliited ® jsatipl es can al so

be utilized tg av0| ar.y enmhodi 00 shown
generally in F—‘fnﬁ gon%asﬁlcpa & Saﬁ%Llexempg%rg% ﬁ{ﬁem q?eg%l@ rﬁ‘f?”ﬁ? can be
utilized w thofa ehablednatdhimgtretworl fnea csinmileﬁi:ahomdetvare bawd obellmpeh bzed to
reduce phase error bet\/\]ﬁﬁn transdntn irrqudtre ect ed rretasu erren\E Vari ous

ot her conponeft<TEHES ORAFYSH Sedsteas alieting 1§ CHRMIPICHPLSVIES H¥uce current
drai n and/ or E)&ﬂqﬂ-ﬁydmﬂocaﬂhaﬁs cahhipplyantadi aesdtioaltd desundiyt Agoniting fdat a based
on filtered f vvarcl (L%OOGQ] I n exenpl ary enbodi nent 1600 shown
generally in ﬁmuilé S and | ow pass filter(s) (BPF and LPF) can be
utilized with F@osd]ar ﬁﬂo&@nﬁ)ysdﬁ{eﬁpls low p&s sl@rcadl belphRMRGh il tha kligaatehe

utilized to allow for phase d ifference to be deterni ned by ph2 only. Wile

not shown, a BUHEFASQUtyidG efdhe Eléﬁ*i brrdwisithy Quadtatuse raiers Gt be Wikgedip akgifle ot her
conponent s deggickiRgdn uﬁbtﬁl hasét?or&féd ah@re@lealo%?gﬁmlkerhﬁm@mnmnt 1600 can
utilize a phase-shifted romthe forward power for the reverse power.
[00070] FI G ¢onfignratien 9%?@@0rmﬁ>n@%a<‘rﬁmvery<afF0f ingfapgs. ¢ loat pasahltsandit PO i zed for
one or more Ofiedliikunitr EFRRATERL Solas Bt IRGdoRRlGbor GRS for 2

GSM EDGE device. Forward and reverse power neasurenents can be nmade at the
time periods implenentadrim thd tanserfiver sompnnerss.akcbng embodimentt hECPwarbe det ect ed
outside of th

nmeasur enent ﬁéﬁg‘*gﬁf“ﬂﬁg&% Jr?gglé%glﬁ%b@p%)gmngdjp g{&b%um |&slblgr17]’§od| nment ,
franes are 4. @D96Hs dnckesipbirsemlradirbhi 1Q35), anﬂm/emeasp@tdhgrfrmumygelphods may
al so be utili Q71] FIG 1 t n exa i m t hat can
be utilized féfdrbo\ﬁ'é grare Pt 87"t él%t@ng@aél@é @ St}ecglnﬁegrel n,
such as for auViCERYk ﬁéwe@)eelnﬁmawaﬂﬁhtafﬂﬂers emads&lem‘mwandwaiﬂurmmm can be

e 3L e RS R SR Lo Sobnd PRI

nmeasur enent mesl@ @inithgaralvg ok dghsidosain0 Quaadntiembesedbs milakd t.avpa0072] A

nunber of techni an ut i I i zed for validatin

measur enment s. C%Q@d%ﬁrﬁ%g& Lobeipedpdlasen P4 Pymp Ofﬁﬁlitpgﬁf‘@ Beet at
measur ement s oiluésh@wreﬁcfdgﬁ@@ﬂﬁmwﬁlo@ﬂa&mm{ﬁ%ewﬂbv@mlItude variations are
det ected which exceed the known envel ope nodul ation; nultiple fast

nmeasur enents 006 andnene eﬂﬁbﬁ@l@efl’efheé@f""é‘ﬂi Velied @W&Weé&ﬁm%%@r%n ations

(this method gaNQ&ARGEIn thBAeibsRAIAF cBth&t: 1106, angk detifadsshareeiméer feri ng
beat note); and nultiple fast neasurenents are taken during transm ssion,

excessi ve phad pascringt 16ro pervidsdhe e sicnile epther adspntags of Ay methpdis thet an
interferer, apd tfaﬁsrﬁlhﬁoalﬁa% Qi bIBASMUE SHRRLD §§1¥a@9ﬂ§e lﬁo&&ttloﬁ biegpel d. In

one enbodlnent when using a "one step” tuning d, which uses inpedance
measur ement t ean therebetdimindkevdurtheraizety, Widh thsg@dnlgtl@ ﬂ_mlaﬂftcdethetbh@b@mi ust ment

Within an eXpFOE&;p?{% Y S’a%*’b%'wq lﬁ%?g';f‘séf‘é ][’(gt%t ﬁeés’ﬂl% LA Sk G Pr h%&‘f&ot he

al gorithm wou en return nown goo tuning state 0073]
Addi ti onal vabg gt toy mugiotdsﬂltesmuhhmoctuﬂﬁnomgwhasesmg thp éaka@ndgznaMier thge

detectors. For ~ex rey neasurenents are ne with both
Peak and AverEzig(g)éa%H{l'9 orgm\,\% dtOI rrog%lserfogm?lﬁe raﬁ%nruatén anggrétgr? r%Sexpect ed

