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computers, personal digital assistants (PDAs), mobile phones, data terminals, data

collection devices, household appliances, and other portable and non-portable wireless
computing devices.

[0004] One family of standards developed to facilitate wireless networking is set forth
in the IEEE 802.11 standard. The original IEEE 802.11 standard provides wireless data
transfer rates of 1-2 Megabits per second (Mbps) in a 2.4-2.483 Gigahertz (GHz)
frequency band (hereafter the 2.4 GHz band). However, a number of extensions to the
original IEEE 802.11 standard have been developed in an effort to increase wireless
data transfer rates.

[0005] The IEEE 802.11b standard (sometimes referred to as 802.11 wireless fidelity or
802.11 Wi-Fi) provides 11 Mbps transmission, with a fallback to 5.5, 2.0 and 1.0 Mbps
in the 2.4 GHz band. The IEEE 802.11g standard is another extension of the JEEE
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gvate EW&chmagsumﬁd Calibration of the switchpoints is conventionally performed, in

which wireless devices are tested to define switchpoints that can be programmed into
the wireless devices. Such calibration can be very costly and time consuming,
increasing the manufacturing cost of wireless devices. Moreover, calibration to account
for temperature effects and frequency offsets is often performed based on the measured

characteristics of only a subset of the devices. These calibration concerns, as well as



characteristics of only a subset of the devices. These
calibration concerns, as well as WO 2004/ 045071
wWOeCT4$A003/ 036087 3 chal | enges i n signal streagis2003/036087
estimati on, may cause inaccuracy in swtchpoints,
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Other features, objects and advantages will become apparent from the description and

drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] FIG. 1 is a block diagram illustrating a wireless device that can implement one
or more of the techniques described herein.
[0013] FIG. 2 is a more detailed exemplary block diagram of a receiver and modem of

the wireless device depicted in FIG. 1.
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flow diagramillustrating signal processing techniques
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occurs, and are conventionally fixed at various estimated signal strengths. In the
techniques described herein, however, gain state switching does not occur at fixed
signal strengths, but is instead based on actual effects that occur in the wireless device,
such as saturation of the A/D converter. For this reason, the techniques described in this
disclosure are capable of producing switchpoints that are responsive to part-to-part
variations of different wireless devices, as well as many temperature effects without

requiring calibration of the switchpoints. By using the output of the A/D converter for



requiring calibration of the swi tchpoints. By using
the output of the A/D converter for WO 2004/045071
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card incorporated within a portable computer, a direct two-way wireless communication
device, a wireless appliance, a wireless data terminal, or the like.

[0021] As shown in FIG. 1, wireless device 10 includes an antenna 12 coupled to a
receiver 14, and a modem 16 coupled to the receiver 14. In some cases, antenna 12 may

be coupled to a duplexer (not shown), which is in turn coupled to both receiver 14 and a

transmitter (not shown) that generates the wireless signals to be transmitted from



receiver 14, and a nodem 16 coupled to the receiver

14. In sone cases, antenna 12 nmay be coupled to a
wdapl4esn7l (not shown), which is in turn coupl edCTwskwBA36087

receiver 14 and a transmtter (not shown) that

generates the wrel ess signal§ to be transmtted from
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implemented as a digital control unit of receiver 14, or a component separate from
receiver 14 and modem 16.

[0024] In an illustrative embodiment, receiver 14 receives RF waveforms via antenna
12. The received RF waveforms are modulated according to one or more wireless
protocols supported by wireless device 10. Receiver 14 conditions the received
waveform, such as by filtering and scaling the RF waveform and mixing the waveform

down to a baseband frequency. Receiver 14 may implement a zero intermediate
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recei ves RF waveforns via antenna 12. The received RF
woaveiasats are nodul ated according to one or NMBCE/US2003/036087

wirel ess protocols supported_by wi rel ess device 10.
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provide the scaled signal to mixer 24. Mixer 24 receives the RF waveform from
amplifier 22 and mixes it down to baseband. For example, mixer 24 may implement a
frequency synthesizer that utilizes a local oscillator 26 of WCD 10 as a timing
reference. Thus, mixer 24 may remove the RF carrier component of the RF waveform

to generate a baseband signal. Receiver 14 may also include additional components
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output of A/D converter 30. A/D converter 30 may receive a baseband signal and

convert the baseband signal to digital values that comprise a digital version of the
baseband signal. Gain state unit 32 may receive these digital values directly from A/D
converter 30, and select a gain state based on the digital values. Alternatively, gain state
unit 32 may receive digital values directly from digital filter 34, or another digital filter

(not shown) that filters output of A/D converter 30 specifically for gain state selection



i nstance, consistent with the current gain state.

