CARRI ER TRACKI NG FOR AM | N- BAND ON- CHANNEL RADI O
RECEI VERS FI ELD OF THE | NVENTI ON [ 0001] This invention
WO 00asssd o radi o broadcasting and, nore partiBol/asi096/043872
to methods of and apparatus for tracking carrier
r RAD

T R A AN AR S FIVERS
THE | NVENTI ON [ 0002] An in-band on-channel (I BOC)
di gital broadcasting system sinmultaneously broadcasts
anal og and di gital HEuDaOE THE BNGERTGONI AM
br oadcast i ng, channel. One AM | BOC systemi s descri bed
i19001]s. 'Bais cipvention selafes tezwdlorrbéO%I%@ﬁweagm ,sm@rramartwularb% to
LJe! 4498 I

met d;lcli\%. % gagpﬁlggﬁffpg gggﬂ%gspect %ﬂﬁl@qf%_%elfegeq%%i:glsém% in-band
chmﬁnﬁldi@@lbmdd@sﬁmgmmy Si gnal i ncl udes a first
carrier nodul ated R I 1. A aI. The
signal al so i ncP&e

nedetjat edn SHGAE rohf‘cfhﬁm‘l@lt(m@C? d@ﬁfjﬂcﬁﬁg‘ash Eg\ Kstem 31multaneously

enconpasses the first frequency spectrum
broadragits a:halyg aod Ldlgtaédslgutscmr ] ISMaMSAhbbmadc@dngwhannel One AM

B St it hRteg i sk el R 5 385,007 MRl thfoders siampl juotudes an -

ampHRfiet iRk taﬂldnﬁgqluaﬁ@d sighaldHadh@td fRstMireludnd® dpet®lim. The
carrier signal. Second and third groups of the
amplifugierrapdujated sdia fisguangh signal welndes a figsicarrips rapdulated by an analog

S e d :
L T T
withsi grighdwidie tBatkHIﬁbmp&rsSs treefidt Viegedhc rdpoctnmi.maiagh of the digitally
RS L 208 AL S b B0l ey o it
modBRGHT ﬁbc,ed'rﬁexguﬁés Qﬁt qﬂibrﬁgt aﬁ’éhéfeﬁ@f l%ﬁé’cthﬁ‘ntaﬁﬁ is modulated in

receivers prior enodul ati on of the received
quachatyrm’wﬂhﬁthe Iﬁmlgtlarrtdn signel. f Seavnd @ed dliird giosips nf ﬂmadlgltéty modulated
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in EXRERREEWRIE | tHY | @t CRrRPGIMALT f TEAUBids 2drk AORISH bin® primary,
racki ng nodes and |logic conditions within the

secomdmmdgeramgfmamm SpogafIheTivbeationeare prmplemenarygdgartiers.

f met hod o ar r ar {r n hat

a@pgﬂom) ? ); eorg i gt & %ng S:%acgecf D ORELA &S prior to
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OF THE I NVENTI ON [ 0005]. This inventjon provides a ) i
algophmb s aﬁwmzdaﬁomeerﬁawéamgﬁ@dﬂtheywmdﬁﬂﬁsaﬁao 3l Yrstdnodify without
exteﬁﬂgé gnﬁlﬁﬁ&&ﬁ/ Ghd veﬁrﬁgatfgﬁt lFloeﬁl gs’émhé %ﬁﬁkltng eméaﬁgpzﬁldofogic conditions

eiving an I nput signa nerating a 'l oca

w1t1msﬂ1eltfaakmga@og:ﬂah3| n response to an oscillator control

fﬂg&ﬁl Hlereg)ge there is a need for a simpler method of carrier tracking that

operates autonomously without explicit acquisition or coarse/wideband/narrowband tracking
control.
SUMMARY OF THE INVENTION

