5.5 and 11.0 Mops transm ssion. Co

T

27 Qctober 2006 1 DI G TAL ‘AUTOMATI C GAIN CONTROL FIELD [dbE&gtobgr 2006
di sclosure relates to wireless comuni cation and, nore particularly, to
wirel ess: 1 ocal area network (W.AN) systens. BACKGROUND [0002] Wreless
net wor ks al | ow conputing devices to sharle information and resources via
wi rel ess comuni cati ons. Exanples of conputing devices used in wirel ess
networ ks i nclude | aptop or e sonal digital assistants
(PDAs), nobile phones suchg%zgég%ugﬁ%ﬁlg{;adé&?gt(gq%rgsﬁ%nes and satellite
radi ot el ephones, data termnals, dat % ﬁil | ection devices, personal digital
assi stants (PDAs) and :ot her portable i hon- portabl e conputing devices.
One broad frgni o L ' t wor ki ng
is set for t[ﬁﬁ?i&ﬂ;fﬁid%%%%ﬁ%%%&ﬁ%ﬁgﬁgﬁﬁgggﬁﬁ% 112&%?;%1 g‘?‘ﬁg‘fb""w? EEIEE‘?}%%%Q% st-andard
provi des davizelessdost ercametvesk (WLAN) sytgmbi t s per second (Mops) in a
2.4-2.483 G gahertz (GHz) frequency band (hereafter the 2.4 GHz band).
However, a nunber of extensions to the original |EEE 802.11 standard have
been developed in an to increase galktRowSkpr rates. effort’ [0003] The
| EEE 802.1 | b standard (sonetines referred to as 802.11 wireless fidelity or
802. 11 W - HP902]sWanglesxnatvieikgnllow computiEréevaas ta shage tfictaragion Aad repewvésdes 11
Mops ~ transpi s%ie%g ‘(’vm thia tfoal I g%cx to PCOS “ﬁf 0 anld S1.% Nb?zs& in the 2.4 Gz
band. The I'BEE 2 wn AR - UL ﬂ].nP]Ff%esI%? gs&e‘bﬁggg %Hf t ]l?%syi ng ( BPSK)
for 1.0 Mopsthé:dke siohs®kilgiop amhsmﬂép@mFum, phresenl afpithl askiephRGPDARHK) for 2.0,
' ! enentary CQ(Te keyi ng (CCK) techni ques
>, al so erfpPlERhongs suckees gedbular radiotelepheney apd ﬁ%ela&ﬁaé\@@lw%pws, edannel

03521kl SRS 88 et Wy OIS (2

standard. afdeohffioitaBe2ohpuiingsdevitdar Onebidadfenilpof siagiandd develegediocy di vi si on
mul ti pl exi .. OF in the 2.4 freque to prqvide dat
transm ssi E}f?}mg{atq %@SWWBTW 18 %‘égrth 1‘%#8 ?ﬁéﬁggggéswgm t l_a“ﬁaa?&ﬂgﬁ S0

provi des bagkitegds ICRRRAR drbvid¥d &gﬁ'a 88%fet Tes 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 fo the original IEEE 802.11 standard have been developed in an
effort to increase data transfer rates. | ,

[0003] The IEEE 802.11b standa;'d (sometimes referred to as 802,11 wireless fidelity or
802.11 Wi-Fi) is an extension of the IREE 802.11 standard that provides 11 Mbps _
transmission (with a fallback to 5.5, 2.0 and 1.0 Mbps) in the 2.4 GHz band. The 1EEE -
802.11b standard utilizes binary phase shift keying (BPSK) for 1.0 Mbps transmission
and quadratlire phase shift keyingk(QPSK) for2.0,5.5and 11.0 Mbps”transmjssion.

- Complementary code keying (CCK) techniques are also employed by IEEE 802.11b in
order to achieve multi-channel operation in the 2.4 GHz band for the 5.0 and 11.0 Mbps

© transmission rates. ' ‘

-[0004] The IEEE 802.11g standard is another extension of the IEEE 802.11 standard. .

The IEEE 802.11g standard utilizes orthogonal frequency division multiplexing

. (OFDM) in the 24 GHz frequéncy band to provide data transmission at rates up to 54
Mbps The IEEE 802.11g standard also provides backwards capability with 802.11b
networks. The IEEE 802.11a standard is an extension of IEEE 802.11 standard that
utilizes OFDM in a 5 GHz frequency band to provide data transmission at rates up to 54

Mbps. These and other wireless networks have been developéd. Additional extensions



net works. The | EEE 802. 11la standard is an extension of |EEE 802.11 standard
that wutilizes OFDMin a 5 GHz frequency band to provide ddt Qctobgrs?0G on
at rates up to 54 Mops. These and other wirel ess netwrks have been
devel oped. Additi onal extensions 27 Cctgber 2006 2 to the | EEE 802. 11,
standard, as well as other W.AN standards will likely energe in the future.
[ 0005] Wreless networks may contain one or nore access points that
interface toithdJEER 8e2.2% standmd,ci wellrasdihive WIbAKstandade 9411 fikelntemengyin ahes 0
interface wirelessly with other access points to extend the geographi cal
size of th&™ifrel ess network. In addition, wireless routers may be used in
wireless gmhw.%&reﬁéggﬂgﬁfo?ﬁsfﬂl htdif Yhé BOmb Eés@@éints%ét‘]hi&;f%@wi% reless
setting. Sonetimes, both wreless routers and access points are used

t oget her twirtlpssana/areliatd netlgrks.aAgeesspoiatsanay aiet intarfacewurlessiyrevith. oth«€#006]

W rel ess communi cation deyjices that suppo wireless networking standards
Ty al 50 SHBBOTHOEE e Bl G R SPARHP QTS B a5 Jarts. commonty
used for ypkR& z%ﬁf&@'ﬂﬂag Bt LS wﬂ&?—csh’Hé%r@ﬂ%ﬁbﬁ@&dt@fbtﬁih@@ﬁ'ﬁéti@ﬁs may be

based on one or nore of a variety of nodulation techniques, such as
f requency withinshowineless seiling. Sramstignes( fRphm)seless nantats sdsicoessipoints peasatcess

(TDMA) ,  and vari.o spre pectrumtechni ques:. One common spread spectrum
t echni que %§8t§¢‘itﬁ%sﬁf?§|f§@§v@%ﬁ£%ew %1 -egﬁfr?rgneél ide division nultiple
access ( COUdDGEWIRMss eBAHuaidaBth ddvices GhalvBupptid Wirdlb® nEQVoIkiMzGRhIAAS are
sinul taneously transmtted over a spread spectrumradio frequency (RF)
si gnal . Ot ey 2lap FEPROSLORETANIIEAEAUON Stapdardsnsuphgs spdardycoratoahit usedden at i on
techni qpesv?igé)%orﬁéﬁﬂﬂh@qx}]seﬁ i %Xi%%@gﬁnﬁﬁﬁaﬁdﬁ %Pda?@s%%%&ﬁwﬁ&’%’&@&d FDMA -
nmodul ati on t'eehni ques. ese techniques are also used in other systemns )
rel ated tomGEMfaysirensof moddlattinrtgchnhmeDEsc 80RequrdcyREHEsibAGultylktaeass whi ch ™
oper ate at lz and .1.9 Gz, resp ively. [0007] A, VWD that receives a
CDMA 'si gnq@@ﬁﬁiﬁﬂﬁa’?@?ﬁ@l P %ﬂc‘?ssﬁﬁ%)srazd & ‘E@I‘_j ?WHPWHU on signal,
‘typically tcﬂﬁﬂiﬂﬁlfvé CheV@md @r&@'s@e&fﬂ?& tebhfiud Yéetin wiBMbdoige @i N that is
adj ustabl e“via“a control signal. The process of adjusting the gain of a VGA
using a coeembnisitinreis code dinision multipletashess (CDYoA rsignahmodilati . To
fact |1 ot copAPROHMsd OfnRln Bl B8 Ble'SiluRhlBRly Wahdhifll VRL YRl

spectrum radio frequency (RF) signal. Other wireless communication systems may use

different modulation techniques. For example, GSM systems use a combination of

TDMA and FDMA modulation techniques. These teckniques are also used in other
fystems related to GSM systeins, inc]uding the DCS1800 and PCS1900 syStems, which
wc;;graté at 1.8 GHz and 1.9 GHz, respectively. _ | ,

{0007] A WCD that receives a CDMA signal, an IEEE 802.11 signal, or other

modulated information signal, typically includés a variable gain amplifier (YGA)

having a gain that is adjustable via a control signal. The procéss of adjusting the gain of
a VGA using a éontrol signal is known as automatic gain control (AGC). To facilitate
demodlﬂation of a received signal with an improved signal-to-noise ratio, AGC can be
used fo hold the average power of the baseband signal close to a desired set point.

- Some variable gain amplifiers function in the digital realm. In that case, the digital
variable gain amplifier (DVGA) scales digital samples that coaeépopd to a baseband

signal.



sused-to hold the average power of the baseband signal ctose“to a desired set— -
point. Sonme variable gain anplifiers function in the digit ( t hat
case, the digital variable gain anplifier (DVGA) scales dlfzg‘gﬁbggr%gpgs
that correspond to a baseband signal. 27 COctober 2006 3 SUMMARY [0008] In
one enbodi ment, a wireless comunicatiog device incorporates a digital
vari able gain anplifier (DVGA) that has™an inproved architecture. The DVGA
may include a nultiplier to multiply an Mbit baseband sanple by an N-bit
gain factor to generate a product having M:N bits. The DVGA nay al so
~include a shift register to shift ghe M bit baseband sanmple by N bits to
generate a shifted val ue havi ng M+N [AR¥he DvGA may al so include a bit

D15 of a CHUSPREIAAEReR s YR RN Flick StRlporfeSHIRRH 11 Duca

can be providshde gan amgbfiad &G A bthatimistanfimpraledacthitedtiven ThBYD ¥E Aimayng
truncation: OE he %Ngbit proc{uct tg,»match éhe bi{) Siﬁfe of .t he baseband
sanpl e, an¥CdrREPLsite prHEply AR MrREbesrvand snlebhn N-bif e fA5t9Rd0 ch the MEN
bit size ofefdhge RLAMEL haviRENL- AR 9fe ?f\{éﬂ?{l@%ﬁ% nARADE s&i ceflo I D

particular, the i nput anplitude for snal: s may converge to a desired
| evel nor eslgfishe M-hit basapadedmple IVGhits ktnganeratha stified iloshofing Me-Ndrisduct  of

' the i nput §J nd the .gain factaor are rounded or truncated. -[0009] In
anot her en‘%g?ﬁé oy E‘)\ﬁorlg%@g%ag& Tt eme iaBé’um&Bﬁé‘ﬂg‘gﬁ‘ﬁ E’g?f’t"’ﬁtrrati c

galn contr @'sulbh!ét bf MAt1 BRIASES Q5n Af ﬂié‘ﬁ:@éddc?&ﬁdth@fshihé‘éeﬁﬁé‘.dTﬁé‘Gﬂlb@t%ﬁH@' )

accunul ates differences between the neasured power |evels and a set point.