(modul at i on) pmajklayhnvavewmmnrtathecfomrchmg@ﬂ. t hreshol d, nmeasurenents are
deened invalid. Using Peak and Average detection on the forward m nus
reverse summed signal can cancel the transmtted nodul ati on and any

di fference should be due to interference, and thus conpared to a set
threshold for invalidity. Page 15 of 31



[00074] In exenplary enbodi nrent 1900 shown generally in FIG 19, a Costas
Loop can be utilized where the forward power is relied upon to | ock the

| ocal oscwbl2atio3365The LPF in front of the LO can be set pat/is2010m3a2ough
frequency to strip off the angle nodul ation of the TX waveform 1|n anot her
enbodinment, a filter in the forward power path and/or in the reverse power
path can be utilized. In another enbodi nent, where the | evel of the
interferer is |ow enough, no filter nay be needed. Page 18 of 31 Enbodi nent
1600 can utilize an internal LO that is phase-locked to the forward power
wi t hout the nél¥863lor Thn cexnam ambpddmePOOZEPlaRs um aflilee faoe dgbisribe

descri ptions, I (o] I SA ith ordi in the
art that the SR PR UAEahLbORR o5 MRl (G bR BT
enhanced vvlthwﬂetcte@awhichgarfbaphaidqlec@d@péthmmanspitre'rt of the clains

descri bed bel or e of an |nt r can be used to
det er m ne whe 6‘l:ewlanne %la@} ?%t?oﬁlqn{l%n aolgsgl?‘l’v{1 ﬁenefahlé’l cﬁl’{({ géﬁl’l WeS>* he tunabl e
state. For exﬁhn’(sa(LRchaﬂeie@mhmdnn odmlsimationtwathfpeiver andahadeelsigttorsiandt he devi ce

det Late based | oop..f eedback th
Closed 1 00p. 1 SLHSORO b G . G o RGFBSHr P SEBGPaNea bed

herei n can becaaﬁjefswets@d t@maﬁnﬁ&mo@en&hﬂ@fphn tseswteé@m@mamﬁze nbbé §2can i ncl ude

|ncorporat|ng particul ar co nts into the transcejver utjlizing
al ready exi st " EUPRSBAURE Tl%futf %Félwla%@éir%lﬂfb@ a%%m @

nodi fi cati ons j&adtort@d@PPphaRE mbulhtbe Me&&%ﬁd pbRChOBEMpuf@cor di ngly, the
reader is directed to the clains for fuller understandln? of the br eadt h

and scope of {10086 %Jreérémoﬂﬁr@@p@?@f@ﬂqum)méfo%h@nz@e&ébﬂ% 6.4 Bkenpl ary

di agrammatic §@&Eﬁ1§%ﬂ& %ﬂlﬁﬂa‘d@)ﬁl dBscPBEIW AErektbct €16 0MBafbe BerfRRBUt B SYstem
2000 within whic set of instructions, when executed, may cause the

machi ne to pekPsiErbalcoliem dre trpyaitier, DEPEO peveIGaRliSgites R s dessed above. |n

some embodi Mefifincd e 1IRG B'b@%gﬁﬁ’i@& FbAINERDR 15 HRPABLARE Hfl§ o Gtre | 1 SOME
enbodi nents, the machi ne e connected (e.g., using a network) to other

machi nes. In accnmhlmwhﬂjtum@glcwmnts Thﬁergmrn@dmylampeﬁrm enin the
capacity of a;Seryer n&’ ro%d‘éh' ﬁeQﬁLBS%e H%‘&Q’J&ﬁbéﬂnl&%& esrtrq? a[%ﬂh%user net wor k

environnent, or as a Inein peer-to- peer di's ut ed)
net wor k envi rmeof@@@mﬁmpdamedmamm ne may conprise a server corrput er, a

client user c ersona top
conput er, Fédp (l:noalno “ef e a@(’)nlfl dllm%n§gf?@m§hownﬁel%era ﬁ%ﬁ é’rtﬁgsw tch or

bri dge, or anywesmmlglanéc@ﬁmmbioﬁ dedcribxeeitit temgcato FeG. ufcanbspdsrfmmedehe

T b nderet B B hom AR REE e T, SRSk Rt B a Rbutd e Loe

broadly any ekf&t oot titdtfydrof thel1ad. ]Fllﬁhh‘s’bﬁlﬁ@dlM@lhtCﬁie R¥icd@ferand €dat a
i i ne is illustrated, the term