[0030] More specifically, gain state unit 32 perforns
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converter 30. A/D converter 30 may receive a baseband
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MRS e6RRFter 30 is saturated, switches to a third gain to further reduce the gain of
amplifier 22 and/or mixer 24 if A/D converter 30 is still saturated, and so forth.

[0034] Gain state unit 32 may include logic to map A/D converter output (direct or
filtered) to a gain state, or to map the A/D converter output to gain state switching
events. Alternatively, gain state unit 32 may include one or more look-up tables (LUTSs)
to map A/D converter output (direct or filtered) to a gain state, or to map the A/D

converter output to gain state switching events. Also, gain state unit 32 may include



the strength of A/ D converter output 30. In nost

cases, however, gain state unit 32 begins at an
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gain state to reduce the gai ntOof anplifier 22 and/or

mxer 24 if A/ D converter 30 is saturated, sw tches

to athird gain to further reduce the gain of

Ipgjel dnfliog on 2r anoed DUTEtomap gdmisfate%/tﬁ)spmﬁ/cegztlﬁ of3fle tanditioning

still sat rated, and s fortgla [pgg Gajn state unit
COMPARGTES 19 F‘EEGE’GF i 8-t '9° BRP CAPD gk the gpig, pf mixer 24.
fods5ES Vs offek!nh DF'eeﬁDD EohvRrtefd 'mg} 88 RpriQfa i@bf{@pntc'aﬁvmer or

A/'D conhverter ou put to gain state swtching events.
latgee,rthatquv;mtg/w@alom lapartdegitahivaluSR Algmatinvel y deignmedata A/D
nmore | o k-u map A/ D converte

o B ot et D0-5t il Byest§ 1ETER iy bf ared: Seh a gelptgsly hich
R Qnglg SRUED cBhvetatPMAt Jufpud 3D bitSdiskA valies Sf"la[‘@r can ensure
events gain state unit 32 may include WO

Mnatemomomﬁw ¢i82003£08 60 AWittbingdyised emslfchroutmé or

OB 0 SRR 2R e bt o e

E@bbhtﬂfmg&ﬁpiﬂ dip#4l fén.aMeust feaddaion t6fusiigXes oéﬁﬂut of [0D3hverter
1%1;%6{6 of exanple, A/D converter 30 may conprise a

CN@%W&%@ state, the gpipat of AMIxeonyigetpikis plrosert to

SO o i AT L PR

1lmsyaed, iy digaal npbbs oﬁthbﬁAV]D lcativerel $0 hregfhd tcdlymapass digital

{irotis B b BAGRRY Eioinain svolifb R S orle Snfiospvoa 36

&l 1REd b en9 @ ﬁbﬁécﬁﬂ&oﬁ‘ﬁnﬁ@@'f@ﬂd&ﬁ&ﬁ@ﬂ% $6thePiRsthentations,

[ 0036] The output of A/D converter 30 conprises
mng rsitaw uniad Aneseiverndigiddrvabep oo digital Ifrlter Bhéaizanthes dlgnall filter)

[ é%{%/tg&{lgred-r(ggg% 6)if zé]ﬁgg{ﬂtl%“%? i‘?’tlh?xﬁ\g %81 tﬁe 08 tput of

An:ab@nveheﬁs@ HédaUbr Sdin AYale CRONEN Ry bBQ dn‘éctaduglﬁ.\tsﬁﬂi dig@ally
various digital conditioning conmponents is then

- Hiered ariatdin oither wamo@emagssommedﬁlﬂdﬂ@l@mg B éecawgd signal

%?eln%ﬁ] P&%%m%ﬂng 'ﬁg E%lﬁ gﬁye? Lhfhe §@01?gq9 1rfcﬁgdntégg hg 9%%)@?5%0 adapt

0 a digi vari

mmlnbm part-(d sy ardiond hed etiipptature bfEdEhaBban e ddifebetween
gx?: sent to denodulation unit 38 for denodul ation. In
AelrtionspipdhRbv eeh: 310531 IGLR L8t e unit 32 receives