[0005] This invention provides a method for carrier tracking in AM in-band on-

channel radio receivers. The method comprises the steps of receiving an input signal,
generating a local oscillator signal in response to an oscillator control signal, mixing the

input signal with a local oscillator signal to produce a first signal, filtering the first signal to
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i nput signal wth a local oscillator signal to produce

a first signal, filtering the first signal toproduce a
wo pdovessedo fi rst signal at a deci mat ed sanpl e r BCEUS2006/043872

detecting t he phase error and frequency error of the

procfdfclataeﬁi ad. il ﬁ%E s@nglngl a '&%E1%ltédzgagn 19 it 'dgt%Et@ngeﬁHeeﬁﬁa%e erfor and

usi ng an five loop filter to
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wsing AilUAg PP TASE BRI AACS P TR BEFBToh e BTGRP fodhe phase
errofh8@ fREEM Y eror bPREItekdl AROLIBRAI. ISP ESdarathdi@at ﬁMﬁﬁiﬂsQﬁe method
provi des ah apparatus for carrier tracking in AM
is alsmpbambdon channel radi o receivers. The apparatus

B Sci ARabObsh e BRIy ARs PR TR crlrwacing i
AMSingiak dnfbhraﬁﬁél QRE6 rédRivaFs. OBl hjpatddiis coanprisel as Ingpmlfor ®ceiving an
m xer for mXi ng]the i nput signal with_a | ocal

inpuisegndlas dpcali egRalater dop ESaRTaRn af sl osgiligten sigpplfin gegponse to an
osclélg{or cbﬁﬁ&r%@% a,:;]lzn%:k S m ?Je%] r}%ll%t%f%qp%h% dlfohéltd%ﬁﬂtor signal to

St Si et ect
prodiee adﬁ’seslgﬂle[l,ga filer foh ﬁlstemg the ifirgtrsigniat tecpreduoe eefiltered Gifst signal at a
the filtered first si naI wher |nthefllt%sgdf|rs fih
decunajerh pamgle faiend| clestor ey fytestgig e dhprcprorndsiggpgney error of the

filter @O s %ggl %m@ﬂ%ﬁ 'ﬂt%reld%ﬁ’t Jigdall & ndr@aliRaod Uit %Qtete?ﬁcts of signal

oscl r control signal in Tesponse to the phase
fadesy arst araarctaptwelmprfdger &rpovduging the ofdillater esantrpl sigpal in response to the

| EF DESCRI W NGS [ 0007] FI G
phaie OYNETE‘WF%Y e&foéﬁfgﬁ%r?dkérSAw brid | [BOC s% gnal .

[0008] FIG 2 BRIER PESCRIPAION @B THE DRAWENGH
all-digital 1BOC signal. [T0009] FIG 3 .is a functional
b[A9OF] di @Gahﬁcﬁspaﬁra&mqgmorf thechMdpbriddBo§] signal, 4 s

f
IR £ FAG95 AT Qo P TRARID P e it IBRSCeLikf:
C WUOD]N F@ckisngfuhtteapabbloyk aia,gmi GK:A«eAiM mpC r{:@ﬁ)\ibi]
is a functional block d| %(gpt ive
| HEBO} i | £ 4 [scm‘alsgt fpgramyof; agmg efm aﬁnm@g‘& fecglver.
pgg)?i | O?‘é@d socpﬁnc &f Hloct Bia bFAN BGri8Ri LY #&frency/phase-

IS a sc ematic diagramthat illustrates
loclaakiabqg resi stor-capacitor (RC) time constants. [0015]

chioR o i BrerdmEbBa: EPaLor pudiBIFIoeR . 1

a[(ﬁ)l@{ aphggsh Q% NSes! HYAAEG ﬂﬁ%é—@fck’@d‘% Ohisdftiein determining gain
i nvention. DETAI LED DESCRI PTION OF THE | NVENTI ON

va11[66017] This invention provides a nethod for carrier
t f(ﬁﬁm ng Fflar 8/i\s|,V| a E'%emagic od(lag@lm that illustrates analog resistor-capacitor (RC)

time constants.