Cmehinet shaPdgs dat bk e Ny angﬁﬁfrm@élvq BB CHATTS N nes t hat
individually @oobmi ntd the 8xBEMIENtRoBEN0(1200, 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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Page 19 of 31 nmultiple sets) of instructions to performany one or nore of

t he nmet hodol ogi es di scussed herein. [00078] The conputer system 2000 may

i ncl ude awpnotessesr 2002 (e.g., a central processing uniPCT(USRM)/ 038228 aphi cs
processing unit (GPU, or both), a main nenory 2004 and a static nmenory

2006, which communi cate with each other via a bus 2008. The conputer system
2000 may further include a video display unit 2010 (e.g., a liquid crystal
display (LCD), a flat panel, a solid state display, or a cathode ray tube
(CRT)). The conputer system 2000 may i nclude an i nput device 2012 (e.g., a
keyboard), a pewgaorcaswernendd hayebianaleronipeq for gfable ghasp age)meagurdingk- dvi ve uni t

2016, a signal; te control)
and a netmorkilﬁgnﬁpace Mﬁﬁ%ﬁégﬁgx%gﬁ%gan @nggéﬂgﬂ%néﬁ%ﬁlt 2016 may
i nclude a nmac hndeelwdeadhlllﬂtlen)rréfdhﬁ lllm112ﬂ®2 aotrasmkﬁlttehon @r\sard pederomppalor m)r e sets
Of I nSt r UCt I O?n%er% g naﬁspm% act ?0 L%Or%%s) 1%[61‘ on (ch mIXGeI' 05 C%;}Pre% I'O
nethodologles or‘¥ cglons escri'b Hereln rAel 'l i'ng t*Ho& Ratofs

illustrated abdédkearmdiies.iAphaseldélayocn baﬁlﬂlfizedmymazisamdmsg@ﬁl patt}onsmlneirel y or at

| east partlall mai n nenory ,2004,. .t he static

ey or et t hon it n®b D90 8D EIREY AR Zaliftaan Bh B TR miote” comput er
system 2000. ¥hBodimem teesmplifie?édd e atililzell He dplyotiegaami2@nze I@dltﬁﬁrrféﬁfj! of
constitute nmachi ne-reada di a. 00080 Dedi cat ed har g

i npl enent at i oHS KL i‘jﬁan% %%ﬁ G i Ksggct ! terfsrﬁmqu@ %ﬁ@&. fic

integrated Ci b&ddiwidh. PROGFREENRARLBC h%'t@ﬁﬁérr@}’ﬁle%Mo@ﬁﬂé%odh&fed\é@h@l gevi ces
can |ikewi se be constructed to inplenent the nethods described herein.

Appl i cations theatM deijeins Eqrverd apd @ﬂﬁﬁﬁ%i’l&l% ancheraeP'st aiihe HMAHRS ous

embodi ment s b[\/ﬁ@{fiﬂlé’sa&ﬂb@s‘éﬁi@alﬁ’o Yealt8tdioQloighegd roni ¢ and conputer systens.
Some enbodi ments i npl ement functions in two or nore specific interconnected
har dwar e nodul®868r  Fesxcepkrigrabpdiagng 4 P shovip geieradlydn K 45 1apgdngpsand

communi cat ed Rgt @ﬁu&@? gﬁﬂrr AP b H%Qﬂﬂh%%mﬂpa[ g PRt ofiR sAfre@n
application-specific In rated circuit. %e exanpl e systemis

appl i cabl e tOHQ@WWmeeuﬂmwﬂﬁwwﬁgephw@eherMMEW@imn%mQWEh?@wk@ns [ 00081] In
accordance w S i r nmet hods
descri bed heré?ﬁmg%ggﬁnpgﬁg ghQ%?Bo efg%?%%&hs g%%?&ééghgﬁ%aﬁgﬁ%ngunnlng on
a conputer prume@smnemﬁmmnhmﬂmnt@meﬂmhnmaﬂhwwnmbénemmﬂbwwn@ama@damclude

but not |Iﬁ1tg%e$ ﬁlgIS& |buhed rocessi ng or conponent/object distributed
processing, para F Fﬁﬂ'BP 1 processing, or virtual machine

processi ng cafoas¥o lﬁee;empkat)r erticeltndno léomlhem: génetdhlg imBithadshadémey dnded
herein. [0008 The sur.e ntenpl a machi ne_r eadabl e

nmedi um cont ai ﬂ@?&i@?hb i%%g%mlg ﬁﬁtq&ﬁi ﬁgﬁ%Yv@Q‘ execut es

i nstructions a&% deta9&d dodkrcapagatiledd & gnal fosphatsmat‘felan&au be gete@iimeaiyed to a

network enviro 6 canp sen recei ve v0| vi deo. or data, and to
comuni cate o¥ Iﬁ}‘le&’g‘é‘f Wbtrs 0%22’ ?fiﬁa gﬁieﬁ%anltﬁé‘fl £ HerEsW Bl Y o

