METHOD. AND SYSTEM FOR CONTI NUOUSLY COVPENSATI NG FORpril 2006
PHASE VARI ATI ONS | NTRODUCED | NTO A COVMUNI CATI ON
SI GNAL BY AUTOVATI C GAI N CONTROL ADJUSTMENTS

METHOD AND SYSTEM FOR CONTINUOUSLY
COMPENSATING FOR PHASE VARIATIONS
INTRODUCED INTO A COMMUNICATION SIGNAL BY
AUTOMATIC GAIN CONTROL ADJUSTMENTS

FIELD OF THE INVENTION
The present invention generally relates to wireless communication
- systems. More particularly, the present invention relates to digital signal
processing (DSP) techniques used to compensate for phase variations associated

with automatic gain control (AGC) adjustments.

BACKGROUND

In a conventional phase-sensitive communication system, a receiver
uses automatic gain control (AGC) to automatically adjust gain as a function of
the amplitude of a radio frequency (RF) and/or intermediate frequency (IF)
communication signal. A real valued gain factor gencrated by the AGC is applied
to the communication signal. In the analog domain, the amplitude of the
communication signal is maintained within a predefined signal amplitude range
and is then converted to a digital signal by an analog to digital converter (ADC),
which also limits the signal amplitude range. The objective of the AGC is to

maintain a constant power level at the input to the ADC.

When the AGC is adjusted, a phase offset is introduced into the
communication signal which degrades the performance of the phase-sensitive
communication system. A method and system is desired for canceling the phase
offset of the communication signal caused by adjusting the AGC.

SUMMARY

Example embodiments of the present invention may be incorporated
* into a communication system which includes an AGC circuit, a receiver, an
analog to digital converter (ADC) and an insertion phase variation

compensation module. The AGC circuit receives and amplifies communication

signals. The gain of the AGC circuit is continuously adjusted. The AGC circuit

- outputs an amplified communication signal to the receiver which, in turn,
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Abstract: A communication system (100) i ncl udi ng7 april 2006

automatic control (AGC) circuit (105), a receiver

(110), an analog to digital (ADC) converter (115) and

an insertion phase variation conpensati on nodul e

(120). The AGC circuit receives and anplifies

comruni cation signals (150). The gain of the AGC
outpRits @i dnallsy esiiplek @dhnal e WECADC Tk tADOtqugh SR digital

anplified signal (145) to the receiver which, in tam
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into the communi cation signal due to the continuous
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processor W Ci] generates the gain control signal. The processor may calculate
how much power is input to the ADC.

The communication system may further include a look up table (LUT)

in communication with the processor and the insertion phase variation
compensation module. The LUT may receive the gain control signal from the
processor and provide estimates of the phase offsets to the insertion phase
variation compensation module as a function of the gain control signal. The
provided estimates may include a Sin function and a Cos function of a phase
offset, x. The insertion phase variation compensation module may have a real,
- Re, input associated with a digital I signal component and an imaginary, Im,
input associated with a @ signal component and, based on the estimates provided
by the LUT, the insertion phase variation compensation module may output an I
* signal component having a phase that is adjusted in accordance with the function
(Cos(x} X Re) - (Sin(x) x Im) and a Q signal component having a phase that is
adjusted in accordance with the function (Sin(x) X Re) + (Cos(x) X Im).

In accordance with a first aspect of the present invention, there is

provided a communication system comprising: (a) an automatic gain control
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to the comruni cation signal. In the analog dOﬁHIﬂ]AbﬂEHM6
anplitude of the communication signal is maintained
within a predefined signal anplitude range and is
then converted to a digital signal by an analog to
digital converter (ADC), which also limts the signal
anpl i tude range. The objective of the ACCis to
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the .Aﬁ’tq beine sentrolied yhe saingiontrel saraloand lgrvaq inggition phase

varidB94 %ﬁger{sﬁﬁoﬁ) %{Jdgienﬁﬂ%ﬁ 08{1?]]}11%)%8 90?1% &3 'tﬁé é&ects of
conmuni catl on system d’s en1|s
phaéo pffedn dethodiged Iilﬁto pha semnainiceion Osﬁgﬂdh &ycmmmc C@ﬁcuﬂn
sj gnal caused by aq1usting the AGC. SUWARY Exanpl e
bas Feiongel igalpr esent i nvention may be
in 0 t. I.C :
| el A EAEE AR LeclnfO TR, SO Ao ST (M thepe i
providegl 4 wireleontrantmit/réARE)unan@VERU) esepridie () hasmtomatic

varlatlgAg‘ onpensatiaon nodul e. The AGC cjrcuit

gain, copfroly GRPYG FTieh CSRTHT @erdi ghiusty dhe seinTak a
Y e
com R iRt St e ane IR e o AR anll
() to inbretioe qdiase rvawhtioh competsation mbdidle Aphich @fffuously
output an_anal S Q the ADC. The ADC
it the effci ngha%egﬁg& mﬁ%ﬁ*ﬁ?é fto; e somumpRpicgfion
mgn@h%rsﬁne\!ﬂﬁm BB b&&%ﬁ'%ﬁ@&é:ﬁ'&oﬁ@?&%g%a‘l‘h' ch counteracts
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|ncI§de a nodem_ which receives the altered | and _
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contiMiloGidly %ﬁﬁfaaaﬁlgi B 9fbds @NERRL SQ8alintrdfiRe® flﬁsoe%SOf