The wi r el ePVGAsawbapwaidedo adonedulpggn witlr dempdidation. Byvoiding adj usts a
garn factoc,_ f tl .0f Lh ai.l on ) he adjusted gain
- PRetor o ek NS piCHoblE SR 82 A0 ARRAEEiYs 304

- di f f er encesnstyad shiCtaitié dbh@banddehpls By Miitsad pasch the\B+Qbif sizé atthe fprodule
architecture can avoid caonversions of. the power_ level differences prior to

accumul at | 8eomnegpkthe s can he enhapped. damarticulagihe,mpyt appliteiieter small1 0]

Various e 'gl;,%, FYedB 4 ARIETRN 'nSP% fiuar e, or
any conbi ggfﬁlﬂ%)]n't nggéf’rg %dddtlﬁgtg#ronal Eﬁg?%i S fél#ly‘@%r??ag%g{ enbo |Sr%érﬁs are set
forth in t e bised depmoguat gf theanpui giznalnmhdithe gale factdrpre mwondel avirunCethér

features,

?(5)(;0%? &1? al%r%lgiﬂ:l_' embodiment, a wireless communication device includes an automatic |
gain control unit that measures a power level of baseband samples and accumulates
differences between the measured power levels and a set point. The wireless
communication device may also include a DVGA that adjusts a gain factor as a function

~ of the accurnulation and applies the adjusted gain factor to scale the baseband samples.
Because measured power level differences are accumulated, and used to adjust the gain

- factor, the architecture can avoid ¢onversions of the power level differences prior to

accumulation. In this manner, the architecture can be simplified.

[0010] Various embodiments may be implemented in software, hardware, firmware, or
any combination thereof. Additional details of various embodiments are set forth in the
-accompanying drawings and the description below. Other features, objects and
advantages will become apparent from the description and drawings, and from the

claims.



advantages w || becone apparent fromthe description and draw ngs, and from
the clainms. 27 Cctober 2006 4 BRI EF DESCRI PTI ON OF THE BRANLNGS, ] '
FIG 1 is a block diagramillustrating a wreless conmunication systemin
which wreless comunication devices (WCDs) can inplenment one or nore of
the techniques described herein. [0012] FIG 2 is a block di agram of a WCD
depicted in FIG 1. [0013] FIG 3 is a block diagramof a receiver and nodem

of the WCD depicted i _ 4] F | S’ di agram of the
dirgital variable gai nnﬁﬁﬁﬁﬂ?@c Né@!&ﬁhﬂ% 3, being. controlled
by an automatic gain control (AGC) unit. [0015] FIG 5 is a nore detailed-

bl ock diagram of the DVGA coupled to the AGC unit. [0Q16] FIG 6 is another
exenpl ar y [0}1d¢ K1Gi laigr‘clé:mmdi@grw@&l&mﬁpgedmedﬁsanomnmtl@n sysfe@ObAVhieh G 7 is

)0 0 QA LA R S SRR SO R P

di scl osuraegjﬁs,gdhaeﬁ a wirel ess communi cati on device (V\CD) configured to
perform vari ous mfglnal proce55| ngI] t asks associated with wireless

communi caff¥a] Fi kdiagpmyol agWigD} dapicied indfHAuii cati on devi ce (WCD)
| udi bl
gai - anpt 0 ﬁ‘??v&&)%@%‘a‘%“‘glﬁﬂ%f%m e R oa BRI Wi Beflalt by 1L 001 2,

inproved architecture. In particular, the architecture of the DVGA and AGC

unit may be si ified and_  inpraoved specifically for handing. signals
modul at ed [%é%g@ rfyisidlerkfipgpead thiodighrlvargble epinramnlifies (R NCAQ depigteds t he

| EEE 802. Ly fdeasnﬂahgg A0k hy T WERSSS aHbaNpiee) aakn control (ACQ) to

mai ntai n e nagnit baseba es at ose to a desired | evel
to facili {@01s] ﬁ@fn‘iiulaanomrdetuiled bloek viegrans nga[DsVGﬂtdmuphdltmmem unit.

Sl B % oo RSE S eSS £ TR By B B,

rather thagormwd 78 low BiABRA iRGrAhE Mﬂﬁ&heﬁfdg%chhﬂ;&ﬁﬁaﬁ%m an out put

si gnal .

implemented in a WCD.

| DETAILED DESCRIPTION
[0018] In general, this disclosure describes a wireless communication device (WCD)
confi gured to perform various signal proéessing tasks associated with wireless -
commumcatmn More specifically, a wireless communication device (W CDh) mcludmg
,Mha w1reless receiver and a modem may incorporate a digital vanable gain amplifier
” (DVGA) and an automatic gain control (AGC) unit that have an improved architecture.
In particular, the architecture of the DVGA and AGC unit may be simplified and

improved specifically for handing signals modulated according to a wireless networking’
standard such as one 6f the IEEE 802.11 standards
[0019] The WCD uses automatic gain control (AGC) to maintain the magnitude of
baseband samples at or close to a desired level to facilitate demodu_lation' of received
signals with an impréved signalfto—nbise ratio. According to 'Jarious embodiments, all

of the bits of the product of an input baseband sample and a gain factor can be used
rather than rounding or truncating the product prior to exfracting an output signal.

g Because all of the bits of thé product may be used in extracting the 6utput signal, AGC

performance may be improved. In particular, the input amplitude for small signals may



Because all of the bits of 'the product way bé used ii extracting the output
signal, AGC performance may be inproved. In particular, byeQcfdhdr 2008 i t ude
for small signals may 27 Cctober 2006 5 converge to a desired | evel nore
snoothly conpared to DVGAs in which the bits of the “product of the input
signal and the gain factor are rounded a@r truncated. [0020] In addition, the
AGC unit may accunul ate differences between power estimates of baseband
sanpl es and a set point w.thout performng translations on the differences.
The accunulcahedgdiof 4 duseateselaaoreBmootdyicdmpaaet 1wIdDVGAS igaihichfthe bioy ofche t he

DVGA. In this majn t he rchltecture can be sinplified, avoiding the need
to access [PERARIGHC tg‘bl@é‘tm&? éﬁdgﬁgaﬁﬁaﬂ%“ﬁéﬁwegﬁanﬁé‘f% accunul ating the
power esti IFa§RR T bOBA, & QGCluﬂlfsty Q&cﬂg}ﬁ éﬂéﬂv?& dwild e@infe£! €SS

communi cation system 2 including a number o WI re ess communi cati on devi ces

10A- 10C, caif bebandsdamnpiesfand raesdt pmnt wishont pefessngomslatiooaon te diferemes. 10.

Wreless ¢ ni cat.i on Vi ces ) .10 ..may be.a orta o] ting
devi ce com?]f%‘a’dmll%tag&% FRCEHF eelgsgdfqud‘}wﬁ}er&jun%\é@ﬁ %&ﬁ@%ﬁng& ®, for
exanpl e, aggaki aR é?éhxi%@fu&@@n%e%@ﬁﬁh‘ﬁ&f aRREIn e kel fo AcctéNdoM tibles

Maci nt oshTM ~Uni'x, or Linux environnent, a péersonal digital assistant (PDA)

based on talifer EsMaINg pwm@e@@ acqumgilating4 epcpwaﬁtsnmgtes.yst em envi ronnent s
f | d d bi |
Fadi ot ol ephOAAHIG 1 AN sipBan ARG b TR PP EE S e el . o

Wi rel ess dahdudigg hQﬁﬁlb@xrbfd«ﬁifﬂ@@,coﬁﬁhdnﬁtiaﬁbxﬁlﬂéwi@sqiﬁ)&.—l(ﬁl coBEMREN eRA

appliance for the home environment, a wireless server, and the |ike. [0022]
WCDs 10 corifrahiialess eopuRumipationsyicey 16.nWiscless eamsmeniention davides (W %é?n 2 vi a

“rel ess shﬁé}pﬂ o EbiE Qg{nﬁﬁ{nﬁ%&\)ﬁé&éﬁgseﬁ 'tcggﬁabért%)lrelés nQL@Jo%:lﬁﬁé' Bleh

1@“'may accor S pr col suc e“pro ocol

defined by davisk h&ly%&Sfor e:eatm@te}q dgkban gattble eorgputemmﬁxghﬂewmaadﬁmds in
the | EEE 802.11 fam ly of standards. Wreless signals 8 n&g be sent to and

from t he r d4privtosh/¥, Womsonloinky epyirenimest pewesd digitil assistant ( Ahblasmdsn The

o ea. net viorks PAR N isBER it SRl Bpcikity St Gofippient dermell pebe * ' 0%
I nternet. [&O?eéa ofbihef @ﬁraneyseaah&rsua% 4 BB faliotQBshoRE, AORRraMERS 10 wi thin

system 2 may be configured to. squort one or nore voi ce conmmuni cation
st andar ds. tﬁgmm@naamirelesmaéa tgrminal, a wireless data collection device, an Internet kiosk, a

network-ready appliance for the home environment, a wireless server, and the like,

, [0022] WCDs 10 communicate with one another in wireless communication systcm 2
via wireless mgnals 8A-8D (hereafter wireless signals 8). In particular, WCDs 10 may
* communicate accordlnv to a wireless protocol such as the protocol deﬁned bya wueless
networking standard, e.g., one of the standards in the IEEE 802.11 family of standards.
?) Wireléss signals 8 may be sent to and from the respective WCDs 10 by wireless access
| points 11A and 11B. The access points 11 may have wired connections to a network
14, such as a local area network, a wide area network, or a global network such as the
Intemet.
| [0023] Alternatively or additionally, one or more WCDs 10 within system 2 may be
configured to support one or more voice communication standards. For example, one or
more base stations 4 may communicate voice data 9 to WCD 10A via voice
communication:techniques such as CDMA techniques, FDMA techniques, TDMA
techniques, various combined techniques, and the like. For example, a WCD 10 may be
désigned to support one or more CDMA .standérds such as (1) the "TIA/EIA-95-B
Mobile Station-Base Station Compaﬁbility Standard for Dual-Mode Wideband Spread



nore base stations 4 may comruni cate voice data 9 to WCD 10A vi a voi ce
conmmuni cat i ont echni ques such as CDMA t echni ques, FDVA tech ue

t echni ques, various conbi ned techni ques, and the |ike. Fori]%z%ﬁfﬁbér%ﬁw 10
may be designed to support one or nore CDMA standards such as (1) the =
"TIAEI A-95-B Mbbile Station-Base Statisgon Conpatibility.Standard for