[0015] FIG. 9 is a schematic diagram that illustrates equivalent digital time
constants.
[0016]  FIGs. 10-13 are graphs showing simulated performance of the invention.
DETAILED DESCRIPTION OF THE INVENTION
[0017] This invention provides a method for carrier tracking for AM HD Radio™

receivers. Itis intended to be suitable for all AM modes, including analog demodulation.



receivers. It is intended to be suitable for all AM
nodes, including anal og denodul ati on.[0018] Referring
WO 000708980 awi ngs, FIG 1 is a spectral di agr anPOf/usnoédi3s72
hybrid |1 BOC signal. The AM hybrid | BOC waveform 10
[00¢ B deRefdien € @ vienBiaiads, AiGzanak egspebgaladiagi@dm of an AM hybrid
bandlimted to about 5 kHz) along with a nearl 32
BOG pignah. d&heliAgVItybrid JBQL srayaiesast( mglydondye g?rafﬁaﬁoqa AM analog
. trgnsmtte neat h t M .sian T i o :
signal 42 Gy R o antie) obERalh s REnBRERNARAS igital audio
broad®RQify 40 sigril €14 hameglttedSbelewind @tk iANIOsignalentThel spectrum is

frequency band 18, and upper 20 and | ower 22 frequency .. .
contafipzaddithiirecheapal 141 hay ngcpuieandyridsh od abeut A0dtHz 18h% FBhgp g divided

- q . ; Sal
B
frequshélebalidisanbents kikzomdakadtentdmisddzed freqnenbies ¢ying evithin about &5

frequency to about +15 kHz fromthe center frequency.
KETz i thel eomést fueisaia of accaansl GHeatRRgE SlgbandeHtetisin i about +5

{ -
. G50 S50 O BB K0, e v
sidebané egtshad frorniboat -5 kEzifroreihé centerofpruesasta fiwuantl bz from the

nmodul ated carrier signal 24 plus 162 OFDM subcarri er
center §@gH¢5Ns spaced at approxi mately 181.7 Hz, spanning

i«f@ggg ggeg@' hc@ggg[%g?% YO RBNELAD torkilA€ it BRE lenOdirh MBI the invention

ital information, representative .
compises Hee anabp roedulated witipmadignal pHoghant 67aO8M| gubcarsier locations

transmtted on ubcarriers. T '
spacqd, SoPREREID LEhe 4Tt RErEeties A e it wpper and
loweP @18 aNsS Y 08P diditdD Zbrofitionl) @¥ptedentakivE of the tandicuppdata signals
sideband is divided into a primary partition 26

. . . and a
(progawomdtetig)pisy trprsnged ®n the SubpaTiEwe A 1g jsyepghgatp 4s less than the

divjded.in ' if and a secondary
Subc%%e% f‘falglg‘ng ‘@‘%F‘?"r%&i‘@ﬁg{? g‘%’é%%é a so?r%r e transmtted in
Mg e osadestcotie pestisuars dhte i e o 2
and 3 AeAOBEATYiRgAEION 75, and dhe fogyey S}A&L?‘MS fsgviad e R gRyfition 30
Lt eana.he i [ | ar aloi d
wd BLUIE0 AR 20 ADSIBELSl AR B ) oy o
secofda@y partitiBud on reithar sdavbf thie hosthanalaey sigeal yaspeiell as bodernéath the host

are positioned near t enter of t.he ghannel are .
analqgeglgr!zag &2 tegtiary Haﬁtmﬂn £Aﬁ b@&tﬁ&@;&paﬁgog 36 83‘? ET‘ 8?%s1dered to include
a phﬂ‘ﬁﬁt?'o@ g?é’l&)sto?rsﬁﬂ)&hﬁferﬁ’ Mtelddi 79) 38 a4 aid 82 ROFIG] DNGdbcarriers within

farther fromthe center of the channel are referred to
the tersiarypagtitiouthetareipesision¢chnaah the esnterpf the chaeng) gigeielaresgddp as mner

of. the j nner _subcarrigers i.n_ar d..40..
Subcfngeffe%‘?de%fg’g ali”ieﬁse‘g}a[hp ﬁﬁe?ﬁm %gﬁéfi ﬁ%éggel B%Q?é%r%si?ﬂgg from the
centG TR cHahR8UeH Eaferrd® ds@iibdr B@rgraunsthiy exaulptanlid goveer level of

36 and 42 in the terti ar% si deband have sub%t&anii al.ly
the igperssubsarrisiniy Srawpe|3s apddd i shewn to daceegss higfrrly weth' frequency

ou ETBE SR PSATES, YoMt LOppeyPb e 3l 4 e
tertidrirgiiébaidelaye anbstaeially tonstdne pawerd logels.