may cal cul at e
communication signal by the AGC circuit, the method comprising: (a) providing

a gain control signal to the AGC circuit; (b) the AGC circuit receiving and
adjusting the gain of a communication signal in response to the gain control

signal, the adjustment causing a phase offset to be introduced into the
' communication signal; {¢) providing an estimate of the phase offset to the
" Insertion phase variation compensation module as a function of the gain control
signal; (d) the insertion phase variation compensation module adjusting the
phase of the communication signal based on the provided estimate; and (e}
repeating steps (&) — (d).
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how nuch power is input to the ADC. The conmuni cat s8Rl 2006

system may further include a | ook up table (LUT) in

conmuni cation with the processor and the insertion

ase_variation conpensation nmodule. The LUT na
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and Q signal conponent having a
pregumhsevention; i s adj ust ed | n accordance with the

00igh & e o b Rt o OGP AR
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COH@@#%@#@&SF% ko bhe AGtkirenit ebigrfbusl y counteract s t he
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comruni cati on the AGC circuit, based on the
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str Perf‘ﬂ‘i’%‘“ﬂéé; ToI l ed by a gain control
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conpensa | ON Noaul e |1 C n nuous rac
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N L
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[0020] The present invention is applicable to communication systems using
{ime division duplex (TDD), frequency division duplex (FDD), code division
multiple access (CDMA), CDMA 2000, time division synchronous CDMA
(TDSCDMA), orthogonal frequency division multiplexing (OFDM) or the like.
[0021] Figure 1is a block diagram of a communication system 100 operating in

accordance with the present invention. Communication system 100 includes an
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the AGC being controlled by a gain control si gnaI'gAFﬂmo%
(b) an insertion phase variation conpensation nodu
whi ch continuously counteracts the effects of phase

ets introduced into the comuni cation signal
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accordance with a fourth aspect of the present
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nser 1'on ‘phase variatl on conpensation
120780d)lvéa prdpdssdr 139, dnftputs prmﬁcontrot mgnaldéﬁﬁmﬂxeaﬁt(m pircuit

b d t | ded
108, Fhb e e aan s Rn s St e R e B s gy
1057 Sétlde R AR P4 REQAdbr BRIOEmMIESERINEIraNI 5 Thdigain
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contel eignal d4 Fﬁa%]ﬂb@ltﬁ‘é"cfr?méh% PrReessqrgs P&wﬁrg pleGtVoh
1550&11&11@& £ qhs %u%mélemgeaz\m i%)’;t)fﬁ%de Ghe %ﬁ@éfﬁloﬁ ;@ﬁge to
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varmtmwcmgpmtlen modBOA|with gy estimate of ‘dlemlwé'ko g}feérlﬁ of

Ll t
imiaiTHE, R LR R D00 AbmaR A BeRfines
poljﬁcfuﬁ&hﬁ' aniyritherduethdd ity bearsedimiie dfahe bV Ts1Prialpregidan
r in a rdance with the present invention;
the[e%@g#e q%:ﬂé%P]éas? 0%‘:Qcan exenpl ary configuration of the
[ooﬁs]semhelgﬂn@ftgs %161\1/%%1 Ef tlﬁrgaﬁgﬁmgé@)afif:tmmmmtgﬂ5 is
ur e an igu is a flowchart. of,a
chapEdh &5 851oRBH RTINS oFsehd. 5, PR TEIAOR. TBY DEHTIGRLELS
thecc‘a iﬂjaﬁﬁé%n slﬂg%a?fls@afﬁué’fan%ﬁﬁﬁt@ﬁf A (E}lals@bﬂ'&fﬂm a

conmmuni cat i on_ si he circuit of
funﬁhlcguufd:hg gein provided by the A C c1rcu1t 105 may be determined on a

continuous basis by accessing the LUT 155, a predefined polynomial, or any other

method that can map a full range of AGC values associated with the AGC circuit
105 to a phase offset estimate.

[0024] Figure 2 shows an exemplary configuration of the insertion phase
variation compensation module 120 which rotates the phase characteristics of the
I and Q signal components of a digital complex signal output from the ADC 115
based on the gain control signal 145, so as to counteract the effects of phase
offsets introduced into a communication signal 150 by the AGC circuit 105.
Thus, the modem 125 is not affected by the phase off‘sets and the performance of
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[0017] DETAI LED DESCRI PTI ON OF THE PREFERRED 7 April 2006