097 ﬁlde 1?écp gés SHE &t 9 Al afsbls dﬁ{ co%?r F ngrnﬁﬁ‘% A&hodulation unit

at correspon ed output o
338 Df ﬁhe ldvgztat emndﬁmammgwccumbmmnmm dsbld the digitapcempdnentd/obly once

R LB GRS b T i BB e ey o
8iablREDVCRS 86, RhALRIBN a8 98 bAb®Er Wkitdl JORMBh&HS B operate until an
recei ved si gnal strength indicator (RSSI) to gain

adegtiats geiarptale hag/lesied é@lleCfﬁd}cEnﬁhhﬁg thenepeiratiom; dfi |on9 of gore digital

aRlnenb ot p Rl Bbhap Bl HBKOR) bPSeE Ry pnsepygpover
s @bicbdkﬁi‘itbdmlélﬁin\fﬁei’gnal@ iR Ste et dd@piatel Bt @idéfoned.

[0038] Furthermore, in some implementations, wireless device 10 may incorporate

multiple antennas. In that case, gain state unit 32 may also be used select an antenna in
order to improve signal reception. For example, a different antenna may be selected
depending on the output of A/D converter 30 (direct or filtered). Like the gains of

conditioning components of receiver 14, the selected antenna may affect signal strength
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and send control signals to amplifier 22 and mixer 24 consistent with the different gain

state. For example, if the output of A/D converter 30 is at or greater than an upper
threshold, then gain state unit 32 may select a different gain state to reduce gain at
amplifier 22 and/or mixer 24. Similarly, if the output of A/D converter 30 is at or below
a lower threshold, then gain state unit 32 may select a different gain state to increase

gain at amplifier 22 and/or mixer 24.
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to increase the strength of A/D converter output 30.
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AkST 24 By soppe impdgreantationergapustate unit32onawieciude 1@gr ¢igcuitry or a
E@'ﬁ“lfﬁﬁtn?a%‘s tlIehélﬁpLR P ATD Tl Tl ter 30 directly to specific gains of the
conditioning components of receiver 14. In that case, the gain states associated with the
different gains of the conditioning components of receiver 14 would be implicit in the
presence of discrete gain switching.

[0046] The techniques described herein may provide a number of advantages to a

wireless device. In general, the implementation of discrete gain states may improve

and/or simplify the wireless device by avoiding or simplifying analog closed-loop



continue with gain state adjustnents until an

appropriate gain state is defined that does not cause
weabaroasayon of A/ D converter 30 (or otherw se eaugs2003/036087

out put of A/D converter 30 (direct or filtered) to

exceed an upper threshold or Fall bel ow a | over

threshol d). [0045] As nentioned, gain state unit 32

may include logic circuitry and/ or one or nore

butoknatip gialebetsol ( Mbrsgverr,alisagte Aaid seeiveantgesatlyimplifytsiznal

state to map, the A/D_ converter tput to
8%43“%}1%&@ ‘t‘l%F%@EIS%%Y]PEMPW%MWP@@?‘P PHesignad
y(gﬁdm(;}g pdnefude logic circuitry and/or one or
nor e sto map gain states to specific gains of the
4] In altiitog:, osing tha:eﬁﬂ)scmﬂventﬁamltmﬂ forlghin stalg. se]bbtﬁ)rg(alnrprowde
of a lifier, 22 and | n _of

s didhRaticniEedRt IR ooy oty T the tefuR s egerived
Héréﬁll'ﬂr& b36dOthe Relatidfhip KebwiBREc iRl Seap Powe arﬁ/ ng states
converter 30 directly to specific gains of
dvradiicalbradiestc it sareaMeselfdcty wck aw@nnpbnatunemfﬂewator pars¢q-part

al n-st at es oci at ed i fferent
SRR CE R BT TaCERAh BRI ol cihyerth 53108 Bpfifianine
toraporhis, ih oifpRit oPthe $EDCen Adrted AT kel Rt Sabdichambdsc Mdeerdingly,
[ 0046] The techni ques described herein may provide a
Hting e AP capyettarayeat for ggin th@ &fleeiongaysaseWitchpoints to be
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swicldngngeonrs. si npl i fyi ng anal og cl osed- I oop V\D
ﬁ@%ﬁ 45071 PCT/ US2003/ 036087 13 a { omati c