[0021]  FIG. 1 also shows two reference subcarriers 44 and 46, for system control,
that are positioned at the first subcarrier positions immediately adjacent to the analog
modulated carrier and have power levels which are fixed at a value that is different from the

other sidebands.



nodul ated carrier and have power |evels which are
fixed at a value that is different fromthe other

W@ k@eloss¥ss. [ 0022] The center carrier 24, at freCUERIY6/043872
f0, is not QAM nodul ated, but carries the main anal og
q0p23]t udEherBRetel afieidr QA dt ifRuenthe,, 3y AchDAM Aridutaredabal carries the
control subcarriers 44 and 46 are _nodul ated .in

mairy ansdoh empiiude maiilated pirger.  The syrsbepmzatignsdconfrobpubcarriers 44

s
partiéibh hessitenedatdbcdtivas Adigreated a2 thasughrifodmida? ddrowglt #26 on either side

K. Representatjyve subcayti | ocati ons ar . .
of ey N 4B BYF AU SRt B S e LAY SHceurie locations are
idenBHBEBY fHeQtiBcAtier i8R i1RR i FIG! PUIHbAGi &8 8t néatidhk QUBRdugh 26 and
-26 on either side of the central frequency, are )
-2 threxighy 26 cbnt eithes side o ithe genéiabfaqueney,sara meferee to as tertiary subcarriers

transmtied in c | ement ar [ [.S, suc h . .
and SR B SO R A bt PRl bl DA stgnal i
in qadiRhtas: oge| AhRE HHIFEAAM diBelUSEheOhscCOMPmBTEmeRtady subcarrier

_subcarrier pairs in an AM | BOC DAB systemis _shown in
pairg )15, APAMNTBRE. DABSYSBTS s THaWE e - onPRishi oVe-ands9.876.  The

s SHASSHELELBAAGAYS 40076 Srol 08 RSl 6 Bip Pty
pairanal og AM signal occupies the bandwidth in the 5 kHz
B S50 3881 S AT B 05 56 e

+5 K14 RefROUFhetoweFand @8pQNertiat P pREGbLY 66dipy EIBH8uds from about 0 to
tertiary partitions are negative conpl ex conjugates of

abousaGhkids faed feord aboet Ohter aloué risz EHz asgiovsptespastivelyy . These tertiary
Jhis conpl eent ar roperty, mai pt ai,ns _.an orthogonal .

PatiFgDS, 418 RS b SRR (WIUSALT ol SR CRUD e AP Copgeterized as

complefidatady. SUAMis RBinpldiedhtffNpRPeHE PRAbRLARs | dh drthBEMaY efelationship
whi | e existing conventional receivers can still

betweg he/anatageangdrdipita) tamies! gerdls suchehatdhey garybgsgparatedosa receiver,
AMTUSE .. . tar [ to extr t I Qiqt .
o 51 TNGERIER e AL e g A sl ot ey
partiSiefOntar e qoatglerheans @nitindiatoeextiae: the diirivsighairwhile canceling the
proper tl?((’ so they_ can be, processed at the receiver
analeg erpssiakn dEisetrgeRdary patitions alse hagsticefrapplgmpntary property, so they

cn BB 5 5PRNH 0 e 14 500 By SHBCLLHRRGHAR combinn.

dependmgson tiitedferencte pemdigoid gnd podiadhanBiviEith? The primpey tpagitions are
di.ag%g’rr%of an_all-digital 1BOC signal 50. The power of

trans.trwg Peéﬁde‘f‘tll%qyency band 52 subcarriers is

1002425 88G. gk alsh¥&rdl Aidobsn BYBA 'aﬁ—cﬁ%fdﬁBO@f sibhdP501-The power of

gain, the two subcarriers 54 and 56 | ocated at
the deotralt fropwency Hargn®P subtawises isiineressegigtabive o the Ikdyidnigrme of FIG.

trangm.t timng infor i,on. ore. u r_sideb 5 .
1 A e S s B e R e i
keyif@ tb Barkafittih@sehfEhldaband &fe ufpddiHebinsEs8 &f comprised of carriers at

subcarriers at locations -2 through -26. Sidebands 58

locatigns lrqushAoprndegregayen sidehand 6Gwocagrriifgd ob subgaericssat locations
-2 th%ugh -26. Sidebands 58 and 60 form primary partitions. Two groups 62 and 64 of

additional enhancement subcarriers occupy locations 27 through 54 and -54 through -27
respectively. Group 62 forms a secondary partition and group 64 forms a tertiary partition.