EMBODI MENTS [0018] The present invention provides a
nmet hod and systemthat cancels out the phase
difference introduced into an RF or | F conmuni cation
WO20050M07¢ (i . e., data streanm), by perf or mP&g/UER§BH014100

adj ustnents. [0019] Preferably, the nethod and system
di scl osed herein is incorporated into a wreless

thet d’o&lﬂﬁlgﬂi&e(tgﬁC%ism lm'otils _(ﬁd_i'lﬁb%radbﬂir caiffesmt grinidels will

. .includes but | i ot limted ta g.user prent ,

intzogese differest s%}ﬁ,ofgff?qﬁ 30 B SEBPYRCiBRFR APV un ,

00P519eAs BbwaY BiEheS 2.t theeinsdriide \phase ¢apaibe cthpensation
operating in a W reless environnment. Thng%%ée,ﬁhof

modyle 13 inskades multimherstPonalP, B, vAE srbaddarsery ntoe

inséx@l%ﬁ?,héée%ﬁaﬁoﬁ %%&P%:%é%:% 26d 128 100 Bdcefk 89ed1 R 1GighaL t

conprising a nul I nterconnectin onents.

‘ co
confy002] 250 e dmreismginary (i Reignial c@pmne@bag%frp@ the ADC

115 SR B T et kbl B8 AR S e

asdmbﬁli;]qﬂjlﬂﬁtpmﬁs 1(belv) , CDVA 200(3, ti rrF ?i Vi si on

T )
LY 872 ST RS CRR0r  1ogor) 1T g0
10046J0. B Patepmg of e TSl i Be i dErcd Hytigiapipn 2 ° "

belbdpventi on. Comuni cation system 100 includes an -3 7
April 2006 WD 2005/002074 PCT/ US2004/ 014100 AGO

5 Cl | f h V@h) L1805k ROISHE Bhoi t al

Reco{g&g@é%&?f}i{%x %%b an) %n%séétil?)% éhaée) variation
conmpensation nmodul e 120 and a nodem 125. Th&angdyn 2

ci,fcui,t .105 and t hg Al 5 . G r Lo
Nofpthh s Qo5 Sle, e el 2 HTP Gl S RO By By
Eq@dtivglhd@i-n stage or nultiple gain stages.

Furthernore, the insertion phase variation

ReCORPENREat: on nodul e 120 maybe incorporated iFrnation Be
nmodem 125. [0022] The nobdem 125 incl udes a processor

[00%%00 ??l% Bﬂtpﬁg b?ﬁﬂe%ﬁ%ﬁ%ﬂﬁi@ﬂ? I P G¥\@Eschibed Bf;ﬁguatt@ntzh e

nodem 125 “recei ves conpl ex | Q si gnal
belgmnponent s 135, 140, fromthe insertion phase
. variation conpensation nodule 120, and, via processor
I m1:3(Bin@ik Red s (Gosgi>nlndont rol si gnal 145 to t Baupdo 4

ircuit . 105 The gai t Canal 145 |
oyt i AP TR ) v 0D % SRR,
Eq150 iﬂ_l_lbéﬁ&vh .of an RIP and/or |F comunication signal
: e gain

I m=Im+Rexx Equation 5
[0028] Thus, as depicted by Equation 2, the real signal component 250 is
multiplied by a Cos(x) function 280 specified by the LUT 155 via the multiplier

215 and the imaginary signal component 260 is multiplied by a Sin (x) function

2170 also specified by the LUT 155 via the multiplier 210, whereby the output of
the multiplier 210 is subtracted from the output of the multiplier 215 by the
adder 225. Furthermore, as depicted by Equation 4, the real signal component
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control signal 145 is also output fromthe processaprl 2006
130 to a | ook up table (LUT) 155 which uses the gain
control signal 145 to provide the insertion phase
vari ati on conpensati on nodule 120 with an esti mate of

WO 2030020 se of fset that is introduced int &CTHE2004/014100
communi cation signal 150. Alternatively, a predefined

pol ynom al or any other nethod nmay be used in |ieu of
250t Isemttltiplied by taoSipf0 inueiont 28 snerifiedthy @ LWE 1phaiethe

T e

funets@nzitadlerspetifisd by tHeddUT 155 eia, thp madtplieot 220, wherehpjhebe

i ntroduced i.nt t he, c ni cati,o ignal .15 Ih
outii} 6 8h Tt S i B Herapi B SR oy PO
addebeggai n provided by the AGC circuit 105 may be

determ ned _on_a _continuous basi )y accessing the LUT
100355 Figups SiscrlioTeahapist § REAFRSA 300 spolaie SRR RIPIAERAY
con%\;llﬁtﬂﬁusif,ﬁrbomr&tf e EBaE o HhALD oiftkide sntashesd ahed a

e AGO circuit 105 to a phase offset_ estinmate.
conjry@gegtionisignab 130 reprivest hythe AGHsingnis 108 nkn sier 35 the 80
_ in i rd @i e L OB TQRR 20
oo R R B e e
circQitsliog ndjustsahpgaie of sconfmeniditipntsignat tifin esspensgiethegainp ut

romt 115 ,based an th i .. Si

conttybiiete] 6. s WhmpERer PRe et BB Mrcbblofinte,
thelcoinnaEdn isitnal 85(; OlRIED 825, mestingtabf tHeGhaye difiet KGO

circuit 105. . Thus, the nodem 12ﬁg]ihs H t Q&f ec ecg.kﬁ/
proyed ftHhe BesitionalesS AN Cyaprsh RamRedge 1205 igiq
of &Q%ﬂ@og@&%@&ﬁoﬂ% Pfﬁr/s{sé%zm/ 184 43 0tibM §hase variation

co nication system 100 is not degraded. Differen
conganmtioweocbﬂe\m@/ adjuptestbe phasenfrthe copmugiraon siggal L0
e [ il N
bacpl b2 o HTMMERL, P piopB0d MreatsdibnRuolis]
[008Gidul e WBe ithis linrckmsionhias jbpén pasicebBly dwn @udbdespribedand