S0, RFEBRAT VarfioRT eANePefrArrdechios vithaHt r@ﬂ@&pgyallbratlon
§f mkd {pMm%s! aPale oufRREf e QD EQ)nbé’rtér‘?g%‘dV@% tRRERIE XL as at

fiers, mxers and/or other sign
s:awnatlom on p}mge t:mapwaimrt),stheri 00y rent rgamobdate r:ambe seddcragl tb heduce

B, AN L i Tl S G ERBRR £t e

githednt WRihGate tdn BehelebRa MO ituRse SA8C I BRIMahRE Bl afiaBb® in
used, the relationship between Feceived signal power

BHELQBITharslog eoadiipning commopents pad tespsratire\eiierta oh éhose
ggalfr-l?&{eﬁtsscﬁﬁ B%g‘itolén%{awnag{yze%cgétﬁnt%{e fo? %CS udd th@a gputt ?f I%grAt/D converter

I ons era ure errects cause

clivmpeewith theaneffeats. danddition)the geedcorganiind sn RESEfod teiirpose of
of, the D converLsgr wil] reflect these changes.

A stats Sedeyion mgyjaksg berR¥OlEED converter output for gain
gfogbfsvﬁﬁb&%&ﬁ e o&mlhgaﬁme@; Sighfls Bfa wﬂx{ém&me have

switchpoints referring Yo esti Mk si gna
beemalegtriied as beihg uhplgmentedumhadwsm tEﬂalm‘p@e badwes. 1mplementat10ns

0048 .SO t t O- riat ons can b count
iy vt T o BRiAone PR ¢ Rl el BrocSiipt Bl etippion
§preifRUhteplated cidchR (AS12)C 9 M¥RI PrEralnn ROV Re k) (FPeiY), ¢
(such as at saturation, or close to saturation), then

programmastiplogimdavias spesifisally Hesignsrldwerdsgire eompenests, one or more

state machines, or any combination thereof. In addition, one or more of the techniques
described herein may be partially or wholly executed in software. In that case, a
computer readable medium may store or otherwise comprise computer readable
instructions that can be executed by a wireless device to carry out one of more of the
techniques described above. Various other modifications may be made without
departing from the spirit and scope of this disclosure. Accordingly, these and other

embodiments are within the scope of the following claims.



gain. On the other hand, if the output of the A/D

converter is below a threshold, then a different gain
webteai4@48an be sel ected to increase gain. In thPET/US2003/036087

manner, variations in part-to-part anal og

condi ti oni ng conponents and tknperature effects on

those conponents can be autonmatically accounted for

because the output of the A/D converter changes with

ChaddMS®ffects. In addition, the need to cal cul ate an

RSSI for the purpose of gain state selection may al so

be avoi ded. [0049] Various techniques for processing

YV' rel e%]g%ﬂhgﬁ%ﬁ hﬁn L Wi rel ess device have been
e

descri el hg I'Tipl emented in har dwar e. Exanpl e
hardmam&mnmmiewenkmﬂﬁgmﬁ may i ncl ude i npl enmentations
wWthin a i.t al r ocessor

nopl i caprbichitptnervirioss shasglERehonh gamsterg Ay egin sgte being one

Bf £b et PO BETBE | o8indRAtEs R EaMiidHh#Yhe sfgnalr 09r anmabl e

logl ¢ device, spécifically desi gned hardware
Corrponeﬂm\e&rtmgﬂae oondiored sggnat © adigitdlivebie; and any
combi nat.i n Eer eof nore of the
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whol |y executed in software. In that case, a conputer
readabl e medi um may store or otherw se conprise
donput dihe methpdnfelaimnls further coMBritiAgGt can be execut ed

by 2 Wich&l 65 HEYHARERCITY oL afNS) Pud By B alllfy to-digital

technlques % riou
oadeftesg ahd ons may be nmade wit hout departing fron1the
spirit i scl osure._ Accor

d f
these afacterbs saig ﬁﬁt@aﬁ?%ﬁg% a3, PP qfﬁﬁﬁaalﬁ%%g goc%l ifalgonverter,
i3 ulfh bPWeEal6k 3 Misital R ORA/ RO afESeh \»@3&03/ 036087
14 Al Ms: 1. met

conprising: receiving a
wi rel ess signal; conditioning the wirel ess signal

ased a gai ate, .the gain.state being one of a
1uralﬁ&?ngﬁuﬁﬂ§§$%¥gléﬂgﬁ:g?%?%@ $or conditioning the
si gnal cogRimyey the BEndifiéncdqidial 10aRE digfthDVtdhe &@ngﬁarﬂérﬁﬂldgado digital
val ue; and selecting the gain state based on th

