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(57) Abstracl: A communication system (100) including an automatic control (AGC) circuit (105), a receiver (110), an analog to

& digital (ADC) converter (115) and an insertion phase variation compensation module {120). The AGC circuit receives and amplifies

communication signals (150). The gain of the AGC circuit is adjusted.

The AGC circuit outputsan amplified signal (145) to the

O receiver which, in tarn, outputs an analog complex signal to the ADC (115). The ADC outputs a digital complex signal to the insertion
phase variation compensation module (120) which counteracts the effects of phase offsets introduced into the communication signal

due to the continuons gain adjustments associated with the AGC circuit.




Abstract: A communication system (100) incl 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
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. circuit is adjusted. The AGC circult outputsan
Publishea2NPl i fi €d signal (145) t0 tHG.NRSG &N Bl oMUssRintichd Yeftr @R “Guid-
—  with DlrbqdoktiSeativer@amal 0g conpl ex  Skcgiiek on Calesth¥@bbAlNdors bhp2aying althk@egin-
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claimp F4 SebeFEKH 4L ot CohPer&at’i on nodul e (120) which
amendments .
counteracts the effects of phase offsets introduced
into the conmuni cation signal due to the continuous
gain adjustnents associated with the AGC circuit. 7
April 2006 METHOD AND SYSTEM FOR CONTI NUOUSLY
COVPENSATI NG FOR PHASE VARI ATI ONS | NTRODUCED | NTO A
COWUNI CATI ON SI GNAL BY AUTOVATI C GAI N CONTROL
ADJUSTMENTS FI ELD OF THE | NVENTI ON The present
i nvention generally relates to wireless conmunication




systens. Mre particularly, the present invention7 April 2006
relates to digital signal processing (DSP) techni ques
used to conpensate for phase variations associ at ed

with automatic gain control (AGC) adjustnents.

BACKGROUND I n a conventional phase-sensitive

commruni I Al ecel utgmatic gain
contr ol %b 'n o ? ]% as a
[ - i T [ ncy (RF)
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si gnal . '
is applied to the comrunication signal. In the anal og
domai n, the anplgityeés PHEME/ERPHNN cation signal is
mai ntai ned within a predefined signal anplitude range
and i $hé¢ peseonveartiontbehoradly dielgtdsao vairgiea| cohym@aricatial og
to digital converter (ADC), which also limts the

- systgmgn Hora mertieqlady r hegeresaelnypniden ir¢latesf tor tigitalasisnsl t o

mai nt &y anstant .power |evel. at the input to the
prociyoe GiSE) efiiava ihed B rnepBet® oy e Teritipng pssogiated
with Boffitegdid &indrdl (LG CE adfuBh&atl on signal which
: degrades the performance of the phase-sensitive
comuni cation system A nmethod and systemis desired
for canceling the phase offset of the conmunication
signal caused by aﬁ%ﬁﬁ@@ﬂ@ AGC. SUMVARY Exanpl e
e [ : esent | nvention may .be :
e A SRl dlal B LERAN LRI RROTBY R o poctver
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digital converter (ADC) and an insertion phase
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outputs a digital conplex signal to the insertion

and jshidse conveited fom deteheasd by an amelbglte digitabimvatar(tBQct s
wm%lg%ﬁ%: tiis %Eg:ﬂgg ?}3}%]_1%1]; c-:-Slt'eathée.I ’Fl'tner 0 Cjigc%i%g olf r% e(? At(p(? 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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due to the continuous gain adjustnments associ at ed/ ap2006