The all-digital format of FIG. 2 is very similar to the hybrid format except that the AM
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addi ti onal enhancenent subcarriers occupy |ocations 27
t hrough 54 and -54 through -27 respectively. G oup 62
wo conmmssassecondary partition and group 64 for mBCHUS2006/043872
tertiary partition. The all-digital format of FIG 2
s1gn'a15 1sV1%E}éc§d Ritned dEQy&b %n&‘ﬁlfglﬂaﬁy fACSERI fBfef gpetndt I;%k R@rsion of the
i g I's replacéd wth a delayed and digitall
progamcﬁde@nahnﬂ“hg canmalbﬁmu@pcwbarsi oscupies taperqximgtelnthe same spectral

oo P G R BOEPAS1 BADY Al LA B Jerpatpfhere are two

optlbﬂﬁfdr%a'ﬁﬁﬂﬂﬁhk t6H Shafraberbioh WEtBe plodrdrh @nAddial dh Goindination with the
format, there are two options for transmtting the

tumnmand\mcguw rvemont h&hpradlgdigitalnssient Aks beer dpsignrgt foobe constrained
t
wia W1 L0 SAEER. B8, 30y TS 8 bl 8 pormaion i

trankﬂllittedfwitﬂiiﬁ seigmner f.gend kel leby Rapoenay audi6 infohasittort Reransmitted in
main audi o information is transmtted vvlthl n 5 kHz

f
the wings oh the thanned gaask epbiorlf kg atiadov et et This et allows for

L R e T )

carrgps achgitd] tidegdiselaity tmingf artdieckipgelahnelhwiklen itheck el z prptected region
coverage,area. ,Jhe all-digital stem.carries ) ]
(asspipi D iRl iR ORI QThIs PR Q5 dieby ih Bpfhdhe main and audio
bacMﬂ sfi%r{hl Wi tegoREed 86 kel).r €8 ﬁfédﬁﬁ%ﬁ' Bhatfctbiics of the all-digital
di gi audi o conpression is capable of delivering
systpotane bargd ippm themtMABO G hidertckaystesi-gnal  wi t hin the

PR S A Do o6 AL T o
+5 ¥Ddetbrs ¥ st@MdafyGRaZijoninahald kidi ¢ 118 kPG 03] @t{tﬁb tertiary partition

includes a pair of prinmary partltlons in the 5 kHz
in thegd SRz t %lé)clélﬁzj gaobarhe pllwigiiah signgl bas no-pnaleg corppngat, and all
+
part[(t@lk r%.%gtr%lﬁ&l%&lﬁ&% eﬂgéﬁt lfa't gllaﬂﬁgogﬁ %geﬁdégﬁ%lgfémehpary).
c@epenentIG.anik zaﬁincﬁamaﬂ Ibﬂcbcxkrdaagam dfreamnB3OC trediver 84 constructed in
dependent.ly (that partitions are not
accq,rgmeéﬁ%ﬁm y}ventlmzé"fi rIB@C ygnal i3 Teqrhed; Phartemad A bandpass
presglceg% Et‘g:g}n ?g %dg?éﬁ%l fg&:ﬁgh&éﬁ??rgﬁoﬁ Bitelet %&lehg the Ides1red signal at
freqnemyi e Bubmejects dheram8ge s1gnb1antdﬁ32fs (rﬁores dbwcsudé |1¢beemjﬁ810n local

o B USSR SBr 1 565, AR T mise

mix& ANWithdtloédl odéillhtof El@flalff]olsﬁl\!lblﬁ#ddﬁl lirRbRt i eflabRNoé ©8dillator 96.
osci l I at or Low noi se anplifier 90 anplifies the