Dual - Mode W deband Spread 27 COctober 2006 6 Spectrum Cel lul ar Systent (the
| S-95 standar d), &2 the "TI A El A-98- C Recommended M ni num St.andard for
Dual - Node WP 1)%‘11@ Spelths rPTardards (20Bisi TIEA/EANS-GrRecommendad og

standard), Gener ation
Partnership ro‘}%?ttﬁﬁi?%@ég ﬁg%l Xbagd%ﬁgggggéwgocune g § ncl udi ng
' (D;)ﬁune\r;& N&auo?G(tgéSISZd—)QS thﬂldar?ﬁ(ﬂ)ﬁhé&aﬁdhi?d oi?c?ed’ By ﬂﬁoﬁﬂaﬁuummdm?@’ﬁﬁ 25. 31?3 |
e st andar e, ar e onsortium nane r
Gener at i on UeBgRHAR %‘i‘eﬁshﬂ? f‘&?ﬁt %Cﬁq)g@‘g?‘?b%%f %’?&P%@Oquﬁwatsgw Hre
docunent s i Hangdard qf ] . Spr ead
Spectrum S%l{eghr?ghﬂw?sh§&ﬁ§%%%1g@?'r§Qgg??_gg;g? ?Lageérilldg@glgggg?@ﬁg St .andard

for cdma2008-Cpvidastarisiaed)t (40 theSyatdardsofferediroa ¢dmsoitilnbiR:l 'Col/A2OG8tidd gh Rate

AR Ve e Rl T R e T

Air Interf %831&9%1’3:@14 Siahdaed fordAphal600 SRR Febilm S%t%ﬂﬂartﬁ'é"c BOo&?sdﬁl tion,
WCDs 10 may Dbe designed to support other standards, such as the GSM

standard o IUHPGJ? h@)@d Yen a)a$k$931111£ Sfandarchfor DU 200 raeed Spesirare Systemalidar ds.

GSM systems @ f ech ues.

WCDs 10 nay a @ W ﬁ%&lg t?}%g%ﬁﬁa% %@e{nﬁg‘gﬁj&[%gﬁf%q% R]{hgl litate
denodul at i QIDMIAQBO(D gaﬁdw@p(ﬁaﬁem@s@mﬂocummeamn TIMERNES-gS6gnal - t o- noi se_
ratio, and possi bla/ a reduced nunber of bit a WCD 10 includes a digital

vari abl e gafPMAp H@hl{.@/@gkehggﬁan@r Ept“gfgﬂcﬁ SP%I@C#@“&@}Q@ BNROWER an
aut omati ¢ %?ahﬁardgoﬂltzfaﬁmfnp‘%]?ygé aﬁrﬁ Sleﬁé-%ﬁﬂ jo thRhdis WY, e used to
aseban ose

mai ntai n t he-average ower o 0 a desired val ue.
More parti (thd Gswstaﬁdaed #Gelateal dtaraiards AP, memt)eﬁdl’ﬁ&mmandaﬂhel of

baseband s es out put DVGA. ne | s can be
conmpar ed Wi éﬁt@*’%\?’@ﬂpé?la\%ﬂ“ﬁ’é“mﬁoné’fmm é?‘?%bmg ne?drvﬁ\%uonrt PEYEht s t he
desired si W@bsﬁ@%ﬁy alsh 5@Fpotd ARG DM &d TOMAf SLRAKES between the

[0024] To facilitate demodulation of areceived 802.11b signal wzth an improved swnal-

A

_F-to~no1sc ratio, and possibly a reduced number of bits, a WCD 10 includes a digital

. ' :._r_,variable gain amplifier (DVGA) having a gain that is adjustable via an automatic gain
.tl-control (AGC) unit. For example, the AGC un1t may be used to maintain the average
‘,power of baseband samples close toa desn‘ed value. More particularly, the AGC unit of |

WCD 10 measures the power level of baseband samples output by the DVGA. The

“measured pow_ei' levels can be compared with a reference value, i.e., a set point, that
represents the glesired signal power. Em‘of signals, i.e., differences between the
meésurf:d power and the set point, can be generated as a result of these comparisons and
accumulated. The accumulation of differences between the set point and the measured
power levels can then be used to adjust the gain of the DVGA so that the power level of
‘baseband samp]es output by the DVGA approach the set point. |
[0025] In order to facilitate convergence of small si ignals to the set pomt the DVGA in
WCD 10 implements a technique in which all of the bits of the product of an input
signal and a gain factor are available for extracting an output signai. Because all of the

bits of the product may be used in extracting the output signal, the input amplitude for a



‘neasured power and the set point, ¢can be& geneérated as a resutt of these I

conparisons and accunul ated. The accunul ation of differengep&ighepenoghe
set point and the nmeasured “power |evels can then be used to adj-ust the-gain
of the DVGA so that the power |evel of baseband sanples output by the DVGA
approach the set point. [0025] In order sto facilitate convergence of small
signals to the set point, the DVGA in 10 inplenents a technique in
which all of the bits of the product of an input signal and a gain factor
are avai | abmmallsghakbotnvages o dniredilepeitmsde gimabthl Phaa ifsiae aits ofthe ploductift s of

the product, nay be used in extracting the qutput signal, the input anplitude
for a 27 Oé?edﬁé?t andﬁhggmnfégpwg eyl ,Obggnqagc desired | evel nore
smoot hl'y 1 Iiggpel 'AILd) BeliusStHRIAGONRLPRHED 18faccithfaled Blbr & fRGmiRe gain
factor vverg rgt“mded Sr IJtruncat ed.n [00026] Alagg, ggaglgert e@é‘é tffnin%tgof WCD
10 accunul af pswen; trensigiogs at eortvatsiong ofithictrgeasuied powe signals carsthestvomled. or
conversi ong, of the neasured errot signals can be.avqi ded. . Thus, the

accunul at ed PRoRS TR HROWER R PSR fle 9 froPnetle of the
DVGA. In t BGRBMA @is nlahferath Rtdhaedtiie@ak 8B shifplFiedPavoldigsihe 3ed @i dgeskhe need
to access | ookup tables _a?t_er estimating power and before accunul ating the
power est i Aeakap tablesgdey pstimnatingpomst anddpeiete ageumplatingthe pawexestiplotesy WCD 10.

As shown, inel n_ant enna_20 0,a fecei , a nodem
( modul at or X@%%&?g%’rﬁuﬂg@(%gﬁup ‘?&&%&?ﬁ%&g}c@?&@v Aﬁf{"?,‘?%‘)ggﬁéf bus 29 and’
anal og tr angdkides iaf Anlehie2@Bdoupisitoa receditl 22) a 16ddm Zdhod@lEpl/dembduifrol) 6t he
receiver 22 and_the nodem 26.. Control unit 24 may form part of: nodem 26,

but is ill ¢oepled Eufhe sisaivar &F yiarssraldumgP ipad egalog ansgrwsionlanss’L, atht enna 20 may
be~goupl ed Bf?tug uﬂﬂ@ltt%ﬁg}ieé Mot?%éﬁvmz%ﬁ'tﬁe nBderh 96N C%Bﬁ&lu%ﬂ F4GnRpt N
reediver 22°and a transmtter not - shown) that generates the w reless

si gnal s t o faen part efvandldn 26, Hut dail nkteatdfGopafatelFfor sgnplieityc It yomdwnsesyer , t he

dupl exer and transm tter re not illustrated. 028]. Recei ver 22 y
Condit i on- EoteBRERY BiY BRSPS 1ot AIPIens (it OB, BRCh e REOEP R4 RRL | gnal
to a basebagdifef 89URDE Yran MIAELED %%?Ega@ é&fé&‘é’c&r the WiRes§8ighAgto Raseband

signal to digital sanples, processes I gital sanples, "and perforns
denodul at i ¢ransmoittestfroatthef\eDellt dthw dingjdicity. hawevii, shekiupddxes endetranstiétterer m nmodem
refers to a_ cqn oneetdl or collection of conmponents that can perform

nodul at i on 2" tr&Fl on, or '

[0028] Receiver 22 may condition a received analog signal and downconverf the

'_'received RF signal to a baseband frequency, whereas modém 26 converts the analog |

%Paseband signal to digital samples, procesées the digital samples, and perfdrms
‘demodulation to extract the encoded data. In this disclosure, the term modem refets to a
component or collection of components that can perform modulation, demodulation, or

both modulation and demodulation.

[0029] Receiver 22 receives wireless RF signals, such as signals modulated according -
to a modulation scheme used for wireless networking, such as the BPSK or QPSK
modulation schemes typically implemented by devices compliant with the JEEE
802.11b wireless networking standard or the OFDM modulation scheme typically
implemented by devices éompliant with the TEEE 802.11g or IEEE 802.11a wireless
networking standards. The received information may take the form of data packets
encoded according to the modulation scheme used. Dividing the data into packets has
several advantages including enabling the sending device to resend only those

individual packets that may be Jost or corrupted during transmission.



Q both nodul ati on and denodul ati on. [0029] Receiver 22 receives wirel ess RF
signal s, such as signals nodul ated according to a nodul atjon schene used "
for wirel ess networking, such as the BPSK or QPSK nodul at2739‘-‘§@h@ﬁ@906
typically inplenented by devices conpliant with the TEEE 802.1 |b wirel éss-
net wor ki ng standard or the OFDM nodul at§ on scheme typically - inplenmented by
devices conpliant with the | EEE 802. 118 or | EEE 802.1 |la wreless

net wor ki ng standards. The received informati on may take the form of data
packet s e[ﬁﬁMHeWirabss)mjiNngcsttypitﬂibr apetitd Echuinsorerendsed]-adinewtidggd t he dat a

t kets h | ' ing ing th ndi ng d
Lo recond BHIgoRAREet R el FaaRee P e Pactotses r vt e
during tragssmhistitiipacke A&Erﬁﬂ?%éke@@ﬁ@y Be nbMOFREd W WELE iPa RALMEY JfS

typically operate according to a resend-until-acknow edged protocol in
whi ch the tpa@ﬂd@cf@reéhf@DrHk,@mwmpmsqa)amﬁmcknowbﬁgeme@@hmoi thelgagket.r ecei pt of