the AGC circuit. The analog and digital conplex

signal s include in-phase (1) and quadrature (Q signal

conmponents. The gain of the AGC circuit is

conti nuously adjusted in response to a gain control

signal. Estimtes of the phase offsets are provided to
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cotreapailh Hnatd SR (PRAFERNST pRHIThAY, HEve the
digitah { iaatl i@ rszgnalmmbnﬁ Nromdhé ADES and butpelk |a§|1ﬁrsalf I ax.lfde Q
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whidhi rgeeialks the slngam amqugmhctonqmdema Theagodedt may indlude a
i nput _associated with a Q signal conponent and, based
Procgisoy Whicagenpraiesshs eai atrol %911%1%11%@?0659%111% sdlelpten
how%?c%%o%@fis% ﬁmﬁﬁsatl on nodul e may output an |
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i and a Q signal conponent_ havin phase that is
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control -2
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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7 April 2006 (AGC) circuit which receives and adng@ﬁ1mxm
the gain of a comunication signal, the AGC being
controlled by a gain control S|gnal and (b) an
insertion phase variation conpensation nodul e whi ch
conti nuously counteracts the effects of phase offsets
i ntroduced into the comuni cation signal by the AGC
(AGE) krtiit whidhareeavesaidadjgsts the @ain' ¢fl a Sdn@fi@hicatidh signal,
ccordance wth a second aspect of tE present
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ba“@ﬂ¥‘ spleRteh¥igttlase vari ati on conpensati on modul e
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provifeel A@Telpss trahtmitheehd wit (mgmdmmﬁmg“ (xi) afi agid@hatid n
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gain r?%?fg% 3%8“5“ heFaug gv f}r ORFCHERP ﬁ%@ satthY @aincof 2
I r {6
combhirlcaio e, P 2GR by MHATRL L6 FPHE SORHY a5
() ewnmsariicatihoage saaglaabn combens&% bmmh@e C\Ohlbh ojohﬁﬂuday;lya
ain c sertion phase,

counbenacts ﬁ}?t r@“& ﬁ@gﬁ% a'?tégi;ﬁfg AnOothe; sfsREpgation
sign8PHYhe gt &rétﬁﬁ p&dienlifie Qdin QM&% i sets introduced

into the comunication srgnal e AGC circuit,
badediconrdaive wthm tlond mepect iof mhé présenammndmctélew ih a
invention, there is

Pm"bff A amutsfater SemniicD éﬂ?ﬁs@ﬂé&% s(e%mllwr%tﬂcngmaﬁontml
(G Lot {whicBAeBei GO iR o&bIFUY éon&}ﬂ&n fgg{a&' on

phase variation conpensation nodule, a netho
the 4661 beinw owityolled lhsrtaegantcom@olt shgaaé‘f dret (s aofingertier phase

bR e S B S Al "
pha@3bfefORiFdluced SR8 !thd QorhRemAGHos] 'sfggle by tﬁQ)AG@ Qb3

circuit receiving and adjusting t gai n of
ba&d@mﬂhﬂg@aﬂmmwdbmgmél in response to the galn contro

biord 18 h ffs b
P Bsiedeie M L EERD SR 9P JRORRE ifentic,) here S
provited\i dico@namiRsibh BRiten ofclidife Bhasenafticsain dodtloh@GC)

circuit and an insertion phase variation compensation module, a method of

continuously counteracting the effects of phase offsets introduced into a
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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i nsertion phase variation conpensation nodul e as AApril 2006

function of the gain control signal; (d) the

i nsertion phase variation conpensati on nodul e

aqog usting the phase of the comrunication si gnal based
WO 28R/00H& provi ded estimate; and (e) repeafCRYSWPEH4190 )

- W 7 April 2006 WD 2005/ 002074 PCT/ US2004/ 014100

[0012] BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0013] A nore

[00tRt ai | ed uBRIESIRBSCRETION OF THE BRAVOMNGRy be had

omthe f W, ng,descri pt.on.of refer
{00@ anpl & mﬁYE\C})iI@I;?JOIES; “ag‘ifstéf@@%&ﬁtg’ﬁ énvgﬁ%n?l(ﬁ% e fl%ﬂ%oer?g “ood
 following @Bjckipeibh 6k Pietdirddaanhpls Blven bi Mgy Of exsinngle ahd todien:
0014]. Figure 1 is ahbl ock drlg%g;r m of a. communi cati on
unulm? icARIREHgRgVikh, the sreappanying, frawing Rherein: o
[poFANPENSALLRN PPk RAin SRNSRhTmMatioN Hasen Richaieissan

. introduced into a comunication signal by an AGC
insertioe phasd varkgion compersafior madyle thet sanagls QPR Pifpets

intxiL)QQJeﬁ knth iag%géiéaﬁoﬁ‘ E?igtﬁélg:lfﬂn@[c}’c GRARHHYE c@fﬂaﬂl@e With the

nsertion p variati conpensati on nodul e of
prefeng inventipn;and [ 0016] Figure 3 is a flow chart of a