.adders 225 d 230. .The . i.ns o] I.al mon:
it SRS Ps s Lo oSene ol B b ORIy e
theGRIEHN SBfioRbdhaapeh iaForimiagd details fjayrhe mMads thesdin without

conponent 260 fr the ADC! 1#3 gd _foii)at es the phase
depgrting igom;thmsiore Mg omREesy e? R egr ees (ei x)

as described by Equation*l below. (Re +jIm x eix =
(Re +jIn) x (Cos(x) + jSin(x)) Equation 1 [0026] The
outcone of the real output, R e, is described by
Equation 2




below R e = (Cos(x) x Re) + (j2 x Sin(x) x I'mM =7 apil 2006
(Cos(x) x Re) - (Sin(x) x Im Equation 2 Note that if
X is close to zero, then Cos(x) = 1.0 and Sin(x) = x,
as described by Equation 3 below Re =Re - Imx X
WO 2050%07on 3 A [0027] The output of the i mE§THER0)4/014100
output, | in, is described by Equation 4 below. | m=
(Sin(x) x Re) + (Cos(x) g Equation 4 Note that if
X is close to zero, then s(x) =1.0 and Sin(x) = X,
Whakiscbsmed i2ed by Equation 5 below. | me Im+ Re x X
Equation 5 [0028] Thus, as depicted by Equation 2,
t he. r ead cangaaicaidenpetento@aising nultiplied by a

Cos(x) function, 280, specifie t he .155 vi a

mul tipli e@ga’%i‘g’“’gi'fg‘“t%é“ F%ﬁ‘é’? H‘g(?? "éﬁ“ﬁ#?ﬁi’l%l%?%%lﬁ’ 8Sn{“n’§60
adjhsts OR dai bl Lebnbiyudicalidh digdalf the AGOPeing déhtailled by a gain

specified by the LUT 155 via the multiplier 210,
con{yobsighal 416 out put of the nultiplier 210 is

subt r act egh) hhqHkdrien QubRardftidnh@niPehddtidni @bdAd SvHvh
the adder 225. Furthernore, as depicted by Equati.on

continueysly rceuntemsichmahe effspionenphass affsajs introtyiged Wpjo the
2005/ 0] S, ' L)

cong e el o SR i e Lo e B RaY O
mul tiplier 205 and the inmagi nary signal conponent 260

is,multjplied b . Cos(,x funct.i peci fied

by 21 he THsroesRrRiopRiotth o B o 808" Rlabeg Py e

out put of (¢} Hiecaibt which esceR@dthecomaamitation sigaabintmp the of

the multiplier 205 hy the., adder 230. [00291 Ejqure, 3
AG{gcigewty SRe hapulst 6%5% dEé’é’ésesg]g ?‘Hﬁﬂ&ﬂ% UL &@s Signél
conlgPRiMEBHIged to continuously counteract the effects of

phase of fsets introduced into a comunication signal
150 recei (fdmpgnales tondigite] eenyprter GEDC) whicheteceipes aqdye

gain ¢ qrar%l i I h i Wc&ﬂﬁﬂ A8 tb REAB and
Ci rcui tcg% . ﬁhéagitggolg %@,Qtﬁg Al c?rcuitfgiOS adj UQStS
t he gaisigred canpmentsni cati on signal 150 in response to
the gain
3. The communication system of claim 2 wherein the insertion phase
‘variation compensation module receives the digital I and Q signal components

- from the ADC and outputs altered I and Q signal components having different

phase characteristics than the digital I and Q components, the communication |

system further comprising:
(¢) a modem which receives the altered I and Q signal

components, the modem including a processor which generates the gain control

signal,

4, The communication system of claim 3 wherein the processor

calculates how much power is input to the ADC.




control signal 145, the adjustnent causing a phasgapril 2006
offset to be introduced into the comrunication si gnal
150. In step 315, an estimte of the phase offset is
rovided to the insertion phase variation con?ensatlon
Wo’ﬁ‘f? #0494 120 as a function of the gain coGTSIS2W#EHL0
145. In step 320, the i nsertion phase variation