Li et bof GRS TEB e gereeniDek 5 et SR Bl e Ra st pBH o7 ¢ e

packet . 'Fi@gjg@tgs may be received at any time, and are usually tenporally
separated from ot her ackets. [0031] Receiver 22 receives RF waveforns via
ant enna zdﬂﬁéﬂoﬁl@nengrﬁ rachivesrBEurayefosms viaghéanaa g9 agcording & themaiplationdi t i ons

the recei V& | t n o scal | wavef orm and
m Xi ng t he’ g/a gﬁﬁg“tc%go}dgg) @er% ‘é?%v v %}93 %%% £% zero

i nter medi adegling me myve(fm nd Mjxidy BB iviaReforheiowh thb@a'ﬂ:aJﬁch ERecoRYLIDI M i s

m xed, direct| y I nto a baseband S|f(gnal w thout first being mxed to an

~ inter medi ey R amévfcfyzem myergiediala fregpgacit @@Wﬂﬁ@hlt‘é{é@fém peighild ow, however,
~are not W@E\%?&ﬁ{ L:él H?r%]&f\} ihid ASEShahl si ét%@ﬁ)g n?g%%tgea\‘lpal so be

used in |nplenen ons ng one -or sec I ons: rior to
m xi ng t hem&ngaahtecfmmeﬁ@ (mpmhdl‘l(estednﬁqm desfribed bdobvohase\eharﬂmm

conversi on proce rec 22 may scal e the RF waveform according to a
sel ect ed ‘Ef’ﬁ%sse‘flﬁémﬁ’lt‘iﬂ@% E%Fnﬁj%lp TIHODS QU TRAYAISA \A@%Sﬁ‘%}‘ deternine i f the
gain state—1 Jgeﬁagaﬁ@l@ggvma@qegpﬁgoﬁqpqemsor nmore signal s to receiver 22 to
reduce or* ust the gain state, if

{0032] Prior to mixing the 31gnal down to baseband (sometime referred to as the down

conversion process), receiver 22 may scale the RF waveform according to a selected
one of a plurality of gain states. Modem 26 may determine if the gain' state is too large
~and may send one or more signals to recetver 22 to reduce or adjust the gain state, if
' ;-necessary Once the gmn state is properly defined, modem 26 may perform residual
gmn adjustments on baseband samples using a dlgxtal voltage gain amplifier DVGA).
,The gain of the DVGA is determined by an autormnatic gain control (AGC) unit.
: [003_3] For TEEE 802.11b wireless networks, receiver 22 generates baseband signals for

I- and Q- components of the RF signal as is well known in the art. The I- component
refers to the inéphase component of the complex waveform, whereas the Q- component
refers to the quadrature-phase compc;nent of the complex waveform. In both cases,

_ receiver 22 passes the baseband signal for the respective I- or Q- components of the
complex waveform to modem 26 for demodulation. For example, I- and Q- baseband
signals can be sent from receiver 22 to modem 26 via analog transmission line 31.
Within modem 26, the I and Q- components are sampled by an analog-to-digital
converter. At that point, each of the I- and‘ Q- baseband signals may take the form of a

stream of 10-bit samples. Control unit 24 may send commands to receiver 22 and



‘necessary. Once thé §ain state i§ propérly defined, fodem26 may perform -

residual gain adjustments on baseband sanpl es using a di @7 @ctgBki 20069ai n
anplifier (DVGY). The gain of the DVGA is determ ned.by an automatic gain

~control (AGC) unit. [0033] ' For |EEE 802.1 I b wirel ess networks, receiver 22

gener at es baseband signals for |- and conponents of the RF signal as is
well known in the art. The I- conponent ™ refers to the in-phase conponent of
the conpl ex waveform whereas the Q conponent refers to the '

quadr at ur enpliese2Comeansithe plocétmead iy xeivelpichétmin keindhplewasedons, recei ver
22 passes the liaseband signal for the respective |- or Q conponents of the
conpl ex wa¥eREH it iBHRTPB 6O BdegEA®dul ati on. For exanple, 1- and Q

baseband 0 NodAN 20 fed Htbrdok AL TRIGANRK ifBlenb e A eth Q1RO

transm ssion | ine em 26, onents are sanpl ed
by an anal ofthedigicfitticaprodwo nf/ar input. sightal tindhs ggpoifmttor azaevnilebletfuexkractanyd Q

baseband signals may take the formof a strea 10-bit sanples. Control
i ¢ 24 gt SOt BN b BEL b MR aRHA o Pk EBB L SEORRIRS B 26 ¢ 0
control t h§igﬁﬁﬁ%ﬁ§ﬁ%‘s’ﬁﬁit95’f pdveer! S6QH ME0hiRRE 'tk .imlkr/gvé SiBrdriRk GRS | OnS,
control unit 24 for part” of nodem 26. [ 0034] dem 26 may i ncorporate a
DVAA t hat OpharmadtAGE vndcprnvidusg aceeptatile berédrinanef intpiecebiing bastbande product of
an input sign an in factor are available for extractin an-out put
lgnal " vodERpss Aty Puorkte g b pifelesd HeBRng iR isnd O A Pe R LEEH, D

si gnal s hagopdiuninisd9f power. Such techni ques can inprove the architecture

of the DVGA and AGC unit, providing acceptable performance in processing -
baseband $8035] &8Gndina bledidiagremriinsiepting im gigpics feisld opeinplemetigiaredndar d such

s™pne of : ‘ r 035].. . b j.agram
“Ustrati %%C%ll‘Jr? %}5 gg‘?}’g%d %’ép g#c?rpgégeggﬁ% vgnré% é‘ﬁgznngéylgcgl@dree%:g@gsétgﬂeg’gjtcoupl ed
to nodem 262 tha ssdrenhie seleqed giei staid foRprocessingdf aae@ived patlat.e Gainistate Bt t hat
stores the _se]ected gain state for processing of a received pat?‘ket. Gai n

state unit 3289 SKPPPIERAY P With thickigheshetin stafeinirgmde engyst Masthalawash or der
to ensure ?B%r &.igﬂac_]_é ENES! detRBIBhaPHARd. 988 1151@5 gcf;?%ﬁgf &i@&e@@g&essed- The

I npl ement ation o I screte gain tates can si | and 1 npro WCD 10 by

_avoi di ng t lstateserd singplify and improvs WAITAIL0 &y aybidimrihe vegdl faucmnamies ayalog control .

closed-loop automatic gain control,
[0036] Amplifier 33 scalés a received RF waveform according to the current gain state
and provides the scaled signal to mixer 34. Mixér 34 receives the RF signal from
' amplifier 33 and mixes it down o I- and Q- baseband sigﬁals (sometimes referred to as
the downconversion process). .For example, mixer 34 may implement a frequency
synthesizer that utilizes a local oscillator (1.O) of WCD 10 as a timing reference. Thus,
TA) mixer 34 may remove the RF carrier component of the received RF signal to generate
- the baseband signals associated with the received packet. As desired, receiver 22 may
also include additional components such as various filters, and the like.
| [0037] Coarse DC removal unit 36 stofes values indicative of an estimated DC offset
associated with the received baseband signal. In this manner, coarse DC removal unit
36 can quickly remove DC from the baseband signal associated with the received packet
within‘the time constraints imposed by certain WLAN standards. In particular, coarse
DC removal unit 36 may store DC offset values associated with each of the gain states.
In that case, coarse DC removal unit 36 may select the appropriate DC offset value

according to the gain state identified by gain state unit 32 in order to remove the

appropriate amount of DC from the baseband signal.



[ 0036] Amplifier 33 scales a received RF waveform according to the current.
gain state and provides the scaled signal to nixer 34. MX20d0ober2806es
the RF signal from anplifier 33 and mxes it down to |- and Q “baseband
signals (sonetines referred to as the %ﬁv\nconvery on process). For exanpl e,
mxer 34 may inplenment a frequency n]t esi zer that utilizes a | ocal
oscillator (LO of WD 10 as a ti m'ng reference. Thus, m xer 34 nay renobve

the RF car[(038] a¢ePenes DOerhdiRl 18i€ 86 Kerretfoved 908 oftRt BEMEbaeBand he baseband
signal s associated wi'th the received packet. As desired, receiver 22 may

al so i ncl utignglgdhe basebandsignplsrenbe senti ¢hmadem 26 ifondentadnlasion, Farekamiple. | i ke.

[ 0037] Co tare yes Lndi,gat i ve of an_estimted DC
of f set agg%éag% égﬁ %I‘L‘ zﬁngﬂ) erseegitgﬁrg %%f%gandmgde L)ﬁ Vg %nag?ﬁtganﬁgxﬁﬁmp coar se
DC renoval litkB1, R%lmm@hkﬂﬁi@lim%ﬁ‘ﬂa@ealma‘ddm eﬂh@ge&@sbp&rsénalwsab ‘
associated wth the received packet wthin the tinme constraints inposed by

certai n WASCadingharessiver 22 sk ppdam 2p maysashsmcludea seiad pys interface 36, 3y store
DC of f set tﬁailayﬁfa[té‘aétgﬁja?n‘ﬁgsﬂﬁ Mk[r @rgﬁ ﬁ s he gain states. In that case,
nit e

coarse DC renobva appropriate DC of fset val ue

-~ accordi ng [0@30hTpgairetebfing the I{badtQ-fbaeebahgt sigails, sodeire26100ived? tHersignatier to

renove the propriate anmoynt of DC from fhe ba eban gnal .. 27 Cct ober
2006 10 [E&b%glﬁﬂﬂrf?%ﬁes%aé&ogzx E&?%déﬁﬁ%aﬂlgéﬁﬁf?as P’gng%%tﬂauﬁc of fset in

the baseba&galo%{(g&a t8h (Mﬁ?c&ﬁéﬁ%aﬁig&ﬁ%‘r@ce?@d& aﬁQlo%‘BQéebfaﬁ’d L@ for

denodul ati on or &xanpl e t he bas nal's can be sent “tromreceiver
22 to rmdepIoZiecaslthe acpmﬁtspgldmgadtgmlé@sahand ‘s1gmi ithe feeg of ¥ @bit22mplesl nodem 26

may al so b cou her bus C ei ver

P oo SRERRG! etls? AT et SoR S nrise fopmatile B BaG! bissh RS | T at e
dat a transgsasliif fhelofih of Rirderlof Bale RambRE3Bine PO AR #Didflembnts and Q=
baseband signals, nodem 26 converts the signals to a digital representation

(referred ravgloaaldlpgp toemexe easkdvel BCGrman )he digitab haseband signal. In addition,

anal og-to-g hg errfo'%la{{%] 1&%5}; fflu rc]lggl O ﬁm%lase gs%ﬁna%@ﬁie?%&tﬁ??@ form -

si gnal and uces the correspo |ng Signa

- of 10-bit sﬁfﬁmlamclatddameme(basebnm tlgﬁalét@e@mrghmssat@(wﬂdlpaﬁts Oodree Used to

generate the di gi taI ﬁeband nal in the formor |arger of srral | er
sanpl es. Pteremovakiaitf viasedal E?S%ﬁfﬂ BaksPseagentiyecisroRaTkets pEsesssd fbnove

. residual Dﬁﬁaft b steh e Hhdrd hpfRemEhe it RHRNAN by &%&@C%ﬂﬁval unit 36. After