Jncl udi t L.yl . i
o0 n et hd A St BRAREALRE ot Pho MBHIGLOUTY
variatiof companativninodtle@f Figugadj addy t he AGC circuit of
' . Q17 TAL LED DESCRI PT.. ON,OF .THE PREFERRED
008y Wkore 3 e vk 8 EROSa P TR P R BT e

confABLARY, a0EntRYet efhet REbctS AT @hiscO Wikets hivtijdas@l into a
difference introduced into an RF or | F communi cati on .

comanyyrieationsignal by therAGC etrewih ad Figwie her f or ni ng AGC
adj ustnments. [0019] Preferably, the nethod and system
di scl osed herein is incorporated into a wreless

(0017 anPRTAILER AIRSCRIFITON F RRFEERRED EMBOPRIENTS
iacludgs but . is neot || [ Ly
ool 1" aeniod PRl g S o sl Hotcitb BEiIs ot
the pageidiffatn®@iytratieed inty me RBfor Hbcwnmeurdestimblsignel, (i.e., data
operating in a wreless environnent. The features of
Str_ ’W@g’ﬁ’?“’?grﬁéﬁlaﬁ-ﬂﬁ% ®be incorporated into an
[0019)t egr@efREably, the method and system disclosed herein is incorporated
into a wireless transmit/receive unit (WTRU). Hereafter, a WTRU includes but

is not limited to a user equipment, mobile station, fized or mobile subscriber unit,

pager, or any other type of device capable of operating in a wireless environment.
The features of the present invention may be incorporated into an integrated
circuit (IC) or be configured in a circuit comprising a multitude of interconnecting
components.

[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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circuit (1C) or be configured in a circuit conpriBsABEl2006
a nultitude of interconnecting conponents. [0020] The
present invention is applicable to comuni cation

epgs using tinme division duplex (TDD), frequenc
WOZ@%&“@%n dupl ex (FDD), code divi sion rrul)P Fﬂs@%ﬂ% s
(CDMA), CDWMVA 2000, tinme division synchronous CDVA
(TDSCDMVA), orthogonal frequency division nultiplexing
AGCQEDME 105, 4 hecelviek 310, fr00R0dg i djgital convertex (BID0K 15, an

. di,agram of ,a .conmunication S 100 [ add [

insGtB0 oAt Er RHER SR a e R TR mOfiet B heidtio

cir@!ﬁlﬁ/ﬂ@?;%%ﬁ;a ADC Ut mag e idcorpofited lintd GO&IWAD 1200 3he @2y 4

. P U 4/ 014100 AGO circuit 105, a receiver,,110, an

circuitA08 gayangp %wg@gw%%ﬁrm&%@;e g5 stagps- Herihoppms,

theRRRSEon M As8 ¥ 4198t HBRRRERR A PodBIURe mb Be aftdrraratodiio
125. The AGO circuit 105 and the ADO 115 nay be

. theimedspptA®at ed into receiver 110. The AGO circuit 105
[oog?y e Ingygr n 3 9% {001l Be b R oS AU 00k hit ki leRlk €sdRi imuch

ages. ernore, the insertion phase variation
povopipiapsitoi tba ARSHLISe The Gradami@s rensiyiep enraplex ] ppd @ signgb
node 140 0022]., Th A
conl S 185 e B DB A PP e rcesnal
120AREY, Yribproddseor i3 esntd@s argairetontre] sigmgl| 145 t¢ thendGCristughal

c onents, 135, 0, .fromthe.ipsertio as, L
108, R R SR Sy ot ST Wkl PORIfeC et
105%3%et tﬁgaﬁgg?d@ of@h RF@adbof IR cosirgidtativhzigral 15E PieQ@ain

Cl I cul .

; ( The gain control signal 145 incju

congrgl signal d¢o is alseentpyt frem thmc’%qf»?%&%@ to &é@it%’q:%@ﬁ ?’?ﬁﬁ
b | b GAL A8 §iba