@FPIg’lel:tall andzf digital filtefadmet hod of claim 1, further
COMDY | Sk SREYEA 00 0 QLI BF AR M
Pog-To-digrta ter,

di gital an anal 0g- conve

asitered, ﬁibtﬁlf@ed <bu-tp1gajf theSdnalog-toakigichl oonRteObidipg theafigitdd &alue.
analog-to-digital converter, the output of the
anal og-to-digital converter being the digital val ue.

3. The TiRtLRitbOft thidl Ivwhherdi d18&in g S Rih $taR%based on the output of
the analog-to-digital converter includes selecting a different gain state to reduce gain
when the output of the analog-to-digital converter indicates saturation of the analog-to-

digital converter.

5. The method of claim 2, wherein selecting the gain state based on the output of
the analog-to-digital converter includes selecting a different gain state to reduce gain

when the output of the analog-to-digital converter is above a threshold.

6. The method of claim 2, wherein selecting the gain state based on the output of
the analog-to-digital converter includes selecting a different gain state to increase gain

when the output of the analog-to-digital converter is below a threshold.



converting the conditioned signal to the digital value

usi ng an anal og-to-digital converter and a digital
woizbimaso7and sel ecting the gain state based onrPar/us2003/036087

filtered output of the analog-to-digital converter,

the filtered output of the and¥og-to-digital converter

being the digital value. 4. The nethod of claim 2,

wherein selecting the gain state based on the output

of the anal og-to-digital converter includes selecting

g different gajn state to reduce gain_when the output

f the 14§ 519%804 of dnigt 1-arhesein gandidenipg thevaireless signal includes

S RaPs S5 R ok Bl i QU sl rgT R scating

basddnole teheetiogigpintstaté. t he anal og-to-digital

converter includes selecting a different gain state to

reduce gain when the output of the anal og to di gi tal

gONVer fge nhdh PO Gaith 1, WiRSdR Ondiffonid; ﬂle gnaﬁlnefuﬁés

2, wherein selecting the gain state ase

ammpl tthedxﬂlreltmlgm&ﬂmg;tkydo tagpbriad, timomethod ﬁn‘then cd)m;iesmg defining

q% @g ba alnigéate %E increase gain

h 6ﬂfﬂﬁt 8? Wh SHSFEY 8B S Yi tal converter is
belom1a t hreshol d. WD 2004/ 045071 PCT/ US2003/ 036087

15 7. The nethod of claim1, wherein conditioning the
\RA r el eddheanaihed of gleimbidke methal ifwigher sempiisiag esaligoningthe

e‘g?él %baw tcl}]% &Q&E{igél[}%tageef' ning a gain for the
sca I'ng ase e se Ing gain state. 8. The
met hod of claim 1 wher ein conditioning the wrel ess

iégnal ncl udes = m xi nght he wirel ess signal direct

basdB&mFheef Geithbdhe wethed g spmaiiHge a@fdlmrngg th digital
gah@aﬁ@aerﬁmlm 'tﬂgal B eeralgl&?vﬁﬁéect ed gain state.

The nethod o the” met hod further
corrprl sing conditioning the wireless si gnal based on

ﬁﬂe selectegﬁ$$ln state. .10. The nethod of claim]1,
e met hBYCFST I9Y45e OGBSI ng condi tioning the digital

val ue anecetrmahd kel ved a RIS E‘i%hﬁl' Anedndiighd @k Mﬁhéé? signal

11. Awreless device conprising: a receiver that
based ion egain siptecthe gainsiaimbging ave efomplutalionef dikeretpigainl tages for

§5§H@¢nnb§§%¥g$pta gain state, the gain state being

one o y of discrete gain states for

condi t iaf ﬁhﬂlg&&ﬁlg&ﬂagétﬂivert@fto 2B POhE GortiiGbed|signal to a digital
converter to convert the conditioned signal to a

M?ﬁ%ﬁﬁﬁ val ue; and a gain state unit to select the

gai n Sta%‘aﬁl A8 Gflit 28 skt it g&l{'ﬁ stk babld on an output of the

analog-to-digital converter.