i nstructions 3Mdcompyndnty deb@ibed e RIGRNIDM & tlﬁdn@é’xaﬁ@&eéﬂilﬁﬁhrﬁéf@%(ﬁ) dagt wor k
2026 via the network interface device 2020. [Q0083] Wile the

machi ne- r eadaBi¥ergdirismhfisd 2Q o Hsiprvard l%ﬂ‘f"eéi%{rﬁl?ﬂ IeVevdichent to be a

si ngl e nedi umgoohs t@tcﬁn17m;sk}m@§am@g@ielo%ﬁﬁ&g Hica® BOMIBeDRor bRken to
include a single mediumor nultiple nedia (e.g., a centralized or

di stributed dawabddke tu@maﬁ@boda@glﬁ%:d%@@vd@a@ﬁewaﬁ@ifogéﬁﬁéﬂﬁpqugt ore the
one or nore Sepg.pf aﬂdqéJer%%B{V%eas{fﬂaﬁeﬂt?&{Hbef}%@'ame figRIeRIE iRt shal |

al so be taken to 1 nclude any nmediumt IS capable of storing or encoding
a set of instmiont ders ﬂfr@ranéi@t@uﬁitbfnpwrtiﬁect%@hv&ﬁeofahﬂjtratnhmtsm@ah@et i$ he

machine to pepf QL Mgl oRNMhe? the TREGrGhert BEAIRENQARLRILED W erhREnPLIAS EN

di scl osure.
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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[ 00084] The term "machi ne-readabl e nedi unt shall accordingly be taken to

i nclude, but not be limted to: solid-state nenories such as a nenory card
or ot her weckags3déshat houses one or nore read-only (nonPecolustelim}3eenories,
random access nenories, or other re-witable (volatile) nenories;
magnet o- opti cal or optical nmediumsuch as a disk or tape; and/or a digital
file attachnment to e-mail or other self-contained information archive or
set of archives is considered a distribution nedium equivalent to a
tangi bl e storage nedi um Accordingly, the disclosure is considered to

i nclude any oHW0dH nbke 18fillestratasn sxemplad dblig thetdhube wrlized tir oo ¢rbut i on

medi um as |1 ﬁlto?edonI%{,&ﬁlLiﬂ @x@ﬁodi&%y&'&s&%eﬁ brefr® &i%g 'A% £549 ﬁﬁHMAaheevﬁlée.s and
successor nedia, 1n I'ch e software |npﬁeﬁen ations hereln are stored.

[ 00085] Al t holiglwatthandpewesepbwsipecisticments can ldescle iabtbs time ppaes midcagdd
functions inplqﬁ%n i.n the enmbodi ments.with reference.t articul ar

st andar ds andmpr ot E)%gllféh,e PPHE" gltescgelqooélﬁlrdg Oif%sﬁlert]%{lsninlssﬁ%nt élr‘%tlsoa%gﬁec% st andar ds
and pr ot ocol sthré&shgall, tbén thhencstueanctar sisdef during fearanghisaitcantbh deenpadhedidsw t ched

network transm.ssi.on,(e.q., TCP/IP,  UDP/IP, M., .HI.TP) represent exanples
of the state OOTH" At ofl STpisiin e aizeibiya ikl s RSE T ot cal Ly
superfseded bynfemt@rengr Mﬁlam&erﬁérfts} @h%ﬁﬂe@ﬂﬂdiiﬂ@lgeﬁ% ﬁluhi@lcllei fag n&ﬁﬁﬁelﬁhdnﬁsl |y theh
same functions, Accordingly, replacenent standards an rot ocol s, having the
same functi onSf %f ée%eaﬁép%%aﬁkeﬁmw@mdw%@e%@f detpged VhigR excsed Bhs of

enbodi ment s desGid dRElofEMBIatRh EmiiiipR T thehrdicaiiol Bad nGENRLSteflected
under st andi ng of the structure of various enbodi nents, and they are not

i ntended to s¥HYe sheV amebipe riationsstys pethatraprangel the Hensertanrdstasionpry
features of apRaddiifteABGh Sl RID; didahulfbio Rk ABKEMSfs O iR adbfuct ures
descri bed herein. Many other enbodi ments will be apparent to those of skill
in the art up8AISPEOBVIXGEFSIVREhAD BUEtide et MerurcoeEte Fandieradifatenpsamy be
utilized and der. Y&danhhl%@iaqlg@%f RUShBAL obEN G U RlesRRA 1hogd cal
substitutions ancf'c‘nanges may be made WI"[?‘IOU'[ departing fromthe scope of
this di scl osurmbodingnirebenasiagal ger viar ¢inyng wpthed eticitusorabedine may not be
drawn to scal g, (RhEal ) 3h9 &g&&{'@a&ﬂﬁﬁ?%n R1PGHe ﬁl%%%%étg%egﬂmﬁ@' le

ot hers may be mnimzed. Accor ingly, the spé&cification and draw ngs are to
be regarded i aneypectbd thstshad wweldriatahdate thadumizg steps trd bt algeritbmnsmild h&0087]