155?%&%%%952{3 r?% ﬂ}: ?r’ﬁﬁ}‘ %lrgi%?afgz nla‘%llg 1?4 [ sbgiagc} out putriﬂl fa?_eom

varidiengoopesetion 13dutecl 2 withorn efinats obthenbmye offsst thertiiz h

., uses ;t.h in . Si 54 [

i8R, 5, 08 BB b o HRRl 1362 ARG Pficfned

polymdntialor agtotwatieethbd niny hehaskiroliguseithe REXT 155 to provide

tho PRI (hePRReg e der | ned pol ynom al o any of her
[000%t hedcBihetBe dsi@devdl of ilRWal! sthfes)dfthd ABCt drepitdvdb de
changed, an associated phase offset, i.e., phase rotation, may be introduced into
the communication signal 150. Thus, an estimate of the phase offset (x) as a
function of the gain provided by the AGC circuit 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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the estimate of the phase offset. [0023] Each ti meabAE2006
gain level of the gain stage(s) of the AG circuit 105
is changed, an associ ated phase offset, i.e., phase
rotation, may be introduced into the conmunication
WO 2005002074 150. Thus, an estimate of the phadSTERIEEEIIN,)
as a function of the gain provided by the AGC circuit
105 may be determ ned on a continuous basis by
theadeRs@iBgidnheystddl 1065s mt degehdbd.n ddiffordny rgmm dvelsowilhny

. other_ _nmethod that can.hap a full,. range ACGO val ues
introduerqifferegt ﬁﬁlflt?%?ﬁé ‘%@ﬁ%&’m‘i‘?"aﬁ 1@1@1 Q%Bh ase of f set
[oogst | ﬁ@ts%owEQQZﬂiPm% guite iRsdfionphare exaampdaEimpensation
confi%[gurati on of the insertion @hase varj at i

moddapahinstudesmudintiess 205021 2Lh 226 and adders, 0. The

; o5l ' ' QENMOTEnal a
insGRBh R SB1at o8 ofplrliftion mblile 120 kiBRes SUTMATGnl

contponeite2i§aind asomagiiars (igmhe signs] carapansnt 36¢ Homrthe ALC

he ef fec ' e Of | ot od 4 ix
15 SR R B bR AR 1B s o0
as ddatishedtlyEqudiem1tbovi:s not affected by the phase
offsets ang t perf or e qf -4 7 April 20
(%/ﬁﬂﬁﬁgeﬁﬁ)@gﬁgﬁf%&%g t he communi cat 32%%%13% em
100 is not degraded. Different gain l.evels wll
IOO?@% r ae'étcalmﬁpﬁfb@ﬁ?alg)éﬁtwto Pt S‘f%eaﬁ%‘/fﬁequaw‘m 2
bel&ﬁ_mmni cation signal 150. [0025] As shown in Figure 2,
the insertion phase variation conpensation nodule 120
& in |, tds pld: - - (BROnangpadders 225
Rea‘n@og(%g.§ P{ﬁig‘(ﬂ%nségr Fgﬁ%r(gisgx)vxgl}%at(ig%%ﬂco )gnsa_lti on
nodul e 120 receives a real (Re) | signal ¢ alien?

2 and.an | I na i | ' + GQ : rom
Notg{gefipe i Hoss Bt e Costh) i Gl SinGp TR A EPherR Y
EqeiidPieddéw: Re and jImby x degrees (eix) as described

by Equation 1 below (Re +jIn x eix = (Re +Im x
Re(CR8(Fh »xx j Sin(x)) Equation 1 [0026] The ouffyaationnd

the real output, Re, is descrAi bed by Equation 2

[0088! OWhe output of the imaginary output, I m, is described by Equation 4

below:

Im = (Sin(x) x Re) + (Cos(x) x Im) Equation 4

Note that if x is close to zero, then Cos(x) = 1.0 and Sin(x) = x, as described by

Equation 5 below: |

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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Re = (Cos(x) x Re) + (j2 x Sin(x) x Im =_§Co ( 7)Aisn12006
| X is

Re) - (Sin(x) x Im Equation 2 Note that
close to zero, then Cos(x) = 1.0 and Sin(x) = x, as

descri bed by Equation 3 below. Re =Re - ImXx X
WO26308%7bn 3 A [0027] The output of the i nRGEHEFN)4014100
output, | in, is described by Equation 4 below. | m=

(Sin(x) x Re) + (Cos(x) x Im ]%ﬂation 4 Note that if
250xisi multiplis® by o Sizf), funtiem LWséperitied by Had- & APR victhe
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conﬁﬂmﬁs@ftc%aneEM fihe eEUEt@ usf %ﬁlaﬁé" SffEbist itkdRiced Lintd)a

adder 225. Furthernore, depi cted by Equation

conrpunitaiongignad 1@}mpeltﬁ§1rhydh%ﬁﬁc-@cwtﬂ(95 i o e byihe sain
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unc spec LUT "155 via the
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the?:ﬁinﬂﬂinlldhfuolh @%nﬁllz%{? EII! ﬁﬁp 31%) anSes&Eh“ﬁd of ﬂl@tﬂiﬂsmoﬁ‘gmﬁs of
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of ﬂhh@éa%ﬁf%eﬁﬁsh 4i8nal COMBL | TWIQHS! 3207 QB LREG N (haseTitation Of

ase offsets introduced into a
compensatmn module 120 adjusts the phase of the commumcatmn signal 150