~removing the residual DC from the digital baseband signal, fine DC removal unit 42
?ﬂ;;,f.orwards_ the digital baseband signals to power detector 44 and a digital voltage gain
amplifier (DVGA) 46. In some cases, DVGA 46 and demodulation unit 48 are
activated after power has been detected by power detector 44. |

[0040] Power detector 44 may perform powér detection in order to assess whether the

| gain state should be reduced. Power detector 44 may implement a plurality of power
detection modules so that gain state reductions, if necessary, can be made within an RF
training period. For example, if one or more components of modem 26 are overloaded
or saturated, gain control unit 47 sends a signal to gain state unit 32 via serial bus 29 to
cause gain state unit 32 to reduce the gain state. | - _

- [0041] DVGA 46 also receives the baseband samples from fine DC removal unit 42.
DVGA 46 performs residual gain adjustments to mote precisely séalta the digital
baseband samples. For example, DVGA 46 can be used to scale the digital baseband
signal, either by amplifying or attenuating the digital samples. AGC unit 49 controls the

. gain of DVGA 46 as outlined in greater detail below. Byk incorporating the techniques



,fine DC renmoval unit 42 may include a coarse DC estimator to estimate the
residual DC offset associated with the baseband signal aR7t@etalet 2086 gain.
state, and update coarse -'DC renoval unit 36 via serial bus 29 so that ~
subsequent|ly received packets processed at that gain state have nore
appropriate DC renoved by coarse DC refbval unit 36. After renoving the
resi dual DC fromthe digital baseband signal, fine DC renoval unit 42

hoTiEn s el RESSANS, SPRR AL P Bt g 2 i el
uni t 48 arﬁam&ﬁéﬂyyﬁhﬁpuséahﬁemg&‘éﬁr Hﬁ%aﬁ@ﬁ@nﬂ?ﬁﬁ%ﬁﬁd%ccﬁ ‘ﬁgrtoget ector 44.

[ 0040] Power detéector perform power "detection in order to assess
whet her th*e1re]gm networking sg*mdadddudeasmmommddd etftarscdimgthy digitpl enent a

plurality o 0 uIe state reductions, if
necessary,baéﬁ élgﬂﬁﬂg)ﬁ‘%ﬁgnh%fg |SF|4 ﬁ‘%d'g ?1%6‘66% ﬁ‘gﬁarﬂ&%ﬁﬁﬂ e, if one or
hor e cowpommwifonrﬁaﬂaw&@ieﬁ{o%umsﬁhﬂﬁéﬁgexﬂcnsﬁlturat ed, gain control unit
47 sends a S|g to gain state unit 32 via serial bus 29 to cause gain

state uni t[0842} G édmmom@etglﬁdrblmkaph@ra@wm]’GB\A@mda&@ﬂ?slu1t|4@c&\(@é t he

baseband s les f erfor resi dual
gai n adj us ALY %&%f’%se%fngc me%o@hfl’ée {Dﬁlerem%?ﬁtugft 41&0&886%ﬁaﬂgarrpl es. "
For exanpl BVGAVﬂ\re%&Véﬁﬁbth- agiayl Ba@et&ﬁdb&nﬁl@@ DW}A ads nﬁga@l@dubn Eugnal ,
either by a @ﬁﬁlol ng or attenuating the digital sanple AGC unit 49

0

control s” the aesidoplaein gdigstments tp fhedlQ-bit Grhaggbapd a@élﬂpf’rs apé p Qv uniy
| d
bel o, DV P RE REALAUES s iR A6 e o baBBEALEMIS MRt (P

pr)cessu ngddnak&ﬁmd(}alzl@rm sutlrmwﬂaacb\edvlﬂmpeasxﬁc mgexteﬂcao Ivmniteﬁles;[msnet wor ki ng
standard suc EE 11 st andar After cal ing the digital baseband
si gnal , D\f@d] WE?F‘E%?W@F%@&%@% glﬂﬁyu{’%ﬁ baseband sanples to .
denodul at | @431 Bth4SnfiP51 Qﬁi@ﬂ%é‘sz Qéhe?fﬁédoﬂﬁﬁ (%iélsf %hﬁii&lﬁ\a%%ﬂi@%u? 1G4 1s

a more detailed bl ock diagram of DVGA 46 and AGC uni't 49 6 receives
10- bi t bas@bmh@lb:s agpindectéraprhafilimg tliﬂaesldhng(atoductuto aqpantitp opameidcbwlla”t- DVGA

46 i baseb | s, DVGA 46 i nel ud -
23 to”per Pk b Sy m R ROl S R F gl e M o6,

and a Q ugit. 52 to performresidual gain adjustnents to the 10-bit @

E. baseband sampl es. Many of the
_ [0044] The outpat samples from the I- unit 51 and Q-vnit 52 are provided to power

detector 54 of AGC unit 49. The power contained in the output samples is computed by
péwer detector 54 according to a power detection algdrithm, such as an algorithlh that
| calculates I* + Q®. The detected power can be compared to a set point 56 such as by
‘subtracting the calculated power level from the set point 56. Set point 56 may be stored
j ' in local memory of AGC unit 49, and may correspond to a programmable value that can
be selected to maximize the signal to noise ratio and minimize saturation effects. For
~ example, if the set point is set to 200, P+ Q? =200, where I and Q each have average
RMS values corresponding to 10 least significant bits. =
- [0045] The differences may be truncated or shifted by unit 58, dep,ending' on the speed
at which AGC unit 49 is chosen to operate. AGC gain 59 reﬁresents a programmable
input to shift/truncate unit 58 that defines how fast AGC unit 49 causes convergence to
the set point. In other words, AGC gain 59 can be used to adjust the responsiveness of
AGC unit 49 to individual baseband samples. Accumulator 60 accurnulates the
differences to define a AGC cbntrol word stored in gain_control register 62. When new

packets are received, a reset__ signal may be provided to accumulator 60 to reset its



9 detai I s of DVGA 46 are outlined bel ow with sp_e0|f|c reference to |-unit

51. It i understood that the simlar logic is duplicate 0062

[ 0043] Both - unit 51 and Q@ wunit 52 generate output si g(r?gl Qc%bénﬂ%t?glyl ng
an input sanple by a gain factor and adding the resulting product to a
quantity obtained by left- shifting théd2bits of the input sanple. The out put
sanple is extracted fromthe resulting sum [0044]. The output sanples from

the 1- unit 51 an uni t 2ar tovided to det 54 qgf AGC unit
49. The polte¥e &én Oaﬁ?%miuﬁp 3. tbag]?@aﬁ%?l@élg‘io\ﬁgé gﬁﬁl Sak}? det ect or
54 accor dimgy tfse fReVEs iR toRe 8¢tGRIt] diAverds. hxxﬁﬁla@@s@hﬂ&éasém thdrat
calculates 12 + Q2. The detected power can be conpared to a set point 56

such as byaccwmplatigr map §e tinsteddp the wlusdfgamwst poiatéor epchqrpven gstiyeate.guik nt 56,

cor r bapond LI RN 18 Bk ERea by sy RS PR Rirter g Seldldef Wy R v 1 e

signal to mgilﬁ@m@umgeﬁnﬂ]ﬁmmem@@t saturation effects. For exanple, if the
set point is set to 12 + = 200, where | and Q each have average RMS

val ues cor[p%@oﬂtﬁ W@UPJOWQ@ SFQ?&@; in gqiponireliAgisist 63 car ‘?}’0115511 torfifingithe er ences
may be tr Ls’éhfxﬂos By tAb VeiA #Qhid t%dpe%g@'nlseﬁ@ngggﬂﬁg fhdag %a]rfﬁ S %P&dm whi ch AGC

unit 49 i oper at'e FeSents & progr % |nput
to shiftitthe Matrmosumgm%&ttbﬁtabf ﬂﬁfdoﬁ&ﬁl Wond rﬁ@she lﬁ@?t@ldiﬂfh&%ﬁﬁhl&&ﬁe

convergence_ to : et.p I n ot her words, ain 59 can be used to
adj ust t he*leEEHdn: ﬁ%ir\]&t R Qugnit i, andioress fﬁm o Géﬂfﬂf%@%ﬁﬁg heanpl es.

Accumul at Qion§) QS{HHEH%@%%@]E@ tn%é e e%ﬂ@@ﬁas%@anﬁ%fain ﬁes gn@)ﬁ@ thOPtr ol wor d

"stored in gal n- contr ol regi en new ac e re recei ved a reset
si gnal rrawelretlpm pidcels ds Dutlmcdungneatbndetﬁbbﬂowr élstlns mtameimwtmb:ew i2006 12 -

val ue, I,ti.alizin initialll
| arge val 8&6&%@3@)& egafrégf]é%fbﬁ QPR ROCES 1“Fr?ga§%cte“ﬁglpﬁ%°t 8}?‘5@@ fdage. In

t hat case,acbaﬁﬁmgaw@egsh@mmumtﬁnaﬁﬂdon may be limted to the value of the
set point for each power ‘esti mate, but decreases to the accunul ation coul d

be nmuch | 0§47l FIG. é is a ore detaiaddhleek diagiem Gid2VGA) 4t AGRMIE 49ar ger t han t he
t t. 62 b
set poin L:Q%ﬂntg-[ﬁlg g@ﬁ@%@%&ﬁ%ﬁ ah{é’g f[ilo i ﬂl?\fﬂ‘r&@@ Es 1ﬁ11 R ke can be

used to define orm Dbi Téction of the
baseband sefgtes.to Famiteaipisemderstood, however, that similar logic is duphcated in
DVGA 46 in Q- vnit 52 (FIG. 4), which handles the quadrature-phase baseband
> samples. As shown in FIG. 5, DVGA 46 receives 10-bit baseband samples._ Multi?lier

102 multiplies the 10-bit samples by a 4-bit gain factor defined by AGC unit 49 as

outhned below in order to generate a 14-bit product. Also, shift register 104 of DVGA
46 shlfts the 10-bit sample to generate a shifted value having 14-bits. The 14-bit .

| product and 14-bit shifted valne are then summed by adder 106 in order to generate a

15-bit sum. Bit selector 108 receives the 15-bit sum and selects the appropriate 6-bifs
from the 15-bit sum. The selected bits may be defined by the AGC unit 49. For
example, the four most significant bits of a control word stored and updﬁted by AGC
unit 49 can be mappcd to the selected bits of the 15-bit sum, such as via a lookup table
(LUT) stored by bit selector 108.