COBpensqy nlr%g%ﬁij%f{éﬁaﬁ% A PRerBRAE 119&feri§1tﬁlephase

connunlca Ion S|gna on the provid
vax@:iam@ensﬁ@nmwbmc@a@ thegigihald and thoamnﬂmta 319131 the

ile. this |
A S PR e St R R Al A0 A% aRBEldononts o a
furptied efthe gaiidoatkioh®phd, it w Il be underst ood by those

skilled in the art that various changes in form and
details may be nmade therein without departing from

t e, SCopge @fimhiificktiorsybicalofdRsay 1 fietheh ebxﬁbfiahgve 7
April 2006 WO 2005/ 002074 PCT/ US2004/ 014112Q
Wiat' i s clpmeeeessor whichgeg gRinfAenEry %18%‘

conpri si ngdy {133k 8P taH Q) ik cSRMANKAHbA %th(tﬁ%}'ocessor
circuit which receives an adj usts t he of

~and ¢herimsertion phass gardtiont mmwtﬁ@l mgdalen Ffrvé dﬁhﬁ}lgf
in nt | Rhas
recb e BA & Brob @ oS g bbes e HELCPABERR ot the
pham offtets tocths utslaﬂzlcmfﬁlmse writiop kaspershfige wdileas o ﬁm@dﬂ
nt o, t he Q ni cation signal by the AGC circuit,
BE@W%H“P@%% n control signal. 2. The communication
systemof claim1 further conprising: (c) a receiver

mhlch recei ves the connunlca si_gnal fro t he
ci rfeui t Thih GOBmYRIRREL0R TSR ﬁ %H&Js f"?‘ aﬁaiﬂﬂ%‘gc
estittes irdhRle 28 ﬁﬁ"f@ﬂ!ﬂﬁﬁtaid aﬁ(ﬂﬂ fﬁﬂ-):mﬁ'bf Q'ibﬁh&goﬁ's@t g gital

converter (ADC) which receives and converts the
anal og | and Q signal conponents to digital | and Q

si gnal Vé:&%ﬁﬂﬁ?%tm’il syStath FUEUY PRd-bRNhS YA hase

cl am2 wherern RSertlon phase” vari at | on
vamm:mmﬂ:nm@enammmnmmdluhz has e@eal e, inpait dssyciabdd with a digihal in-

nents om.t he. ADC d, |
ph%f.ﬁg Qszgp%q ﬁ%c,:“ag iimaginag gy of e?)HE %’éo%la@écf &it8C%
quadrature (Q) s1gna1 component and, based on the estimates provided by the
LUT, the insertion phase variation compensation module outputs an I signal
component having a phase that is adjusted in accordance with the following

function: (Cos(x) x Re) - (Sin(x) x Im).

9.  The communication system of claim 7 wherein the insertion phase
variation compensation module has a real input, Re, associated with a digital in-
phase (I) signal component and an imaginary input, Im, associated with a
quadrature (Q) signal component and, based on the estimates provided by the
LUT, the insertion phase variation compensation module ocutputs a Q signal
component having a phase that is adjusted in accordance with the following

function: (Sin(x) x Re) + (Cos(x) x Im).




phase characteristics than the digital | and Q 7 April 2006
conponents, the communication system further
conprising: (e) a nodem which receives the altered |

n i gnal conponents, the nodemincluding a
Wm@?sgoe’gé’ior whi ch generates the gain contr@FT’Ug?Oﬂﬂ%\‘I“?“M.

The comruni cation system of claim3 wherein the
processor cal cul ates how nmuch power is input to the
ADC. -7 7 April 2006 WO 2005/002074 PCT/ US2004/ 014100
5. IPhe Aovirelessteanismit/regeivewnib{WERE) eomprisiegei n t he

i nsertion S - At i .
el ves (HaR e Fih b RABS BB M Bjres and
adjasd thé tainf & bemmhaketiahsigasl Hrd AGC bsingfeonthelledibgyiat galin |

Dznog clqnggnents as a function of the gain control
condt9y %25 82% The communi cati on systemof claim1 further

conpri Isi ngs) a(nlcizns&tighqﬂa)@s(s Qﬁriﬂli(ld»xc bm@pe{)mleamreﬁﬂﬂg vejsthn
contraql signal; an ajlo up,t abl.e J
contBATHY coPrPERRacks tthetﬂ%fgc{ﬁr B‘Jcagéﬁfr offsgig) 1 H&*&‘Fﬁ%é Jnbe dhe

conRBRRaMEH éigﬁil‘lﬂ_tﬁ@mbiﬁmt%s@& dHltBe gt Rb:2trsl stghal LUT
receives the gain control signal fromthe processor

and provides estimtes of the phase offsets to the
i nsgrti Wﬁﬁﬁ 1 afd ..on nodul e as a
fuﬁ@tioﬁﬂe of t %fvcg@lnﬁidc%;’tthr%ﬂ s]; gna?. 7. The
communi catd) emesivet whichfrecivas thecowmeurdeationisésnst Bendbel
: timates Jnclude a Sin functien and t.d of
Ack? B S Bty =Ryok TRpRSs, O B Bt eRx] 1Af et
corSpoeftsyambher ei n the insertion phase variation
conpensati gn nodul e has .a_real, Re,_ iJpyt .associ ate
with a di d&l an aP;ng ih 3@%’“& PR Z@@g FFHB?Peﬁetce‘é{ﬁ%&‘é
convBRE! tlﬁé Fdhaldg"T alnBPYtsidns QempbRchtyvith MigitalUadd af Wighal Q

si gnal conponent and, based on the estimtes provided
compgonents. LUT, the insertion phase variation |
conpensation nodul e outputs an | signal conponent
having a phase that is adjusted in accordance with the
f ollRowi e WTIRGt ¢fonkainy Thotherein Re)insertign rghape yarigjion 9,