" based on the provided estimate. The process 300 repeats on a continuous basis.
[00301 While this invention has been particularly shown and described
with reference to preferred embodiments, it will be understood by those skilled in
the art that various changes in form and details may be made therein without
i

departing from the scope of the invention described hereinabove,
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communi cation signal 150 received by the AGC circppbril 2006
105. In step 305, the gain control signal 145 is
provided to the AGC circuit 105. In step 310, the AGC
circuit 105 adjusts the gain of a conmunication signal
WO 296580307¢ r esponse to the gain control sigRET/USE4/01410a
adj ust nent causi ng a phase offset to be introduced
into the comrunication s 150. In step 315, an
estimate of the phase oftfset Is provided to the
Whiathseldimedigghase vari ati on conpensation nodule 120 as a
function of the gain control signal 145. In step 320,
t he. i nseednmaaniehidsesystan adth@isingonpensat i on nodul e 120

adj usts t hase of the c LGati o i.gnal .150
based on {iﬁggap%w%gzcga&fqnﬁm%cgcgﬂg@ reggiyes and
adjifth O $ai® Bf AconBiiuhioatiiissifRgd) the AJOPAG cothidlied bhiagain

i nvention has been particularly shown and descri bed
confijo} signadi &dence to preferred enbodinents, it will be

under st oo By ihElé%ﬁgn Z)ﬁhéé Saidtin dohfpeasdticnh@bdarods
e

changes in form an tails may be made therein

confinuéwesly; cowregencts e feffeptst ofepkasspeffsghs infEodused it fhe

' . ' T j / 74
conpEFHBR A B B RS ietiitibtd P el e
communi cati on system conprising: (a) an automatic gain
trol,( AGC I, it ' [ jUsts th
gafn' of T SCRmEHTEPIegHem o afn TR e S e
control | e@) byecaivgtivhich eaniveothestignainicasion sighpl faom the
AGEOARTHGRE| SRt FORLIE (O TERE L BEk SOBHBERs (b AIeCel s

conigdhéRgugRd into the conmunication signal by the AGC
circui't, based on the gain control signal.

[. 2. The
communi cafd em ansdesbs digitel aamverter (ARGEWhichaseeizes ynd
c) ar ' [ r i i 4 qanal
v om ¢ (G0 e KRR T AR KRl rcRBR QAR B
and quasiigred corepdp@htssi gnal

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.




conponents; and (d) an analog to digital convertefapril 2006
(ADC) which receives and converts the analog | and" Q
signal conponents to digital | and Q signal

onents. 3. The comuni cation systemof claim?2

co
WOW@F 7h the insertion phase variation cdFSa2AH IO

nDduIe receives the digital I and Q signal conponents
frgm ¢ gy A ARt Rl %ﬁdz hétfh (Re AR phase
conpone avi ng di Perent ase characteristics

vam:h:mm mm@enbagmnanhodkﬂmdal@s ¢ba¢grbeldta@d Q ¢vznpeoems fowdbe on

Rk e TS AR Bl of b aB IR R HA Wheiboh BGELY £

ﬁ;ﬂcﬂ@ﬂbﬁthhegaﬁl@hmkagml whi ch generat es the gain control
signal. 4. The conmmuni cation system of claim3 wherein
the processor cal cul ates how nuch power is input to
t hg, ADCThe donfmORichtior?GRm/D cRORST ARAHRF 4omprising:
PCT/ US2004/ 014100 5. _The communj catj on temof claim
2 wher ei n(Q BProGRsEr FThish goRerates %&?Qﬁoaﬁy Eﬁﬁ‘b"’gn i on
nodul e re l; Rn{ea GioAREIRE Hréce it
the ADC gﬁ(? aﬁ%g??%g%ﬁggo%har agﬁerl sti cs%of t he
“andjithg maermonarphasg variafiomerrepensation module; akerrinthe IJ4 n
1
rec3R 8 el BB foLsi ot By B TENELEELAA RG] BT Eh 0
phdseeffgs v the ntseﬂhorsphgmanmd cémdpermationnodpletaa b functipnT)
¢ conmu atleﬂn with the processor and the insertion
o %ﬁﬁ%’é“'&?ﬂ conpensation nodul e, wherein the LUT
recei ves the gain control signal fromthe processor

and provides estimtes of th phase offsets to t,
[ nger_t | ORE (SAREBICRtion VSO Gﬁ‘ﬁéﬁ@a? g‘ LH?I%
estiodfted iR Mhde af sih TEn@RhAng Qds PhinctioddRh phase offset, x.