[0048] The actual bit-size of the baseband samples the product the shifted value, and
the sum may vary in different 1mplementat1ons. In general, DVGA 46 includes a
multiplier 102 to multiply an M-bit baseband sample by an N-bit gain factor to generate
a product having M—l_—N bits, a shift register 104 to shift the M-bit baseband sample by N

bits to generate 2 shifted value having M+N bits, and a bit selector 108 to generate an.



i nput baseband sanple and the gain factor are used

.the four nost signifi Cant b1ts of the controt- word rmy ‘beused to define
which bits are selected by the |- unit 51 and Q unit 52 27301:1:613&'2965 four
most significant bits of the control word can be nmultiplied to the
respective baseband sanples prior to the bit selection process as outllned
in greater detail below In this manner, AGC unit 49 is wused to athe gain-
of DVGA 46 during adjust processing of a?’recei ved packet nodul ated according
to a wireless networking standard. ,10047] FIG 5 is a nore detailed bl ock

di agram of Jayseh b4 GeladithgMoieabid Subddt ofmlfl%lﬂg)fta%uﬁﬂﬁ“t diemnl thel N- FIG 5,
the logic of DVGA 46 is illustrated with reference to 1- unit 51. It is

. under st ood, shiftafieiplite; Tihp apmgif the delﬂ%@n@ smﬁecijuqdm eant ecprpdncebgadds 106 Q- uni t
. 52 (FIG 4 b As sh
B2 S R o DE R e e P BRSO

- nul tiplies thégaihGadvbrtars aged by Dihieleatot lbstBs@u@e flact GE bitebf MedrdiicAtdy uni t 49
as outlined belowin order to generate a 14-bit product. Also, shift

regi ster 102 wsed mvastractres the PRyt sigeal 1806 perfornsce may hyarwraked & shi ft ed
lue h th
val e ot o npl il bor OB Pl Lt Rk gk P8 Kpbi i © Lo

recei ves t hendbfhlpcompars anld Ve ssiatvehitihthe djip bDihe ipadducbeftthe ihpuf .ﬁ@xm] hie 15-bit
sum The se|lected bits nay be define t he AGC_unit 49, For_. _exa the
“four nost- 5% i tecipparpTaadef OTaF“B’é‘ﬁ‘Fg E VREPS: a#%\ﬁGérr&ulﬂpr&a%@leas} rHDAEGC uni t

49 can be mRppcdid . B}?@arﬁlﬁhﬁ%@%%ﬁ%umedtv'aﬁwlé bk 184 inpi #GBm 3 Mia a

| ookup tabl'e (LUT) stored by bit selector 108 act bit-size
of the baseiuahd s@amheswouldévemlommmmal hﬁusfdrﬁ:setly balscleqtoamﬁ B)he sum may

vy in diff |
\r/ma]jl :olnl elr %’gr ?‘b?‘i}’&lﬁh&'wgfttprn g@?ﬂ& Cl%ﬁﬁgﬁgﬂ Héﬁ kﬁsgl?eq%dgal n factor
to generat esmgﬂep Eﬁﬂiﬁ@ka@ ﬁﬁﬁﬁ% thé DhsBbdn® sampi by &7 bite &l Sh@h tﬂeozﬂfmlﬁéaté éf the

M bit baseb N bits to generate "a shifted val ue having M:N
bits, and ath@ptodg@ttn@qumawaofﬁévg egndegnhaedct ober 2006 13 output by

sel ecting t of the |
shifted vala[hogﬁ#%segﬁcﬁqm%g %@h Qﬂé& d%:]blﬁ t%adpgl 'ﬁaﬁ an gg?‘ﬁ ed by
adder 106. fof 884&JulddonoTheddined,dbe 6«’@it|valhfe chilBe bi‘d\@deﬂfto LAIGIJ ﬁﬁl@i@lﬁd thaf lgge

it sel ector

" Because al | avggmaticegag) ddugmeRty éafpﬁ?’%@ﬁé% #egin, DVGA 46 inclades duplicative logic
‘ ' for handing both the I- and Q- baseband samples. Thus, AGC unit 49 receives selected

| 6-bit samples from both an I-unit 51 and a Q- unit 52 (FIG. 4). |

[0051] Power detector 54 receives the selected 6-bit saniplcs from I-unit 51 and Q;unit
'52, and sums the magnitudes of the 6-bit samples, i.e., performs I* + Q to generate an
11-bit value indicative of the power level of the baseband samples. The 11-bit power

level is compared to a set point 56, which represents a target power level for the

baseband samples. For example, set point 56 may be programmed in order to maximize
“signal to noise ratio and minimize saturation éffecfs. In one example, the set point .can

be set to 200. In that case, I* + Q* = 200 where I and Q each have average RMS values
corresponding to 10 least significant bits.

| [0052] Subtractor 110 can be used to compare the power level to the set point, such as
by subtracting the power level from the set point to generate a difference. -Thé
difference represents an error signal indicative of the power error pfesent in the
baseband samples. The difference may be truncated or shifted by iunit 58, depending on
the speed at which AGC unit 49 is chosen fo operate. AGC gain 59 represents a

programmable input to shift/truncate unit 58 that defines how fast AGC unit 49 causes |



be used in extracting the output signal, AGC performance may be inproved. -In
particular, the input anpli'tude for a small signal may coRiePgtober 200@sired
| evel nmore snoothly conpared to DVGAs in which the bits of the product” of
the input signal and the gain factor a1{4e rounded or truncated. For exanple,
a DVGA could round the 14-bit product to 10-bits and sumthe 10-bit rounded
value with the 10-bit input sanple, but such a summtion would be a |ess

optimal vateifrefgehcetdahdiet Bbint 8@l 86 képordsd@neRof A¥Qiudit A9 tb eaRGRlii@A10f t he
M-N bit product to match the bit size of the baseband sanple, and instead

shifting t heschesesmnle Jamks dlusirardsrample.onitiShifsibe Witiffesios bye- ¢ he
d £, .
Dutput § heoltu e i aEerche €A TBTARE BiteyybD ity aRfisRbE 100 O

dermodul at i by acdumugatiati 60. dn, pattivel; thinklatial ofthe diffdeence values Gdl uhits #goweni t 49 so

that automatic gain adjustnents can be nade. Again, DVGA 46 i ncl udes ‘
dupl i cat i vE& Jnsgr valugsgan bg aupided- nsrmuaion €0 may siore dLGbE Arerau#onestheThys,

AGC UNit. A9, 1 epeiiias. el R Bl R “bar b an L osn 1 and A Q:
nit 52 ( PR sat s et Gy ST GUATh ot ontlolord o 1

sanpl es fr storad-ingain_&hitmheegtartilt Fob&xanghe LAINS1 niwy redbinitheiesmolatiome 6- bi t
sanples, i.e,, Qig{form; 12 +aﬁ%lto enerate an 1-bit val u? indicative of
t he power P‘_%‘iﬂé‘?s ymﬁ%vﬂggsetg- R L TCCBE\‘/%‘\““ RPHISOL c oppar ed
to a set pEbRbrte@linkhti wiud. epresents a target power |evel for the baseband

sanpl es.” For exanpl e, set point 56 nay be programmed in order ito maxim ze
si gnal to (H53¢:Thalé-ditzaatrel werdistosedsintgainatomirol eddigtet &2 mapbonseddyanpl e, t he

set point S to Q. ln that e, f.+ =.200 e and. Q each
have aver afy A gEFilshR. A8 mish sbfifiatBlS vt bl g pIeliE s fg 4 S Gocan
Subt r act or thkldppfopfialees-bis &nHle foaiihan s-bithemsMBe plodélan Qh#flae valass. Mrnt , suc:
as by subtracting the power |level fromthe set point to.generate a

di f f er enceexarpgle, bifi setestas OB npag siase a Mokup tebley (LEF Dshgdrmapsibiigicleation/ie the ¢ he
power erro&bog{sqg[ﬁﬁé?ggﬁg Qﬁheg&%?cﬁ%b‘?dsa”pl- es. The difference maybe truncated
y umi ,

or shifted depending on the speed at which AGC unit 49 is
chosen t o - pSdhireaddiism, geei ¥6-EOcomml epahitared in gaingeeammohizigistar 6P uiaythe

. . shift/truncat i1 58 at defjnes how fast. AGC ynit 49 causes. 27 Cct ober
' 2006 14 caw&yéﬂkbé Pdiegﬁsﬂ?e‘{"{’%?lﬁga%?{d"a@ﬁ% _ @ﬁ%ﬁ’%&?f-‘éé%maf@‘ Cunit 49

to each ingicivgy %-bii_: baseband sample in order to generate the 14-bit product. In one

example, gain__cdntrol register 62 stores a 16-bit control word b 150140713012..by.
Multiplier 102 multiplies the 10-bit baseband sample with a 4-bit gain factor |
o éorrésponding to portion &;;b1pbobs of the word stored in register 62, thereby generating
| a 14-bit product. .. | _ |
[0055] Shift registér 104 shifts the 10-bit baseband sample received from fine DC
removal unit 42 (FIG 3) to the left by four bits so as to generate a 14-bit quantity.

Adder 106 generates the 15-bit sum aysa;sapay;..ap of this 14-bit quantity and thé 14-bit
product. To generate the output signal, a bit selector 108 selects six bits from the 15-bit
sum aj4a13a;2a;1..dp. The procesé. of multiplying the baseband sample by the gain factor
to generate a product, shifting the baseband sample, and selecting the outpﬁt from the

sum may be referred tb herein as “applying the gain factor.” The particu_lar six bits
extracted to form the output are selecied according to a 4-bit portion &; D) 33 12, LE.,

-the most significant four bits, of the control word stored in regisfer 62. In one

embodiment, the particular six bits to be extracted may be selected according to the
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differences by 2- bits to generate 14-bit difference- valu%
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power to a Ilnear val ue. [0053] The
regi ster 62 nay be used by DVGA
108 to
mthe 15-bit sum of the product and.
or 108 may store a | ookup table
st significant bits of the control
word stored in gain-contro
ne the 4-bit gain factor which
ei ved 10-bit baseband sanple in

one exanple, gain-control register
3bl12.bo Miltiplier 102 nmultiplies
gain factor corresponding to

regi ster 62, ‘thereby generating a

3694 shifts the 10-bit baseband sanpl e

FIG 3) to the left- by four bits so
106 generates the 15-bit sum
product. To

or 108 selects six bits fromthe
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e referred to herein as "applying
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_ [0056] The bit cs, corresponding 120 the bit a;4 of the 15-bit sum generated by adder 106,

is treated as a sign bit. Thus, the output csc4Cscacico May represent a quantity between

-31 and +31, inclusive. As shown in the above table, higher values of b;sbrsbisby2 result

in the outptlt being formed from less significant bits of the sum azarsarai.ap. These

higher values of b;sbsb;3b;2 represent higher gain and would thus be used with srﬁal} 7

signals. Advantageously, the full range of bits asassara;;..ap is available for forming

the output cscacscacico. As a result, the output of DVGA 46 may converge to the

desired set point more smoothly, particularly for small signals for which the output is

formed using less significant bits of the sum a;4a;3a;52a;1..ao.