Such enbodi ment s ?ofthE?%‘ ﬁn%%%ntoia/%nsnutg{aect matter may be referred to herein,
i ndi vidually SRAP & e 61 e \%e?y, ]b§ e term"invention" nmerely for

conveni ence apdovd]t haudtitiomt] ealdtitygndtioodv,ehcindsahioligh dse ot peak hed seeqge of this

application tq any single invention or inventive concept if r han one
o n Tact di Sergvear gDt A el O s R G b AR Betbin
illustrated angl dessdeiderctohanecompdréd. Ihtuleftodacagapeekpdcrd (nbatlatiny

arrangenment cal cul ated to.achi eve the sane purpose may he sybstjtuted for
the speci fic BrbOEPHEMeCRENRYRSC! RIS BEgERPES FE CPtinedds D08ver any
and al | adapt atdkQng AQEra¥y@ddi@tib®Bis thefforward Bings RIS urRNMdSignelalciatl ons of
t he above enbadi nents, and ot her enbqdi ments not specifically described

herein, will B uppaittehmnodyationgadanydidfgienqe shopld hedugte intgErencevneilithg t he
above descri ptiRphred BQQ88hredde HPFVEIRGY, Of the Disclosure is provided to
all ow the reader to quickly ascertain the nature of the technical

di scl osure. |1000&Isubhexemplriereipdiment I Pshevaaeicrdly thBIC. ilP. afestasnot  be used
to interpret ghoddfivh ylifRISHRRENORNIRABLNG iPferbPEr IR melifkaROdi LT 0N, i
the foregoing Detall ed Description, it can be seen that various features
are grouped t otgdiatasr TheLBF i fnapit ef herbOdianbasct figr lowhvaoyalirfipgsency fo tip ean i ni ng
t he di scl osur Thi 1 $¢l i ] r as
reflecting angffrﬁl%eggrﬁlglleﬁgdp %g?ﬁ){)%gé ?ﬁe‘fd %%’n@o@?ﬁgﬁlﬁ%@%ﬁ’%ﬁ%#&g eat ures
t han are expr éswhiyl peagepaiPandfor 3lthe reverse power path can be utilized. In another

embodiment, where the level of the interferer is low enough, no filter may be needed.

Page 18 of 31



recited in each claim Rather, as the followng clains reflect, inventive
subject matter lies in less than all features of a single disclosed

enbodi mrenwo 20hwis3déshe fol | owi ng cl ai ns are hereby i ncor pecatusdoiifngz22s he
Detail ed Description, with each claimstanding on its owm as a separately
claimed subject matter. It is also contenplated that features in one
enbodi nent may be utilized with features of another enbodi nent. Page 23 of
31 CLAIMS What is clained is: 1. A matching network, conprising: a
tunabl e reactance circuit configured to be coupled to at | east one of a
transmtter pEmbbdmennld08 canagibizyar ingporal LOrthayfis phagrolephedite ticifowadevi ce,
wherein the t l.e.r Lreuit 41§ adjustable to a plurality of

tuni ng stat es?%ﬁ%gtﬁg%@gﬁ%%hg{g%ﬁ%]Iﬁ(ztion of a tuning state is based on
whet her det ec{i®75i ghaim tire dsegompdesgipgions, detoatdhervedientgo beaitisanabitld and i s

pasecd on L OLIRERR O b5e L% R BBRIBr SO EmGhRE 0P

net wor k of cl adoeell, ondnBaneedwitiet dgiagmgifroat thorcopé aidwpiritwiitheglaghat e i s

performed by ges%r%gdrb% olw? rFo(r)]:exath) e, %rgg}égtiio%agf iar? ?ntcgr?e\fér%gﬁ be used to determine
whether even to perform the algorithm that determines the tunable state. For
example, the detection of an interferer can result in the device determining a tuning
state based on open-loop feedback rather than closed-loop feedback. 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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3. The matching network of claim1, wherein the tunable reactance circuit
conprises at | east one of one or nore voltage tunabl e capacitors, one or
nore semworductdsés7var act ors, one or nore m cro-el ect r oPoeaisanii®ad22syst ens
(MEMS) varactors, one or nore sem conductor sw tched capacitors, one or
nore MEMS switched capacitors, and one or nore ferroelectric capacitors.
4. The matching network of claim1, wherein the tunable reactance circuit
conprises a signal sanpling network, wherein a signal output of the signa
sanpling network has a filter coupled thereto. 5. The matchi ng network of
cl ai m 4, wher giuHipldsstss pignsituctenypd parfprmenwonkorgeapef thesethodolpget i onal

coupl er. Paged%ém%%}% o, VWO 2011/ 133657PCT/ US2011/ 033228 6. The matching
network of clarm erein the tunable reactance circuit is operable to:
change the tu[ﬂOﬁ@]st é"hecarm)u@srdys‘térmﬁwmawndn@: sppratessop 28@d e @n atchigral

information fromthe cl Ioo f eedback co kagyrqo %n when t he detected
rocestsmg ul’llt gra 1((:18 processmg unit or Oth a main 1’1’161’1’10
si gnal measur 8 scare vali d:

2004 and a static memory 2006, which communicate with each other via a bus 2008.
The computer system 2000 may further include a video display unit 2010 (e.g., a
liquid crystal display (LCD), a flat panel, a solid state display, or a cathode ray tube
(CRT)). The computer system 2000 may include an input device 2012 (e.g., a
keyboard), a cursor control device 2014 (e.g., a mouse), a disk drive unit 2016, a
signal generation device 2018 (e.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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utilize one of a last known valid tuning state or a default tuning state
when the detected signal neasurenents are invalid. 7. The matching network
of cl ai mwp 2ehier38ésn t he tunabl e reactance circuit i s opecahliseotio3xtes er m ne
the validity of the detected neasurenents based on at | east one of Voltage
St andi ng Wave Ratio (VSWR) data neasured over a period of tine, anplitude
nodul ation, a reflected input neasured during transm ssion and

non-transm ssi on, phase neasurenents outside of a standard deviation, a
conpari son of neasured and predicted transm ssion power |evel changes, and
a conparison pfocessiagar gtftiahdaghinsdireresdha caprlov bhemstrictedrte frhemen theos s
between tuning states. . 8i.1fje matching network of claimi1, wherein the
tunabl e reactance circult conprises at |east one of one or nore capacitors
wi th a tunabl 00882 edhe presanodistlesnte, coarthpbuns a(nmachlne &admhamedlmns of a fixed

capaci tance COOnntt%{II?lfl% hnstrl?éﬁoo nﬁ)ﬁ or(t)h ?w?nch recegfes an cute%cl:rtlstr%ge 0%?%65 cal
systens (I\/EI\/Bf es and one’ or sem con SWTC 9 The

mat chi ng net wibk aqfropalgaealmgnal whﬁatea dbvtcb eonnavtad toch rtew@k enshe)ndlentezm)rzed
nmeasurenents i s ca

evice generat.i nal .t

mterfores. w E ERLOGHNICERt F Bopred OSom R Pale e A5 Shed dBh o
claim1, wher aiifg ﬂlhﬁlstrﬁbtﬁ»m mmwmlnithlen@istzem fdy Me@sicar@nhisted 5r caused by
nternal it e e J5S oA s T e SO0 S8Y! ce- Page 25 of 31

[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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WO 2011/ 133657PCT/ US2011/ 033228 11. A non-transitory conputer-readabl e
storage nedium conprising conputer instructions to: determne a validity
of det ectwo 20Ha3865¢eNt S; and determ ne a tuni ng eCatus2af/oas2eat chi ng
networ k having a tunabl e reactance, the determ nation of the tuning state
bei ng based on whether the detected neasurenents are valid and being based
on information fromat | east one of an open-loop or closed-|oop feedback
configuration. 12. The storage nedium of claim 11, conprising conputer

i nstructions to change the tuning state to a different tuning state based
on the infor matricoieally sapetsédsd b dested of wors cffeactiv epkvabantsliagug asseatiellytien t he

det ect ed ”eas’s’a[n?é‘ﬁﬂétﬁm@%%cc\’rﬂingﬁ/érepﬂag’entl -l;]l??tarﬁfapc{sqg(? 1’3{%%1%‘%@ fbalm 11,

conpri sing conputer Instruct lze a I oOUS ter m ned t uni ng
state when thémdmreeteantnmwefqamahm are inval | d. 14. The storage nedi um

of claim 11, I sing. nputer ructions, det er e validity of
The' dot oot ed ANEBA: o PR EORREAES: 3l dfndhedh HhThORsh R ¥dkm ara
measur ed over agerneedl undkradndingrof the strbeturE o€ vatons algbaodimmtu andtheg hrainm 11,

(r:rggrs)[l:‘ errggt go ugg& @EQ%%%%J :(?: %qfﬂﬂgtﬁh%ﬁggtio%%?apﬁle e?ementa an&i %eaxlre%fof the detected
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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16. The storage nediumof claim 11, conprising conputer instructions to
determ ne the validity of the detected neasurenents based on a reflected

i nput | ewsb 20@8865¢d duri ng transm ssi on and non-transmPE3iusr011/033228 The
storage nedi um of claim 11, conprising conputer instructions to determ ne
the validity of the detected neasurenents based on phase neasurenents
outside of a predeterm ned deviati on. Page 26 of 31 WD