8. The communication system of claim 7 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 éstimai:es 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). '



7. The communi cation system of claim6 wherein theapril 2006
provided estimtes include a Sin function and a Cos
function of a phase offset, x. 8. The comruni cation
emof claim7 wherein the insertion phase
woz@%?oﬁ)gﬁ on conpensation nodul e has a real PCRYSHOHHE0
associated with a digital in- phase (1) signal
conmponent and an inmaginary, Im input associated with
a quadrature (Q signal conponent and, based on the
estli0mat Agvipsless itrhagmiijretdive unit/{WTREB compdsingion phase
variation,gQ Il Ol « : 1S
corponent (Ha R TBAHE (RLEDU G Ainfen 1A% and
adjasisahelgainef wictthmirhizafiod signslnthe AGH beingreontiaited(oy)a geiRe)
- OgSJ n%fg) Im. 9. , The comunication system of
contyol SIgal ARG  ei n the insertion phase variation
conpensat (o bdedipn Assa vitation Bptfensigon andvlei liic

ith digital in- ph | and
COI%MW&’@Pﬂa&r‘SPI g“PI F?ﬁa%"cté rl‘hﬂ]pefgggoe‘{(' )BP%%?SI g\?!ﬁfeliisc glqg'gg%&enaa‘faﬁﬁg éﬁ%]Q)

i . t ¥ i ded
con%iz/lﬂtﬂﬁét &E{lﬁ?ﬂ?ﬁ th@AtC dRsfIbARd bhehesdih ¥Biies simayi de

e I nsertion phase variation
conpensati on nodul e outputs a Q signal conponent

Forow Ao WAL b Bk £ REhies bpiing® 0L ST0) x| L{; i

7 April 2006 raeive0osich0e@ids HETouseoisivnsige! fromt

| ol oy . . i
Ack) “prth rand B, oRERE, iRt ENE el Fof Habf)
cozé}mﬂxeg@gﬁmsts :heI gain of a cprmuni cati Ion si gnial ) tge
AGO bei n ontrol]e .a.gain  cqntr si.gnal. an
(b) an i nddr e @H#ﬁﬁ g% 53/5}%’11 Fapyestr 26#&2 TR BeteivetEne

condBite Nthe GRIAIINH RS § sﬁ%ﬂtc@ﬁﬁsﬁeﬁwé he @fitact sndfq piase

of fsets introduced i the  communi cation signal by
coreppmeBO circuit, based on the gain control signal. 11.

The WIRU of claim 10 further conprising: (c) a

recei ver which receives the conmunication signal from

t ha2. The WTRU of claim 11 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 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
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AGO circuit and outputs analog in-phase (I) and 7 Aprl 2006
guadrature (Q signal conponents; and (d) an anal og
to digital converter (ADC) which receives and
converts the analog I and Q signal conmponents to
WOZ%S@?ZP | .and Q signal conponents. 12. FREUGRPRYH14100
claim 1l wherein the insertion phase variation
R S T b A P b S S
theagadh @néiosighalconponent s havi ng different phase
characteristics than the digital I and Q conponents,
the WIRU further conprising: (e) a nodem which
r edéi veEhd WERAI dfledoh 10 fanidhef xanmyisbhg: conponents t he

nmodem 1 ncl udi n SSor ich ener e in
control L“yﬁﬁﬁ‘?”essfgw tf% ] aﬁ’ef%at he
processor (@ aliesd & ml&wm hommmatmswmrtwe phdzesdoe
ADC. 14. The WIRU of claim 11 vvherellﬁp InSLICE?I‘
and, g nsgrtiqng phass V%Wan@meaﬁﬁtmmoé e¥WBpiplR thed
1ecgi'v9é th@loain BRGIQi m&%&g rdcb 203 AhtEprORPesaim Qe ofARS | |
2006 V\B 2005/ 002074 PCTI US2004/ 014100 al ters t he Phase
1