[0057] When new packets are received by WCD 10, a reéet_ signal may be provided to

accumulator 60 to reset its value, e.g. to a maximum valve. Initializing accumulator 60



15 follow ng TABLE 1 which can be stored by bit selector 8.as The
output is denoted as c5c4c3c2clco. TABLE 1 b15b14b13b12 g()€qﬁ555@@

0000 al4 0 0 0 an an 0001 al4 0 O al3 al2 all 0010"al4 0 al3 ale all an
0011 al4 al3 al2 all anmp a9 0100 al4 aig all alo a9 as 0101 al4 all alo a9
as a7 ci 0110 al4 alo ag as a7 a6 0111 al4 a9 as a7 a6 a5 1000 al4 as a7
a6 a5 a4 1001 al4 a7 a6 a5 a4 a3 1010 al4 a6 a5 a4 a3 a2 1011 ald a5 a4
a3 a2 al t1aewintiallydargeyahe raay eayse fhgtoncauareaBeea® thelset peiot, On ayarage. B4 a2 al

20 0 0 Liiyald lag. o b0 0950l ThE B brfin SO SRRONIG, eyt e DIt o 4

of the 15-bit Sum genera Thus,

t he out put eG&‘CﬁkﬁI&ﬁ‘%@ﬂllﬁ@t@M draaﬁammeacmmiﬂdnycdaﬁiwmh 1m%kr argd if31,
i nclusive. As shown in the above tabl e, gher val ues of bl1l5b14b13b12 result

in the out ﬁakuha@ﬂm@wawalamf@mweg rhgﬁrthlq wehRink; Thuseby seféngstien |
al4a13a12a£%&9n%£€b%st% ﬂl zﬁl}.&%ém}%]} eﬁl&é%g l?éc% vaige'd %Sa%{] aghl gher gain
t van

and woul d e Used ageousl g€fu range
of bits al 4ﬂ<]e:ied52ma]thaaa wauldifahd aactahmufanbnmgmmnghzeﬂh@scﬂm gther wheds@h2cl co.
As a result, the output of DVGA 46 may converge to the desired set point
mor e snoot ﬁﬁﬁeropartlcul arly for small signals for which the output is

formed usi g03gTFIGSE K otteR Bliaild Blo dibHEmH D AR Gald2bC R 49
according to an embodiment. The configuration of FIG. 6 represents a slight variation
of the configuration of FIG. 5. In particular, the separate gain_control register 62 is
removed, and the accomulation in accumulatdr 60 is used directly to éontrol the gﬁin

and bit selection of DVGA 46. In this manner, the heed for LUT 61 can be avoided,

further simplifying the architecture. The accumulation is in units of power, but DVGA
46 performs functions on the baseband samples in units of voltage. For this reason,
translaﬁon of the accumulation to a linear representation using LUT 61 seems
‘ necesséry. Howevgr, simulations have showﬁ that translation of the difference values
prior to accumulation, and/or translation of the accumulation itself, is not necessary to
yield acceptable results. Accordingly, the configuration illustrated in FIG. 6 may yield
accep{able results with a moré sinipliﬁed architecture. In that case, the LUT stored in
bit selector 108 would be similar to TABLE 1 above. However, the LUT stored in bit
-Sélector 108 would.map bits of the accumulation to bits of the 15-bit sum. In other
words, the accumulation itself would function as the con_trol Word, and translations of .
the accumulation to a linear value can be avoided. | fj
[0059] FIG. 7 is a flow diagram illustrétiﬁg a signal processing technique that may be
performed by a wireless communication device. As illustrated, DVGA 46 receives an
M-bit baseband sample from DC removal umt 42 (122). DVGA 46 multiplies the M—b1t
baseband sample by an N-bit gain factor to generate an M+N bit product (124). In
addition, DVGA 46 shifts the M-bit baseband sample by N bits to generate a shifted
yalue (126). DVGA 46 then generates output by selecting a subset of a sum of the
product and shifted value (128). The output can be forwarded to derrli_odulation unit 48
for demodulation, and to AGC unit 49 so thatl automatic gain control can be performed -

to more properly scale subsequent baseband 'sémples.



- [0057] When new packets are received by WCD 10, a reset_ signal maybe:
provided to accunulator 60 to reset its value, e.g. to aMﬁtﬂbﬁTVw%,
Initializing accurul ator 60.27 Cctober 2006 16 to an initially |arge val ue
may cause faster convergence to the set point, on average. In that case,

i ncreases to the accunulation nmay be linfted to the value of the set point
for each power estinmate, but decreases to the accunul ati on could be nuch

| arger, e. | f al cul ated power was signjficantly |l arger fhan the set
poi nt . Thug[,(mﬁé/] %@%t‘f‘ﬁb”‘%’ﬁ%asu%& “@F?%ﬁ??%tLaoﬂt&%Fﬁ%B\?_ Yd’éf,cu Rvergence to
the correctyahlgemOin R b B9 I- BRbatBdedh @§[§d|£6-'i§ﬁ Q-hc%E‘eHahd‘é‘QHﬁlg(l[ﬂ‘(%t he

accunmul ation was initialized to some other value, such as zero. 58] FIG
6, i's anot hdGCdetiadd euniasdche phvegrievel of 2 BVEAInd 6 gandrakGCifilsrancdthat accor di ng

t ‘enbodi t. .Th onf i ti Fl G | i ght lati
of the. coni IPRIISIP BPOwFARS M PR Spsapeta e (S cxpGral e gaiudRE o)
regi ster 62hk Yiffdr&iPR%6 that &letn bGscATEHEBHRI MY th Eaiﬁ%dfggn%téﬂrseﬁgﬁdﬁoﬂlsed

directly to control the gain and bit sel ection of DV . I'n this manner,
t he need f ofubbdqredibasehantsaraples (84d). Infsomeicasessthepedunyilatipntih translatéd intxt ur e.

. The accunulation is in units of power, but DVGA .46 perforns functions on
- the basebanﬁcﬁgwbwggd’iaﬂg%?t %w&?e%vt\(f)\‘?tag :lh%tb?n lfsr‘ﬂfés ﬁgz?%tﬁ?l quflaﬁgjlsat i on of

t he accunul probdds niag c@niiﬁﬂé&@?rdc@@raaﬁﬁﬁﬁsﬁbf Bikeb st c6REFend L ESsary.
However, sinulatjons have shown that translation of the difference val ues
. prior to acEeeiitdpacket. Whely onev papkst igrecsiveds the pecunad garfimi AUCiundddt . is not
- necessary t i ; . rdi srrk=h | QN

T st rat ecniféefed B ENbIARER A, dFORAR S b AP IBAL B o
Fehi -t ect urhis thimdehaliginh agombtiegdit/Eomta et be imprhovéd fe hewting pd@&swoul d be
st | ar to TABLE | above. Howeiver, the LUT stored in bit selector 108 would

map bit s of CEHEeRCOTAN SO AN ¢less priverkingsthadand sych asyniEEE $03: Hetangdgidis, t he

| . t . . 3 A . . . . . B 3 . f
A i he. acouRBLE S ahioOL il b A Atink Ve ARL AN HaRopBREoHDAIS BiONS ©
fl ow di agr ampléthersed bt hiandyvae.sExpraple provassinngeneshpnguesytincinderay be
f d b i r el . ication i ce...As illustrat. .
Pecet vas. antopBrsiss StihA Dabr bR B PEa A bl t fASE) Rhia 46
nul tiplies gieraMridle gﬁ?&ﬁ%ﬁ(ﬂ@@@bﬁ)g‘?ﬁnﬁﬁbﬁﬁ@i& d8atd) spRsicllyuesigaiger at e an
n ‘ o

M-N bit product (124). _ ) ) :
hardware components, 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 inay store computer readable instructions that can be
" executed by a processor to carry out one of more of the techniques described above. For

example, the medinm may be an computer-readable medium snitable for storing

£ _ instructions, including random access memory (RAM), read-only rhemory (ROM), non-

" volatile random: access memory (NVRAM), electrically erasable programmable read-
only memory (EEPROM), flash raemory, and the like.
[0062] In additidn, 6ther modifications may also be made without departihg from the
spirit and scope of the invention. For example, the DVGA and AGC architecture
de.Scribed above may also be implemented to process signals modulated according td
CDMA techniques, TDMA techniques, FDMA techniques, combinations of technigues,
or the like. Accordingly, these and other embodiments are within the scope of the

following claims.



addition, DVGA 46 shifts the Mbit baseband sanple by N bits to_generate a
shifted value (126). DVGA 46 then generates output by se2363¢@ﬁ?@§2@5ﬁ%et of
a sumof the product and shifted value (128). The output can be forwafded
to denodul ation unit 48 for denodul ation, and to AGC unit 49 so that
automatic gain control can be perforned t d¢nor e properly scal e subsequent
baseband sanpl es. 27 Cctober 2006 17 [0060] AGC unit 49 neasures the power
| evel of the output, such as by calculating 12 + @ frominput of a 6-bit I-
baseband §?Q§Leland a 6-bit Q baseband sanple (130). AGC unit 49 conpares
t he power & cl@gediSet point to generate a difference that corresponds to
a power error in the baseband sanples (132). AGC unit 49 accunul ates the
differencq so uhdtinbd c&Aptidif:; used for controlling the gain factor and bit
sel ection of subsequent® baseband sanples (134). In sone cases, the

accunul ation is translated into a control word, and in other cases, the
accunul ation i tredtidflying ah M-bitdnatebahd vpipde offiti RF sphalCiessn Neblt g Ficfudeo t O
process a nunber of baseba 1pl es that correspond to a received packet.
When a neﬁ?ﬁggﬁéP“F@c&EWgﬁagaﬁ%gﬁé accurmul ator 60 in AGC unit 49 can be
reset, such as to a maxi mum val ue, and the process of FIG 7 can be
repeated. In i T PRTe NI i aln .| i.qpr oved
for handi ng pagﬁgﬁ§qﬁ€2§gﬁ&%g g%%%r |%§9?%bg?§%%£?§§££%@bﬁ%? ngag ndard
such as aM+tlEBEs;80@. 11 standard. [0061] Various techni ques for processing
wi rel ess signals have been described as being inplenented in hardware.
Exanpl e hardware i npl enmentatjons nay include inplenentations within a DSP,
an applicati onggr}?é*gfngia@ Oi“m“éby 83lerting jasubset of MsNe bitg of p sprg of regrypdidirabl e
gate array,d HRGNred a5 09r anmabl e | ogi ¢ devi ce, specifically designed

har dwar e conponents, or any conbination thereof. In addition, one or nore of
the techniques described herein may be partially or wholly executed in
sof t war e. 2l n t Akt metad @f clainc dnfoutharcompeasiapl e nmedi um may store conputer
readabl e instructions that can be executed by.a processor to carry out one
of nore of the techni ques descri bed above. For exanple, the nmedium may be
an conput er - r e SABYEL 2APERICReliof 51 Wtiurandt or i ng i nstructi ons, i ncl udi ng
random access nenory (RAM, read-only nmenory (ROM, non- volatile random
access nmenory’ | [ | |l e read- only nenory
(EEpron - 11 s FNEERNee RURCH) Bk FRASAR 6t A SRATERE |

3. The method of claim 2, further comprising:

storing a control word having a plurality of bits, wherein the control word has a

value indicative of the measured power level;
determining the gain factor as a function of the control word; and

generating the output by selecting the subset of M+N+1 bits as a function of the

control word.