2011/ 133657PCT/ US2011/ 033228 18. The storage medi um of claim 11,
conprising conputer instructions to determne the validity of the detected
measur ement s bsgeatingachelaomBathes enthe follpmara plams sefldctp meditor eebjtat anateri ssi on
power | evel ; I i f i ng
Comput er i nst arSngef 31 GEREe Y 2LAPE TRk oo e TRk e TOMREh

measur enent s blamachre)lrera)yomquratscbmtodhe Peadut Racaptdnpweldeach eldim npr overent i n

reflected | Osgtandm Is v Sa%s% sa e%thdlmmedosrm]rect maﬁ {]']'I’t isV\'Ps% I ti;]mlt) ht%d mat chi ng
(0] age tuna capaC| tors,

net work conpri ses S e RY
one or nore sémi otk dt @rc embamteﬁwmay loeneiliaed winh £2atuies LOaitlee tmbedimehani caI
systens (MEMS) varactors, one or nore sem conductor sw tched capacitors,
one or nmore MEMS switched capacitors, and one or nore ferroelectric

capacitors. 21. A method conpri sing:
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detecting interference with a conmuni cati on device; and determning a
tuning state of a variable matching network of the conmunication device
based on wbeodetssssti on of the interference. 22. The nethoadSediiobzesn 21,
conprising determning the tuning state based on information fromat | east
one of an open-loop or closed-1oop feedback configuration of the variable
mat chi ng network. 23. The nethod of claim 21, conprising detecting the
interference based on at | east one of Voltage Standing Wave Ratio (VSWR)
data neasured over a period of time, anplitude nodul ation, a reflected
i nput nmeasur efLAIMSg transmi ssi on and non-transmi ssion, phase neasurenents
outsi de of a phedetgrmned deviation, a conparison of measured and
predicted transm ssion power |evel changes and a conparison of neasured
and predicted |rrproverrent inreflected | oss. Page 27 of 31 WD
2011/ 133657PC{{/ USZIQI & 3n32%§ orlg4 Trr}sn met hod of claim 21, conprising:
changing the tuning s ate to d?OIfIlP Ferit tuni ng state based on the
i nformation from tmmnﬂdm&edaﬂceomcﬁt&xedfn@nkd o da ogilkdab inolasibieoftahe
interference |ts no detectecfi' and : o .

ransmitter portion and 4 recetver 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.

2. The matching network of claim 1, wherein the determination of the tuning

state is performed by a controller of the communication device.

3. The matching network of claim 1, wherein the tunable reactance circuit
comprises at least one of one or more voltage tunable capacitors, one or more
semiconductor varactors, one or more micro-electro-mechanical systems (MEMS)
varactors, one or more semiconductor switched capacitors, one or more MEMS

switched capacitors, and one or more ferroelectric capacitors.
4, The matching network of claim 1, wherein the tunable reactance circuit
comprises a signal sampling network, wherein a signal output of the signal sampling

network has a filter coupled thereto.

5. The matching network of claim 4, wherein the signal sampling network

comprises a directional coupler.
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utilizing a last known valid tuning state when the interference is
detected. 25. A communication device, conprising a controller to determ ne
a tuni ng woaba/i386sa vari abl e mat chi ng network that cont polraiSenea/oss228or e
operational characteristics of at |east one of a receiver portion and a
transmtter portion of the communication device, wherein the controller is
operable to: detect an existence of an interferer; and determ ne the
tuning state based on whether the interferer exists and based on
information fromat |east one of an open-loop or closed-|oop feedback
confi guration6. 26TheThacloegmaiworsaf Plam devlicoan the tulablie ivaeBncoghienigisn t he
controller is quop le to determ ne the existence of the interferer based
0

on at |east on ol tage Standi ng Wave Ratio (VSWR) data neasured over a

peri od of time, anglangeubletunmgutagttb edjffeacnt emingetatrbasepaent thermdsmateh duri ng

transm sshon ?rnr%t 9 ¢ Bsterd— goir?egd%ac%ndonﬁ%@aﬁi%nn\ﬁl%ﬁ H{eedn%@tteg siorlf&lzﬂeg%r%%en ]
predet er mi ned deviation, comparison orf measured an Ere Icte
transm ssi on pewelid;lae¢el changes, and a conpari son of neasured and

predi cted inprovenent in reflected | .. 27. The, co ni cation device of
Ol ai m 25, wher ei n {HEe B A BT, HR Sning ity g 4 acRiul g Sk SRR | g
state to a di iéest@nigialiftddgreaicak arcimsgid. on the information fromthe

cl osed- 1 oop feedback configuration when the interferer does not exist; and
utilize a previously determ ned tuning state when the interferer does

exi st. 7. The matching network of claim 1, 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 reflected 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.

3. The matching network of claim 1, wherein the tunable reactance circuit
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 (MEMS) switches and one or more semiconductor

switches.