Thiss prgaigs SUMHE: Gapands digigrosey ﬁ@rﬂob sighilgca line 9§.x dptegpedjgte Krequency
filte 1&)8 %g%ﬁeg oca%gglg? ﬁ&fﬂenéy@%x%n% fggnélsagtg ﬁlatéé ﬂggllugeﬁc@é/ outside of

the bbedwidth ofinbe dhddudiied cRnarl of fiftelesSi gnalaﬁalcg-td)M@taB&onverter 102
Interpediate frequency filter 100 passes the
operafes disgR sloek f%lalu% e yrgdugﬁ gigifal ﬁalawas g ivg dé’fleaé a rate f;. Digital
r h uja
dowgy ERUERG T0e TRRBLES And Bras Pl deinily Mo sBRel P hflyee Tower
sampke&a‘atm—sphu& amgl uadiaook sighgls ah lings 1@8 puddtLl eAdiigital algnal processor
e 104 at _arate fs.. Digital down
basqiogedudson 442 fihery aweéﬁss%ﬂ%ft@afﬂanﬁﬁp@cswgd@c PFAdigg an output
signhl6h BhOTRd fog-gu@[lf)&ié{&‘& 11(@5\/\/er sanpl e rate in-phase and
quadr ature sig s on lines 108 and 110. A digital
si0gR@l pTbewssiver in FIG. 3 includes a modem constructed in accordance with this

invention. FIG. 4 is a functional block diagram of an AM HD Radio™ modem 130 showing
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based denodul ator 112 then provides additional signal
processing to produce an output signal on line 114 for
Wwoiopossssevi ce 116. [ 0027] The receiver in Fl @CBUS2006/043872
i ncl udes a nodem constructed in accordance with this
the funstimial atidrl & thé casien trhelting botias idvenddn. dAadgnmmsignabon line 132
AM HD Radi o(tm nmopdem 130 show ngt he Afuncti onal.
from g SREh gD SEVERRTP EDIG 4 [ERIRT ? gecling anfl Gy iGA g eainpontrol as
show'BHbicek 9@l on és'ﬂﬁm#g’s%%rfaﬁ QA ke 154 Eé tdjedMD 2 symbol tracking
converter 1s su arrier trac and aut ofmati c
algogthion 189 titat @kochsesﬂxevBPSIﬁ stghalcdn 1B, 141'hmdr B lsyinhgl vectors (in the

B FENRITINE FERTIE NI o
as sﬁb%h A¥lodid 248 poaeds ISk Ride it dndenddd QI fBomMdn 150 that is

line 144, and the anal og nodul ated carrier on |ine

usedyfunsisis lﬂinmgkirn@herddocd«somn OF YL sterotinbiqyrigdudsatpdulates the

eSS SRl GHOMTRY Bellbkfoms iSR! | Portal s
@m]deﬁHCBﬂeqﬁﬂfzeﬂﬁngpfm&Bsb@ttﬁé ﬁé&ﬁeﬁctﬁ&loﬁﬁi‘fﬁls@mbol vectors in

ynbol vectors to produce frequency donain synbol
combl@efﬁ@} witghe BR8Kqand. ca{rm)z@palvﬂ ¢ P%wlzq%@gnals on line 158 and

chanBEl?T%tﬁ ?ﬁ' ofrfioh” &H1YGHP g&gﬂo las%c %Haglaré’ %‘Pdc% d' t% produce branch

Iron wth the I er S|gna
metrmsddapéem‘mlah\rezled asdegmcai@veml 64, and traBpetho a:ﬂldramebr 166 to produce
atelnfor onI 10 Th eS|
soft SrGgn Ry T e dabod Bllihifiorads O v R bt desjsion bis to

prodhé\e@ec@ﬁé@bﬁ@zﬁﬁ‘&%uﬁﬁé‘@nﬁwﬁmpped |n a deframer 166
to produce Soft decision bits on line 168. A Viterbi

deeier Thip upfeut:@s@éeéestméh@dﬁmed@@m@mgaﬁmbﬁmnﬂdock 134 of FIG. 4.