The.co ication t Js '
contyebaigie o 8o R AR BB Lind Qelal HBELHR S0If the
ADCeahd bilputs alRered de:dol aighdl worhporenth hating different phase

. characteristics than the digital I and Q components, the WIRU further

comprising:
(e) a modem which receives the altered I and Q signal

components, the modem including a processor which generates the gain control

signal.

13.  The WTRU of claim 12 wherein the processor calculates how much
power is input to the ADC.

34, The WTRU of claim 11 wherein the insertion phase variation

compensation module receives the digital I and Q components from the ADC and

9-



phase (1) signal conponent and an imaginary inputzAhfl2006
associated with a quadrature (Q signal conponent
and, based on the estimates provided by the LUT, the
_ i nsertion phase variation conpensation nodul e out puts
WO2058:0T49nal - conponent having a phase t haPCTASAM4108
in accordance with the following function; (Sin(x) x
¥ ikt of £13 afeidP ¥ hhd BANEpIMIn BN RN
ﬁt%w%%%%ﬁ?)o 10. “A V\%ll‘ eFessét raﬁsmnt/recei ve unit
the(galiRintwbsignalsi ng: (a) an automatic gain control (AGD
circuit which receives and adjusts the gain of a
communi cation signal, the AGD being controlled by a
gails. Chind WalR(Bofghedin 10afudtheb yomapridsimser ti on phase
vari ation, conpensati on. nodul i ch. conti nuoysl
count er actd S Hueapt BBy Bidiieslbe gt cBREb ARSI
ibnt odt he (%qrrm' ﬁﬂibﬂmtfﬂ)waémiﬁﬁﬂchﬂomh athe @blcic]tcassor
ased on_the gain control signal. 11..  The WHRU, o
anc; (thy Fseriqnphiner VTR Qmgrsatiop mofeeer ?91‘9#]1% HUT
rechiS6EhY gaintdaﬁtrs&@mm oA the Brozb&bRhnd H8MdbIEtintMEER of the
~_circuit and outputs anal %%@I n- phase (1) and quadrature
phasepifssisiiedhe inserhisnpbasevariatign compensaiermedule gs afugiction
r (ARG which receives and converts the
Oftggg%{%d%ﬁ{rglnggg si gnal conponents to digital | and Q
signal conponents. 12. The WIRU of claim 11 wherein

t he i nsgr td Se riati co nsat i.on. | &
Fodd) vethe WERH RS Y% Re e TR BB R R adin
funklién aiDOCanthnetibpolt Spladsk effed, £. and Q si gnal conponents
havi ng di fferent phase characteristics than the

digital I and Q conponents, the WIRU furt her

conp! i STROWKEY & IRFCTs WHesdin 06 Shy@fioh 1Radd kreFietod
and Q signal _conponents, the nodem incl udin

comppepsaiipnanodiie bes akenb Re: mput prsogatied viidis digjtal 3 'rrgwﬁ? D
o ity ;
SRR upg}e}g%% lﬁwﬁbﬁgbﬂnme’\rﬁf@%\:sibﬁﬂat@&t ‘gﬁ?%gﬁi&rma.m re (@

signal component and, based on the estimates provided by the LUT, the insertion

phase variation compensation module outputs an I signal component having a
phase that is adjusted in accordance with the following function: (Cos(x) x Re) -
(8in(x) x Im).

18. The WTRU of claim 16 wherein the insertion phase variation
compensation module has a real input, Re, associated with a digital in-phase (I)
signal component and an imaginary input, Im, associated with a quadrature (@)

-signal component and, based on the estimates provided by the LUT, the insertion

phase variation compensation module outputs a Q signal component having a
phase that is adjusted in accordance with the foliowing function: (Sin(x) x Re} +
(Cos(x) x Im).
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14. The WIRU of claim 11 wherein the insertion ph;agﬁnl 2006
variation conpensation nodule receives the digital
and Q conponents fromthe ADO and -9 7 Aprll 2006 V\D
2005/ 002074 PCTI US2004/ 014100 alters the se

WO 2320 eristics of the digital 1 and Q cSE‘E@ﬁ@H‘f"&I‘“‘QQ a
function of the gain control si gnal . 15. The WRU of
cl ajgn 1an1H bd CRORE I@) a processor which
gener at es t gain con Si gna% and (d) a ook up
tabl e (LU ammdgmtm gmtcpﬂmh%ﬁlﬁl) cheuip whadhgrsesives amd