‘phask affeats @rthginse@iogfphmrﬁevamagiopa@mpemﬂam@e ahefing
4 f e gain control signal. 15. The WIRU of
Oftégglg]%%cgﬁtrﬁlusrl%azr conprising: (c) a processor which
generates the gain control si gnal and (d) a |l ook up

t ndb nobit VoY FEEEN D4 F Rt Re bitide BeBr SR el a2

fun\ﬁﬁ@iﬁi&atlb@ﬁin&'fonﬁﬁlﬁiase%ﬁtd‘nﬁx gai n control signal from
the processor and provides estimtes of the phase
offsets to the insertion phase variation conpensation

nmodyl e B FIRNGFic®Am 16 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) -
(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).

-10-




of the gain control signal. 16. The WIRU of cl ai m Agril 2006
wherein the provided estimates include a Sin function
and a Cos function of a phase offset, x. 17. The WIRU

of claim 16 wherein the insertion phase variation

WO 200578t at i on nodul e has a real, Re, inpufCHYSHEHLY

wth a digital in-phase (1) signal conponent and an

| mag NanY, intddathd Pidni2G8 &gﬁ)t‘.g' gho th a quadrature (Q
si gnal con%oéglé%t angl,ﬁgage on tgrgme estimtes provided
by the LUTa) athautometie giipreonippl{4&0) gireuit which receives and

[ [ .
dfiSERES A R SR SeoRish bR B B IR cofIIEDAN g
corith@ sigmlal;@adng function: (Cos(x) x Re) - (Sin(x) x Im.
18. The U of claim.16 whergin the insertiaon, phas
var i at i on CCBHRSFERR HHERIAT R 2maen=aarn rgHle st
cortBRQGEIF admmgh&s athdi effdct of _rphakwwlséth)int@ﬂgml iné:o t_heh
conponent and an_i inary jnput, |m associated wt
corgmynicatig gigaal Ry the%ﬁ#%hﬁ%ﬁ@ﬁtth%a@l? gatraleighalt he
estimates provided by the LUT, the insertion phase
variation conpensation nodul e outputs a Q signal

cordfonefhe Havl dainy 19 frthes comprisipg' adj usted in

accor danc 15D : | o0 S )
B b e
AGOCTIres20at 014109 ab@logAm-phesegilhted giadraiure ((QF)signal
coq%r%si ng: (a) an automatic gain control (AGC)
CORPYERTS 2Mhi ch receives and adjusts the gain of a
comuni catd)osn ahgioglto didieal Abkvebr MADCO Mich keadivey aad

gai,n ,_control _signal; and (b) an insertio ase.
COnPRTS A GHRAih AL SR IcFRARenGHS A Sewh fﬁ@gu@wﬂ
corfipuiRhfy acts the effects of phase offsets introduced

into the communication signal by the AGC circuit,

based on the gain control signal. 20. The IC of claim

199 Ur L AR ROBP I G0 hkréin | HRC kBRI s QLSYES

t he communi cation signal fromthe _
compensation module receives the digital I and Q signal components from the

ADC and outputs altered I and @ signal components having 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

11-




AGC circuit and outputs analog in-phase (1) and 7 april 2006
guadrature (Q signal conponents; and (d) an anal og
to digital converter (ADC) which receives and
converts the analog | and Q signal conponents to
wozgqsgpatoaq | and Q signal conponents. 21. PREUSEOHP14100
claim 20 wherein the insertion phase variation
[

SR RE PRRl Rkl 6P B8 sk it afffblionof

thegain Codirglségnatonponent s havi ng di fferent phase
characteristics than the digital I and Q conponents,
the WIRU further conprising: (e) a. nodem which
receives the altered I and Q signal conponents, the
nodem i ncl udi ng a processor which generates the gain
control signal. 22. The IC of claim21 wherein the
processor cal cul ates how nmuch power is input to the
ADC. 23. The |IC of cI aim 20 wherein the insertion
phae vaRe & poremt bhiethencomrrivggul o rece| ves t he

digital
Apri | 200(&‘%\%’ %5%%%&36#%%%4/ 014100 & faelrz% t he
phase chaldct leek EIJ ﬂidée GiUTHe coingiundgation ayigh e processor

=af JRIRERG $hal W Proonapifhy RO WiLidlh L TOH

recpives trgain wiitwhsigen éroat ¥he privesgannd powides bstihgeabfthand

d) | ook up tabl LUT Ln communi i.catign, wi
ohiiesefes fthe et Shutiaheuistih SREBLAVER P g a oo
of thegaaNGaAtlobegh@dul e, wherein the LUT receives the
gain control signal fromthe processor and provides
estimates of the phase offsets to the insertion phase
vargsat i 9he f@ @P@lﬁﬁ@tﬂl Whet&f $he pRrvidhdledfiflat@inclafle b Hin

gal n control
. function and a Cos functmn of a phase offset, x.’