R T T RS M e T P

(FPITYN CRHeORpht si g0 G, Lnpisitl £3treéhm 6f fome FlohMirsamples on line 182, is
functional bl ock diagramof AM carrier tracking

mixedy @q@reﬁbwwds‘iédlsmc%wtpwoq@gqqiﬂ@ ofHime h?éuiim@. yffgquency and

phas? il%cgceg @%[Hg‘hgﬁl'gg‘ sot o?lte& géH,I%B ﬁ <} ) ?g% Ero?iﬁgep b @%}}%}g{dtn on line

190.sTignmb /(& rthé ineed1tBaiclsigmal.a frequency and
phase-1 ocked nuperically contyoll ed .0sci || at or

1883010 pHhsatbscnpt 4l disatepfiar | sapple iindex 2y ghe rﬁﬁ@t(??m le rate. The
outpﬁﬂ 9:%9& b 1€ g ?‘seﬁ)tﬁlﬁe&j ?hréh%{‘ ﬁiultlél%gﬁgﬂ ofMRuRY éli'egﬁfn control

di'cates the nth sanple Inhdex a e input $a
Slgnzﬂagemnﬂ'mm bk p%t iis ingltiphient94. | Pee id8cripd ndkt mdmad:s the sample index

h nul atl on . of mult,,, by a gain control
aftergﬁegﬁg% EJIE ?ﬁ‘lm?tfzﬂ?g 994, in miitiplier 196. The
S[[)e@ﬂ]f ' pfhé"%séd’-‘ﬁ')'o% 3%80%3515@ APy R it edenalf In%?t,, taf@ generates the
cimation Filter ecimate by 9). [003

NCQ| welsgl-foodpe prest dspitnspmplerof ssigi. t HTlh & gxsacormmaed of a phase

an e ates the uefo t he ne $asp|
aconfiiyHOTSY BT ety Do)y KEmutled Aol bR 7505y The NeO
mputleaﬁu@mlf @thefagg,e@ﬁ Q4diZR0irh 91iz6@ P UéroN grevac ARl ated mrme@mce theta,
jtheta . The NCO i nput values of dtheta n F (i

e
on lmaapan sthej FRLL. guippé atgtl@ ig ebipined alterpixig ﬁxeelaplftoﬂgnal to dc, then
multﬁﬁﬁgg %‘;, 4 Eﬁh%bntrol value sgain, (computed later in the loop, initialized to zero),

which attempts to maintain the main carrier at unity magnitude. The process can be

summarized as:



on |ine 202. The FPLL output sigdc,, is obtained after

m xi ng the input signal to dc, then nmultiplying by a
wW@a00/08%98d r ol val ue sgain,, (conputed |ater i nP¢hesS2006/043872

| oop, initialized to zero), which attenpts to nmaintain

t HE€omminte foatrsignat vatabies 'utmg impansithdeig, Iﬁtbompmcses@lee aigdc"

Do SHAT EA, 25+ SAIRGH g5 L alnend 909 i AL B3 3kt

tH%@‘@(n) @9p{+dtﬂveta§( -"cqmp;lte cauhgttaphashevaluehi t to 0
[ k) StsighPI0EDAD " o @nzlsm{uohc-t het a( n)} :

ute corjugate ['ue” [t (n) |
N@%@ = mrlﬁ ut S%ql@naPO@avtﬁpe@ut FmgRies \gaﬂgw(ﬁamer mag =1)".
mul t (i |) sgain ; "conpute output sanples with age

([oe32]i erTheegdgral mlt, i fBGEd arddéechingted byrafhtior 689 (decimated sample
flltered and decimted by a factor, of 9 (deci

nat ed

rate SpPROK &> 108t Az I P MhdsR aswhawyo@*alssﬂiz@? wang fasndoap FIR filter
4 | e