[ c :
adfglfs IRl ARt B B RO BARE LB, Fegin
coithd sjpnatieador and provi des estinmates of the phase

of fsets tg . the.inserti.on phasg variati on conpensatipn

modul e as B PUIRETOR PUFe CREGS ARRTERBPS STGHs Thirs.
coﬁEhﬂmMBUcdﬁfntéi'h@b MhbkSeffdity of rphtakw offséty | eddasdd tmb eihe

i ncl ude a Sin yﬁﬁgc n and s function o{ ) qhase
congruugeption signgl b A%E%er%le t, baser 4n £he GhH<RHOL sign

i nsertion phase variation conpensation nodule has a

real, Re, input associated with a digital in-phase (I)

si il dberpoabeleinahfuather semprising, Im i nput

associ ate GHAGY ]

Sc)\g'rg ivbr RS th &% Ing:ﬁicxlﬁ Qﬁorﬁ e&l{_hqur%ﬁ{t e

"~ and, based 'on the estimates prov

AGChsinctit omd patmds \emalogt inophase nfbe nsdt diimdrabntal @) oeugl;ﬁlt S
an | signal conponent having a phase that is adjusted

COPRPTEE D nce with the follow ng function: (Cos(x) X
Re) - (SI d)xdn ¥nhley to Bigital eonvaFist) (ADCY Ivetiith t€rcivbemeiln

thel on phs variation onpe n ul.e has
conyrs he, HHHE | KB QoSG dompongrin b OPBL Lieo O e
cothponenss, gnal conponent and an imagi nary input, Im

associated with a quadrature (Q signal conponent
and, based on the estimtes provided by the LUT, the

i n%grt i o R 1@1%@ YA | W&r&ﬂ”ﬂﬁn%@t‘?ﬁﬁ dud %%heﬂt s

si gna nponent havin hase that 1s adjusted
comperaghiar nlmdule memtes tthe di‘glﬂal bamm@ sfigned coponend; from)thg

ADBe g.u&'- out(pogs gffgreé II :Md Q s1gna cégponengs Qa(.svmg different phase

characteristics than the digital I and @Q components, the WIRU further

comprising:
(e} a_ modem which receives the altered I and @ signal

components, the modem including a processor which generates the gain control |

signal.

22.  The IC of claim 21 wherein the processor calculates how much
power is input to the ADC.

23. The IC of claim 20 wherein the insertion phase variation

compensation module receives the digital I and @ components from the ADC and
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WO 2005/ 002074 PCT/ US2004/ 014100 19. An integrat e}dApnl 2006
circuit (1C conprising: (a) an automatic gain control
(AGC) circuit which receives and adjusts the gain of
a communi cation signal, the AGC being controlled b%oa

WO 24307 ont r ol si gnal ; and (b) an inserti ERTARLH4
vari ation conpensati on nodul e which continuously

SR L PRAR fattr B U ARl cRERTBATI & § REMEGRr
thé)gésadomoltstalagal n control signal. 20. The IC of claim
19 further conprising: (c) a receiver which receives

t he conmuni cation signal fromthe AGC circuit and

out puts anal og i n-phase (1) and quadrature (Q signal

conmponents; and (d) an analog to digital converter

(ADC) which receives and converts the analog | and Q

signal components to digital I and Q signal

co onents., 21. The | C of claim 20 wherein the

i t i &he hhakdaipm}g W%CUIEB%@ﬁsatl on nodul e

fece' ves Yé}%ﬁb&béo@'whh %tééﬂi% it QPR §BhSL; AP

the ADC and outputs a tere and Q si gnal corrponents

havi ng di f{d)ex leok up ke (LIENHdnzomainigation Witlaetrrecessor
am‘ii tgé t]ﬁéerﬁoﬁ‘%g % G&mQO%eggﬁv%enEEﬁon%Hujeuw %m i, & LUT

conprising: “(e) a. nodem whi ch recelves t ed |
recaives PePainahtrotcigmd hent the prdn:essm d:edrpmvniesl elstn:gams of the

P BB L AR S BB i i

of halgail @he®] figwalmuch power is input to the ADC. 23.
- The 1C of claim?20 wherein the insertion phase

variation conpensation nodule receives the digital |
andysQ coUpEngNEIsirl PWHAn ARCH A khtifhnbilibhudO RGO
2005/ 002074 PCTI US2004/ 014100 alters the phase
- Tunstiom and a(Gog finstion pf 2 heasgioffsetak. | and Q conponents as a
function of the gain control signal. 24. The |IC of
claim19 further conprising:
26. The IC of claim 25 wherein the insertion phase variation

compensation module has a real, Re, input associated with a digital in-phase (I)
signal component and an imaginary, Im, input associated with a quadrature (Q)
signal component and, based on the estimates provided by the LUT, the insertion
phase variation compensation module outputs an I signal component having a
phase that is adjusted in accordance with the following function: (Cos(x) x Re) -
(Sin(x) x Im).