12. The wireless device of claim 11, further comprising a digital filter to filter the
output of the analog-to-digital converter, wherein the gain state unit selects the gain

state based on a filtered output of the analog-to-digital converter.

13. The wireless device of claim 11, further comprising a modem that demodulates

the digital value, wherein the gain state unit is a digital component of the modem.

14. The wireless device of claim 11, wherein the modem includes the

analog-to-digital converter.



anal og-to-digital converter. 12. The wrel ess device

of claim1l, further conprising a digital filter to
woibd4mmsa7he out put of the anal og-to-digital ceavastm®s/n36087

wherein the gain state unit selects the gain state

based on a filtered output ofl& he anal og-to-digital

converter. 13. The wirel ess device of claim 11,

further conprising a nodemthat denodul ates the

digital value, wherein the gain state unit is a

g%gltal conpaonent of the nmpdem 14. The wirel ess
vi ce Tdre wirgeshdgyice ghelain 31 e e i priaglsdes be

%%?A converter. WD 2004/ 045071
%}% 8@%6%%%%% 16 15. The wirel ess device of claim
11 wher ei n the recei ver includes the
Iog 0 onverte 6. Tevvlreless devi ce

~ cl ait h?ﬂfe 3?‘@? qi Q i o311 Stale uai selegth e gain
Qﬁﬂe %ase?it(ﬁ‘lttﬁe Qﬁt?ﬁgoﬂﬂe Ellﬁﬁog)kg @i‘éitaleonVa?er by select]p}g a d1fferent gain
anal og-to-di gi converter by selectinga diftreren
gfatiero restued gait whee thecantpatiofi thehemalogite-digitab aoneitet imélcates
anal o al verter indicates saturation of
f%‘gaté%b?fotae?]gal B’ ﬁ’ﬁl‘q EVEIEer. 17. The wirel ess
device of claim 11, wherein the gain state unit

selects the gain state based on the output of the
&hal ogThe wariegqss deviewph@aipetl, pxhesdn thetgapystate ynft Seleetp the gain

&Qﬂe%aseﬁto%ttgl élﬁttpgfgf{ﬁga {)%tomﬁlgﬂalb&?w@ljﬂer%&hel%&ﬁr%ﬁ Sdlfffffnt gain

-to conver res
Jihte t(Wtddﬁbee gain Gheh tlee @ftpwtl ofiittia ahdlogwbealigital coivertghisbove a
gﬁshe unit selects the gain state based on the out put
analog to-digital converter by selecting a
different gain state to increase gain when the output
of the anal og-to-digital converter is below a
18r eshdhed wirek8s ddhee oli alginekk vdevdit eheqfaircstate mmit ]i¢leCtS the gain

er e rec d|t| s the wir Iess .
B G AR o'ahe S ndiERalata vtk PU R RS € rent eain
SRS iréRiabe %ﬁﬁ MR tike ERbt of e antaﬁ% DCAbikd1 GoPRERHisHRlow a
the selected gain state. 20. The wrel ess devi ce of

Bireshedd11, wherein the receiver conditions the wireless
signal by mxing the wireless signal directly to
baseband, wherein the gain state unit defines a gain

Aar t hehewiiehgs badedofiaitthEl, SlefSH G r8édi ver SbadiBonsdhe wireless
The wirel ess device of claim11l, wherein the receiver

samrliby iselipethe wirlcss dgral, andgrhareip saseenin Haicrimitdlsfiaes agpin for
BRisPaI R Haod Gtthe SelbGEE bYR stEOMPr i Si N

20. The wireless device of claim 11, wherein the receiver conditions the wireless
signal by mixing the wireless signal directly to baseband, wherein the gain state unit

defines a gain for the mixing based on the selected gain state.

21. The wireless device of claim 11, wherein the receiver conditions the wireless

signal based on the selected gain state.