9. The matching network of claim 1, wherein the invalidity of the detected
measurements is caused by a mobile device generating a signal that interferes with the

communication device.
10. The matching network of claim 1, wherein the invalidity of the detected

measurements is caused by internal interference generated by the communication

device.
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28. The communi cati on device of claim25, wherein the variable matching
network conprises a voltage tunable dielectric and a directional coupler,
wher ei n twe 2diwadsvonal coupler is operably connected wpCh/us2611iosx2e8 Page
28 of 31 WD 2011/133657PCT/ US2011/ 033228 29. The communi cati on devi ce of
claim 25, wherein the variable matching network conprises at |east one of
one or nore capacitors with a tunable dielectric constant, and one or nore
capacitors of a fixed capacitance controlled by one of one or nore

m cro- el ectronechani cal systens (MEMS) swi tches and one or nore

sem conductor switches. 30. A nethod conprising: detecting interference

W th a communicat! en,feXksen, ARLELMALAS Sbinhig, LAk Q. B yArlabl e

mat chi ng net wor'k e co I on V|ce ase ar a associ at ed
wi t h the i nt embeueinoeto: and adj usting the variabl e natchlng net wor k based on

the determ ned t unc'le?cgm%r}e%tvghdny of detected measurements; 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.

12. The storage medium of claim 11, comprising computer instructions to change
the tuning state to a different tuning state based on the information from the closed-

loop feedback configuration when the detected measurements are valid.

13. The storage medium of claim 11, comprising computer instructions to utilize a

previously determined tuning state when the detected measurements are invalid.

14. The storage medium of claim 11, comprising computer instructions to
determine the validity of the detected measurements based on Voltage Standing Wave

Ratio (VSWR) data measured over a period of time.

15. The storage medium of claim 11, comprising computer instructions to

determine the validity of the detected measurements based on amplitude modulation.

16. The storage medium of claim 11, comprising computer instructions to
determine the validity of the detected measurements based on a reflected input level

measured during transmission and non-transmission.
17. The storage medium of claim 11, comprising computer instructions to

determine the validity of the detected measurements based on phase measurements

outside of a predetermined deviation.
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31. The nethod of claim 30, conprising adjusting the variable matching
networ k based on a | ast known tuning state when the interference is not
present. wB2011A38@rhod conpri si ng: det ecti ng i nt ePCerisaa/0sd2eh a
conmmruni cation device, wherein the interference is sourced by anot her

comuni cation device; and determning a tuning state of a variable matching
network of the communi cation device based on the detected interference.

33. A non-transitory conputer-readabl e storage nedium conprising conputer
instructions to: determne interference with a conmuni cati on device; and
adj ust a tuni hg stBhesstapgeanadam abdlamidt edmmigingepwonir ipftruchensgonmuni cat i on

device based gn.RafAREL Ay 372 GbALE MM shitnlRE bhddh 6h b EEARERon of

measured and predicted transmission power level changes.

19. The storage medium of claim 11, comprising computer instructions to
determine the validity of the detected measurements based on a comparison of

measured and predicted improvement in reflected loss.

20. The storage medium of claim 11, wherein the matching network comprises at
least one of one or more voltage tunable capacitors, one or more semiconductor
varactors, one or more micro-electro-mechanical systems (MEMS) varactors, one or
more semiconductor switched capacitors, one or more MEMS switched capacitors,

and one or more ferroelectric capacitors.

21. 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.

22. The method of claim 21, 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.

23. The method of claim 21, comprising detecting the interference based on at
least 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.
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34. The storage nedium of claim 33, wherein the paraneters conprise at

| east one of a frequency of occurrence, a duration, and an anplitude. Page
29 of 31 wW28011B86533657PCT/ US2011/ 033228 35. A mat chi ng Remmsek,1/08320%r i Si Ng:
a tunabl e reactance circuit configured to be coupled to at | east one of a
transmtter portion and a receiver portion of a comrunication device,
wherein the tunable reactance circuit is adjustable to a plurality of
tuning states, and wherein the determ nation of a tuning state is based on

paraneters associated wth a detected interference. Page 30 of 31
24, The method of claim 21, 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 a last known valid tuning state when the interference is detected.

25. 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, 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.

26. The communication device of claim 25, wherein the controller is operable to
determine the existence of the interferer based on at least 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.

27. The communication device of claim 25, 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.
28. The communication device of claim 25, wherein the variable matching

network comprises a voltage tunable diclectric and a directional coupler, wherein the

directional coupler is operably connected with a filter.
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29. The communication device of claim 25, 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 (MEMS) switches and one or more

semiconductor switches.

30. 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.

31. The method of claim 30, comprising adjusting the variable matching network

based on a last known tuning state when the interference is not present.

32. 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.

33. 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.

34. The storage medium of claim 33, wherein the parameters comprise at least one

of a frequency of occurrence, a duration, and an amplitude.
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35. 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.
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