27. The IC of claim 25 wherein the insertion phase variation
compensation module has a real input, Re, associated with a digital in-phase (I}
signal component and an imaginary input, Im, associated with a quadrature (Q)
signal component and, based on the estimates provided by the LUT, the insertion

phase variation compensation module outputs a Q signal component having a

-19-




(c) a processor which generates the gain control 7 Aprii2006

signal; and (d) a look up table (LUT) in communi catl on

with the processor and the insertion phase variation
ensati on nodul e, wherein the LUT receives the

WOZ@%?(%"%mrm signal fromthe processor af§THSHIFBIEL0

estimates of the phase offsets to the insertion phase

phae Itmﬂl@adﬁ%@ NsRbidaRcIREN ke ﬁﬁo@nfg%woﬁn(sﬂ%)  RE) +
C{%gl n control signal. 25. The 1 C of claim 24 wherein

&) ¥A®¥i ded estimates include a Sin function and a
Cos function of a phase offset, x.' 26. The |IC of
claim25 wherein the insertion phase variation
cond®ns dni 2 commynicatidrasystem éattludi% anj aysomnatis gaini @nbol

t
(A\@n(% tr}lr@mglugi :%.Iﬂns r?fmq ?ﬁ asg: éfélél%%?n cg \Ble %183‘%&@ £.3 1%1:;@10?5
coghgno;isl)f ngmtmgnﬂhp &t ob phhde oﬁ‘sdtf natreduqed otritel ed
e 1 ON ase Vv atl on
coptmRe st G et A e e B onen
havaamgromw@g@mtebaﬁml ﬁg‘:?dl]télﬂieqm@ gir@ggor dance with

e R Do A o i en b

SIQ’KHI 'ﬂ?és?ﬂnse% "tRE %§§1t éoﬁ&oﬂ?igﬁéle PR ?st?a%ﬁ{z céﬂm?g a pRise

associ a digital rn-phase

Of@@ﬁﬁﬁdlﬁrémf"hw@d Hﬁﬂ theagpraravnicdtinpsignalim  associated with
est | ng{:o@ﬁcﬂﬁ %stxdﬁ%tg nl?J th%olfﬁa%e etal:.bd th‘% %%s%gm hg&

tes p e 1 nsertion
vamtmatmmpﬁmamneméuhema arfooietion of thigitin cantf@l s1@ahl

EOTRORS oS ths S ridish ABptrsebnmad e AR o6 st o

of thd ddninieniéatidnQinial bh4sdhi tae prdviied EXmytdRand +  ( Cos(x)

nication systemi ncl udi ng an

., In aco
aut(gifﬁp?%%wpsé%m (AGC) circuit and an insertion

phase vari ati on conpensati on nodul e, a nethod of
continuously counteracting the effects of phase

of f 8%t s Thameasherbefiaing 28 wherebnihe mr@adedowt:m@ﬁ Ficlylesahe
\ di
sinfinctibh GHd b cok B&cﬁﬁﬁ bpg Pﬁ%&%&&tl e u( a) E’L;’V't hlen%G?:

gain control 'signa it;
CIrCUIt receiving and adjusting the gain of a

o vl hasgnpdol s BLUERRE T MRt ARl 8
compér[saﬁbu@ eRdilehas b hé‘alpﬂﬂmut@aédcﬁﬁeeﬁvﬁﬂ aldigital in-phase (I)
signal component and an imaginary, Im, input associated with a quadrature (Q)
signal component and, based on the estimate provided by the LUT, the insertion
phase variation compensation module outputs an I signal component having a

. phase that is adjusted in accordance with the following function: (Cos(x) x Re) -
(Sin(x) x Im).

31. The method of claim 29 wherein the insertion phase variation
compensation module has a real input, Re, associated with a digital in-phase (I}

~ signal component and an imaginary input, Im, associated with a quadrature (Q)
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(c) providing an estimate of the phase offset to 1Agrl 2006
insertion phase variation conpensation nodule as a
function of the gain control signal; (d) the insertion
hase vari ati on conpensati on nodul e adjustiﬂg t he
A/ USHE

'wnzﬁﬁgggw‘ofrthe communi cation signal based!§ 4/014100
provi ded estimate; and (e) repeating steps (a) - (d).
A ' ' RIUPY kKeRsert
s o b R ortion
phasfe variohias eompérsetion modsl:. outigs ae@ kisnabsoneoaent baying a

oie wriplian sonpérsetio e igtabto _
R L et e L A R

(Costwyptiase (1) signal conponent and an imaginary, Im
i nput associated with a quadrature (Q signa
conponent and, based on the estimte provided by the
LUT, the insertion phase variation conmpensation
nodul e out puts an | signal conponent having a phase
that is adjusted in accordance with the follow ng
function: (Cos(x) x Re) - (Sin(x) x Im. 31. The
nmet hod of claim 29 wherein the insertion phase
variation conpensation nodule has a real input, Re,
associated with a digital in-phase (1) signa
conponent and an imaginary input, Im associated with
a quadrature (Q -13 7 April 2006 WO 2005/ 002074
PCT/ US2004/ 014100 si gnal conponent and, based on the
estimate provided by the LUT, the insertion phase
vari ation conpensati on nodul e outputs a Q signa
conmponent having a phase that is adjusted in
accordance with the follow ng function: (Sin(x) x Re)
+ (Cos(x) x IM. :
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