22. A receiver comprising:

circuitry that receives a wireless signal;



circuitry that receives a wreless signal; W

2004/ 045071 PCT/ US2003/ 036087 17 circuitry that
woandiousoons t he wirel ess signal based on a sel eCTa82B636087

of a plurality of discrete gain states; an

anal og-to-digital converter; &hd a control unit to

sel ect the gain state based on an output of the

anal og-to-digital converter. 23. The receiver of

cl ai m 22&cuidyahaticondikiensihe ouiteldsy sighaltbas@néh 4 bddged B of a

mL%éleS? .signal_includes an anplifier. 24. The

PEERILY O diserelq SARSOISS; wherein the circuitry that

condi ti ks L | includes a mxer. 25.

The reggﬁégﬁgg?%%?%#ﬁ1 ﬁﬁaaﬁerein the nixer nixes the

Wi r el esscontrghadit whiselect thy gaih Gtateaisasbd bal an 36tpui bitthe analog-to-digital

recei ver of claim22, wherein the control unit selects

ALY n state based on the output of the

anal og-to-digital converter by selecting a different

gain state to reduce gain when the output of the

Aal og-hereldedver af cloom2ar wiarein ok cistuitsy that congitioms thef wireless

gheal.aglaéo\gl\]a—?t 0- qi %ital converter. 27. The receiver of

SR HNGBIS AW he control unit selects the gain
state based on the output of the anal og-to-digital
converter by selecti ngaa different gain state to

eéduce Thgirecoires of elabn 824 wheareipfthe ¢iecudinntheycanditifingitheawireless
[ ve a threshold. 28. The receiver of
SRR Gles B

I'n the control unit selects the gain
state based on the output of the anal og-to-digital
ggnver r gé/.sel cting a different gain state to _
Fircr eadeedeiehV ShRERlath &4otRssein they miNeE mixnes) the wirsleas geral directly
EPPasehdngr 1S below a threshold. 29. An apparatus
conprising: an anal og-to-digital converter; and a
control unit to select a gain state of a wirel ess

ut, of. the anala 0- di

vi ce based. on ou .g- i tal
Lo 008 45323 BB 38 ah B thscrulal B BeRkes 18 £y state based
SR erea Rt AF Ui ib10eLB1dRiAD corlveitb IS st QMRE laHiffie gain state to
digital filter to filter the output of "the

wearogain s g eUtpw ek theranalog-tatségital nonvesterindicates satniation of the
S i ' tate of the wreless device based

gﬁél(géiq'?léggle%%gé&?%‘ut of the anal og-to-digital

converter.

27. The receiver of claim 22, wherein the control unit selects the gain state based

on the output of the analog-to-digital converter by selecting a different gain state to

reduce gain when the output of the analog-to-digital converter is above a threshold.

28. The receiver of claim 22, wherein the control unit selects the gain state based
on the output of the analog-to-digital converter by selecting a different gain state to

increase gain when the output of the analog-to-digital converter is below a threshold.

29. An apparatus comprising:
an analog-to-digital converter; and
a control unit to select a gain state of a wireless device based on an output of

the analog-to-digital converter.



31. The apparatus of claim?29, wherein the contro

unit selects the gain state of the wreless device
woased4mi11t he out put of the anal og-to-digital eomusedsn3cs?

by selecting a different gain state to reduce gain

when the output of the anal og% o-digital converter

i ndi cates saturation of the anal og-to-digital

converter. 32. The apparatus of claim 29, wherein the

8@nt r olThyappars@b 6Claint D% fedhd? coinptisingh difitl fiWer ©lfEES the output

devi ce based on the output of the anal og-to-digital

eidh enaleg-toydisie] camveiiay. wherginfthe peol yait Relseta the gain state of the

a
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claim 29, wherein the control unit selects the gain

gtate of the wreless- device based on the output

f
he andhsgreraays gf ?laqm 2yrhersi theRpntral wnit $e.1fg=tsathe gain state of the
AP 182008, B by bBE SR8 SO SR, LhE bithng.
dififleesslb ghid. sta@elto nédlmts\gamewhmﬂpe bsﬁpugof tire amalog-au-digital converter
cndtlonln S silgn based on a gain state,
Ar5is tuga[t’gpé’f% ]g’géﬂéh%?a?%\mﬁ’leﬁ%l ity of discrete
gain states for conditioning the signal; neans for

converting the conditioned signal to a d|g|tal val ue;