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
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25. The IC of claim 24 wherein the provided esti nfays@,ﬁ;zogﬁ
include a Sin function and a Cos function of a phase
of fset, x.' 26. The IC of claim25 wherein the
i nsertion phase variation conpensation nodule has a
WO BN Re, i nput associated with a di gi t alPGISHIYRILI) )

si gnal conponent and an inmaginary, Im input

plRs 91l Sfuivel h AcclMREESKMA Shd ﬂlowﬁg%?étloﬁ%ﬁﬁﬁﬁ Re) +
and, based on the estimates provided by the LUT, the

( Oﬁ@s?‘ mdn phase variation conpensation nodul e out puts
an | signal conponent having a phase that is adjusted
in accordance with the follow ng function: (Cos(x) x

Re) 28. ( Siorg gdmmauhivhtior? Fystaih éndl@liog ap| mitom25e whiar @htrol
ti d
RS LR PR U fle BRI, o ERIRSRR o R G0l

co@tl)luowilyg mahntem&pngelﬂnb effidtsant Iphas}d offsets :mﬁmﬂuceﬂrﬁnto a
assoc ted, WI rat ur nal . conrponent
 colgesipgdion s by ek BF el b Fernall BB L oT. ¢ he
|nsmpmmm@amcuﬂrbmgmt&maﬁe@ﬂ nmodul e out puts
% I.gn conponent _having . a -12 7 Ap r|I 2006 WO
200%) 6@2@%@ cpewit rrsetying tadadjostingthe g’@m 5 eonyayRication
51%&1%99 BRAACS thb %th &itxfophﬁ'ﬂéﬁ‘ B z%%ﬂeﬁf‘ caﬂsﬁigng.@)a%%

Cos( X% a conmmruni cati on sys
offspiclolbgiipigoduse mt@ﬂm@wg@mwtmmgr@ﬂ (AGO) circuit and
h r .0 t

ot (D RFHEE o ARG R a0 TSR W R
vapiaaba cohpashbon nmduidms aedunction aﬁth@gammntnﬂtﬂgwl si gnal

ACC cir e met hod ng. (a
o 1o et ol Brga oD BprDe As iRy tog phase
ofﬁlfia cokrfiRurAEZion sigrial baieﬁfbﬁltlhé pebvaded esifinkfd; hﬁ@ht he gain
0 compuni cation .signal in response to the gain
r(ﬁ?ﬂm%ﬁﬁﬁﬁﬁﬁm(ﬁhédbdjustnent causi ng a phase of fset
to be introduced into the conmuni cation signal; (c)
prOV|d|3% an estimate of the phase offset to the

i ns&t | dhe preibed oficbaimadd wherebritbe prewideshestiveaie inchides a
sif AREAibR Bn@h ol BultBbA of 2 BhasdosfbigRl -

30. The method of claim 29 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 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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(d) the insertion phase variation conpensation noggpg] 2006

adj usting the phase of the communication signal based

on the provided estinmate; and (e) repeating steps (a)

- & 29. The nethod of claim 28 wherein theaﬁrovided
WO 200002874 ¢ includes a Sin function and a EST/USHIREPHYY

of a phase offset, x. 30. The nethod of claim?29

sighhipBndi b rb%%g& rphoRbRR St 6V B bhe UM RSB0

as a rea I nput associated with a digital

phase-vahiatien (cbz)ape:magna h:aoduhwmrts adddignnl ¢overpneal havingp

| Ayt as | at:
e R AARER i el 3EE Bkl horichl G830 Rep
(Cds(#) x Inb)e |nsert|on phase vari ation conpensation
nodul e out puts an | signal conponent having a phase
that is adjusted in accordance wth the foll ow 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
conmponent and an inmaginary 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 ati on conpensation 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) xIM.
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