4, The method of claim 3, further comprising determining the N-bit gain factor as a

function of at least a subset of a plurality of bits of the control word.

5. The method of claim 3, further comprising generating the output by selecting the

subset of M+N-+1 bits as a function of a subset of a plurality of bits of the control word.



[0062] In addition, other nodifications my also be made without d rting
fromthe spirit and scope of the invention. For exanple,27ﬁlc %@ﬁé_AGC
architecture described above nay al so be inplenented to process signals
nodul at ed according to CDMA techniques, JDVA techni ques, FDVA techniques,
conbi nati ons of techniques, or the i ke.l%Accor di ngly, these and other
enbodi nents are within the scope of the followng clains. 27 Cctober 2006
What is clainmed is: 1. A method conprising: multiplying an Mbit baseband
sanple of an RE signal by an N-bit gain factor to generate a product having
MeN bits: Oshi f thagigthed N%/Biaﬂmb]as‘@bfﬁ?ﬂé harRd sighyl N podelated ageerdingtte a shifted
val ue havihg esé\/ﬁé\tlwgfl&fgst fgenerating an output by selecting a subset of
M:N+1 bits o# a sum of” the product and the shifted value. 2. The nethod of
claiml1, further conprising: neasuring a power |evel of the output; and -
adj usting 7t he M-wir¢legabmnfuathtion ds/ic dompeikingn of the power level. 3. The
nmet hod of claim 2, further conprising: storing a control word having a
plurality of bits, wherein the control word has a value indicative of the
measur ed power 2Vayahle g pEphiiginuding gain factor as a function of the
control word; and generating the output by selecting the subset of M-N+1
bits as a function of tha. co 4 e t hod. of ,¢l ai further
conprising determ n?%&ﬁlgr&@mu @aﬁwg‘éﬁéﬁeggl‘sd %%1 %ﬁ% I}l(%% Sb%n%]agy fhast a
subset of Nabipkainddtdryto @énelpdté s pafdutttavmgM-+obitwor d. 5. The nethod of claim 3,
further conprising generating the output by selecting the subset of MrN+1
bits as a function of a subset of a plurality of bits of the control word.

27 Cctober 2006 i 12 ghiftyrgistaptondhift gre Mrbif bassbandisemplerbyt M oitRio gangriéd a1
modul at ed RGEEVYLEBaifly BN bits, and

a bit selector to generate an output by selecting at least a subset of M+N+1

bits of a sum of the product and the shifted value; and
a demodulation unit to dem;)dulate the output.

8. The wireless communication device of claim 7, further comprising:
a power detector to measure a power level of the output; and

an accumulator to accumulate differences between the measured power level and

a set point, wherein the gain factor is defined by the accumulation.

9. The wireless communication device of claim 7, further comprising a register to
store a control word having a plurality of bits, wherein the accumulation defines the
control word, and wherein the gain factor is determined as a function of at least a subset

of the plurality of bits of the control word.

10. - The wireless communication device of claim 9, wherein the bit selector is
configured to generate the output by selecting the subset of M+N+1 bits as a function of

at least a subset of the plurality of bits of the control word.



wi rel ess networking standard. 7. A wireless conmunication_deyi (o]0 } Si ng:
a variable gain anplifier including: a nultiplier to wltﬂglécﬁﬁ’%%ék
baseband sanple of an RF signal by an Nbit gain factor to generate a
product having MtN bits, a shift register to shift the Mbit baseband sanple
by N bits to generate a shifted value Itaging MtN bits, and a bit sel ector
to generate an output by selecting at | east a subset of MrN+1 bits of a sum
of the product and the shifted val ue; and a denodul ation unit to denodul ate
the output. 8. The wi rel ess conmunication device of claim7, further

conpri si ngt!-  a ThevFelens cammnicationdendes o daipohevharaipdil sigpalipmogiieisdt ; and
an accumul REGHink o FGEdMBN ﬁétﬁro&iirfgs%[rﬁ%es bet ween the neasured power |evel
and a set point, wherein the gain factor is defined by the accumul ation. 9.
The wirel ess communi cation device of claim7, further conprising a register -
to store B.com voiableorach draplifieg camplisimgal ity of bits, wherein the

accunul ati on defines the control word, and wherein the gain factor is

determ ned as a function of at |east. a subset of the plurality of bits of
t he control mradmu@'@flemﬁénv\lﬁplevl %M"&‘Bﬁ?ﬁiﬁ@@a&am’# gt B@ pgnat by Nrbitwher ei n

the bit sel8CtObr jooen&GARd GHERINAGINIPOR @€ the output by selecting the
[ f at

iy
subset of N+1 bits as a function © [ east a subset of the plurality of
bits of the control word. 27 Cctober 2006 2-0 11. The wirel ess
comruni cat i on deshifceegtierad ahifh the Mahie beseharfdrsagipimiay Ni lsitsnoguherited shdtedor di ng

to a wrel ess networking standard. 12. A variable gain anplifier conprising:
a nul tipl i‘@?uet]@" WE\fljfﬁﬁIbgs’zi‘r'i‘gl\/t bit baseband sanple of an RF signal by an
N-bit gain factor to generate a product having M:N bits; a shift register.

to shift the Mabaiisete%?l?@g&gmgmpmws@ieﬁ aql&wmao@g@mge]}ﬁ%qfva' ue

having MtN bits; and a bi el ector  to"generate an out put ecting at
| east a subswt ofghe MoNuc ahd tie sbifted value.

13.  An integrated circuit comprising:
a variable gain amplifier including:

. a multiplier to multiply an M-bit baseband sample of an RF signal by an
N-bit gain factor to generate a product having M+N bits,

a shift register to shift the M-bit baseband sample by N bits to generate a
shifted value having M+N bits, and

a bit selector to generate an output by selecting at least a subset of M+N+1

bits of a sum of the product and the shifted value; and
an automatic gain control unit that defines the gain factor.

14." The integrated circuit of claim 13, wherein the automatic gain control unit

includes:

" apower detector to measure a power level of the output; and.



a sum of the product and the shifted value. 13. An integr circui.t
conprising: a variable gain anplifier including: a nulti pﬁgf‘:tpbeﬁgbbﬁpl y an
M bit baseband sanple of an RF signal by an N-bit gain factor to generate a
product having MtN bits, a shift register to shift the Mbit baseband sanple
by N bits to generate a shifted value Beving MtN bits, and a bit sel ector
to generate an output by selecting at |east a subset of MtN+1 bits of a sum
of the product and the shifted value; and an autonmatic gain control unit

that defines the gain, factor. 14. T integrated circuit of claim13,
Moy er et he” aubbEpmal i eyt 4 (iierencs AP GHLES SEARbA PowGHB B | o

nmeasur e aaRaWRInt, veedin @fe dalifraeidl RUHjusRA decdfdifE inRE hectRiPitioAN accunul ator to
accurrul ate a difference between the neasured power |evel and a set point,

wherein the gain factor is adjusted according to the accunulation. 15. The
i nt egr at edS.ci r €he tintogratetl adirouit40f waim elidn wheeeim uho rmatomatigagain contrelotmitini t

i ncludes a ister. to store a control ,ward havi luralit f bits, the
cont rol wiFERLEiregstield HE & Lot ey aRng e il By 456 ool o &

i nt egr at edeiap tefitiet a0h figdclbibidhe avdi@iugitiont he gain factor is determned as a
function of at |east a subset of the plurality of bits of the control word.
17. The integrated circuit of claim 15, wherein the bit selector is

confi gured6t o Themdesated wchrevipgf slaimbhf, sdieredn itheggain dacteibisedetesmingdNsia bits as

2 funct of gl b 88t Ana Bl A BEeR WAL LRopLoR L5 of the control

word. 18. apparatus conpr i'nhg an Mbit baseband
sanple of an RF signal by an N-bit gain factor to generate a product having

MtN bi t's; 1meanshé QhitegbielltdiRgitt dTeclbabits, hhsehadd biangleetob)s Nobfifued @ generate
a shifted value having MtN bits; and nmeans_for generating an output by

sel ect i ng S8erdR i OWPELE slccing Vhavsubsei oisMoNd bilsuan bfiunchien of alifert aind t he
shifted valyeof the plurality of bits of the control word. :

18.  An apparatus comprising:

means for multiplying an M-bit baseband sample of an RF signal by an N-bit gain

factor to generate a product having M+N bits;

means for shifting the M-bit baseband sample by N bits to generate a shifted value
having M+N bits; and

means for generating an output by selecting at least a subset of M+N+1 bits of a

sum of the product and the shifted value.
19.  The apparatus of claim 18, further comprising:

means for measuring a power level of the output; and-

means for adjusting the gain factor as a function of the power level.
20.  The apparatus of claim 18, further com‘prising:

means for storing a control word having a plurality of bits;



control word; and neans for generating

19. The apparatus of claim 18, further conprising: neans for neasurl a
power |evel of the output; and neans for adjusting the gaﬁ(?%t@gs_r?&‘@ a
function of the power |evel. 20. The apparatus of claim18, further
conprising: nmeans for storing a control word having a plurality of bits; 27
Oct ober 2006 22 neans for determning t?% gain factor as a function of the
e output as a function of the
control word. 21. The apparatus of claim 20, wherein the gain factor is
determ ned as a function of at |east a subset of the plurality of bits of
the control wop@ansypr depereninipp theagainsfaghpr o afupstiy, of the eanépl weidptidsi ng neans
for generating the output by selecting the subset as a function of at | east

a subset of t h%e%s%?'ge'r@ati%fg tht?::' &u%pu?];s ;[1 Fu%ct%)nncgfr tf'?(la con‘ﬁ%i \gv'orcf. !

21, The appar_atus- of claim 20, wherein the gain factor is determined as a function of

at least a subset of the plurality of bits of the control word.

22.  The apparatus of claim 20, further comprising means for generating the output by
selecting the subset as a function of at least a subset of the plurality of bits of the control

word.