¥hd  ndhagppasatus ef deim AY vilieeciy thercontral @1b@é@és the gainetate of the

\gllrgfe%saée n@g br?é%dn (2 he oufpugs t'hg %&ﬁff)%g g.lgg’gaf qnve %ltbsres'électmg a

d‘ﬂﬁi@fdﬂlt gaﬂhfseltéfﬁﬂﬁﬁucfe(gralrﬁxeheﬁﬂhb Batpuher e bital6-6-8ighals@@verter is

on the digital value selects the gain state based on

abopve 2ithreghipldi gi t al val ue. 36. The device of claim 34,

wherein the nmeans for conditioning includes neans for

m xi ng the wirel ess signal. W 2004/ 045071

$ZCT / USZ06 2pp3 68 3t cldien 39, whehsn devionarobinitdedéces tAE gain state of the
i.n the neans for xi ng incl Udgli neans f or

?ﬁrﬁ eﬁsgget Vi RS e outnyhal the apgleg e digial cpnugisTpy sslecting a

Eﬁb@réﬁ@ghlﬁ%ﬁé t&h@ﬂeﬁ@e%m WhE! Bk BulplBofMBaRSalbLfo-digital converter is
condi tioning includes nmeans for scaling the w reles

bilgwal threglgoldA conput er readabl e nmedi um conpri si ng
conmput er executable instructions that when executed
in a wreless device cause the wirel ess device to:
select a gain state to condition a received wrel ess
signal, the gain state being one of a plurality of
di screte gain states for conditioning the signal; and

spl ect paqdid fc%&fﬂ?fsir%ai n state based on a digital
val ue, %e di gita al ue being

means for conditioning a wireless signal based on a gain state, the gain state
being one of a plurality of discrete gain states for conditioning the signal;

means for converting the conditioned signal to a digital value; and

means for selecting the gain state based on the digital value.

35. The device of claim 34, further comprising means for filtering the digital
value, wherein the means for selecting the gain state based on the digital value selects

the gain state based on a filtered digital value.

36. The device of claim 34, wherein the means for conditioning includes means

for mixing the wireless signal.



generated by an anal og-to-digital converter that
recei ves the conditioned signal as input. 40. The
woaousn71r eadabl e medi um of cl ai m 39, the di gPCaluS2003/036087
val ue being a filtered dlgltal value, the filtered
di gital val ue being generatedfby an anal og-to-digital
converter that receives the conditioned signal as
input and a digital filter that filters the output -of
the anal og-to-digital converter. 41. The conputer
adabl e medj um of claim 39, wherein the instructions
en Skedgyise obelaize 3¢ meherfin é Begneas faenixingdasludes means for
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saturation of the analog-to-digital converter. 42. ,
e conput.er abl e nedium of claim 39, wherein the
ggst r u éﬁ%lcaﬁgﬁal%%e’meéﬁn éhgmeansifer eondisiontg igelyflesaneans

8 {itgfient gain state based on the
h?glfg@ghigpﬁggiééreduce gain when the digital value

is above a threshold. 43. The conputer readable nedi um

I 39, .wh th t ti ons when ut ed
e O El Sl S pE e ConRbes Pracaibla ingctions
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when the digital value is below a threshold.
select a gain state to condition a received wireless signal, the gain state being

one of a plurality of discrete gain states for conditioning the signal; and
select a different gain state based on a digital value, the digital value being

generated by an analog-to-digital converter that receives the conditioned signal as input.

40. The computer readable medium of claim 39, the digital value being a filtered
digital value, the filtered digital value being generated by an analog-to-digital converter
that receives the conditioned signal as input and a digital filter that filters the output of

the analog-to-digital converter.

41. The computer readable medium of claim 39, wherein the instructions when
executed cause the wireless device to select the different gain state based on the digital
value to reduce gain when the digital value indicates saturation of the analog-to-digital

converter.

42. The computer readable medium of claim 39, wherein the instructions when
executed cause the wireless device to select the different gain state based on the digital

value to reduce gain when the digital value is above a threshold.

43. The computer readable medium of claim 39, wherein the instructions when
executed cause the wireless device to select the different gain state based on the digital

value to increase gain when the digital value is below a threshold.