LPFF 76 er&% gg&égpes hf&ﬁ n?iﬁfﬁl&&{ E%'ﬁng 2bIB n?l%@l“ﬂﬂ?rﬁﬁ&ﬁie%dmdth

of miyRflt, )y toi apprmhnatb]arnkﬁ/\kﬂlz hThif redriced fhieteffelis of interference and permits

d t ffect f .
som§ RSEALFE PPEifer foeonAreie e Gaelst i S Ratated ipdex mDF,
1nste@%%f al eriRt sig e nﬁﬁﬁ‘i[ﬂﬁtlﬁﬂltrté‘ta%éq%bﬁt%l (l%g%‘dt&a!(%d alphd@Xdetector 210,

, instead of n. The si nmul t is input to a
and fheegpie royirelefraction 22D40 camph@s@l@ta%so eng 59aingprd The index nS

[ t 2 o.C
1mplgega§3m%%§ t ﬁﬁﬁ eslsiﬂﬁ‘)éie gﬁ?fs%ﬁlﬁ%lls éi%(';@lga%% g%gga%ko% or}53(?r%r%fn the first
Decifr@stion Fitker edite ind) F eThaddcatatinn filtdr acéfbicients ¢l be rcemphfba as follows:

first Decimation Filter rate nDF. The deci mation

fllter coefficients can be conmputed as foll ows:

" Crppanude Hukprpytescaeldicientsiof idesigation HiteleRF hat i on
filter LPFI " LPFlX(llJ)lf:kszo L4,k 22 LPFI (U = 4
LPFI x ; ' malf ze for unlty dc gain"

T e b gl b TR,
03

LPFl , decijnafezb 2 e phase det ect or
esti mat es tihe §3an‘g1 %))nase error in radians, while the

frequency zkﬁﬁ"‘&‘g esti mates the phase dlfference in
r agPET) b ; Bak 0..24 "lBithaleEb B UcSaRP! es
mul tfilt,, g? ase or frequency estinmtes on
l'ines 214 ﬁp ’é( of the conplex sanples rely on

S AL L 2RRESK BpbRT By he g nary

multfilt(nDF) = Z mult(9-nDF + k) - LPF1(k) ; "apply LPF1, decimate by 9".

k=0

[0033] The phase detector estimates the sample phase error in radians, while the
frequency detector estimates the phase difference in radians between each pair of LPF1
decimated samples multfilt,pr. The phase or frequency estimates on lines 214 and 216, of
the complex samples rely on small angles being approximated by the imaginary component
divided by its magnitude and passed to a loop filter 218. The value cmaghold,s is used
instead of the instantaneous sample magnitude to allow the detectors to “flywheel” through
signal fades where the magnitude is typically small with large phase noise. The phase and

frequency detector estimates are computed at the decimated sample rate as follows:

-



di vided by its magnitude and passed to a loop filter
218. The value cmaghold,,s is used instead of the
w0 pewasgoaneous sanpl e nagnitude to all ow t he deCBUSIING043872
to "flywheel" through signal fades where the nmagnitude
is typically small with | arge phase noise. The phase
and frequency det gtt or stf' Eﬁ'} azh%é@ uted at the
deci npLesdrIrrpRt ﬁm;F’tIﬁa s-1f h j%-p*i s the

conpl ex conj Ugate.| [ 0034] PhwghealdBENtlol variabl es

synbol mag, cmag, rand ¢nma hgl %({?_re uEde}’t ed la.t ng }
synbole,s 2nd,| g den i ol ] ' ' r
out putﬁié@?g?s of |30 sanmpl es. Thecwaghioddih®Fytraghol dn

represents an average nitude of a previous synbol
and is used in I%H%\ﬂ%%ﬁﬂ’@&lefxf@&lﬁ’@ﬁ@y estimators. The

vari abl e sgai nnbF i s updated at the decimated rate
([0034Ix D) gaun dontsatdratiables aprebolhmg] emad, oid diveghold petupdated at

the sgllg]gqgﬂ;ﬁgpm a%g O'Q/? Iﬁ%@%ﬁfc?@&%&ﬁhl&%ﬁqﬂ% aggcgdpg%f 9'6 samples. The
varidBid @}iz?zgﬁ&d,%fre Sents gl? a9&hfe GRBAARe oed bARIS siyﬁltbbhiaﬁd is used in

exanp are conmputed as: Synbolmag ; "updated a

the shasbaihd fraquehc edtimgatery. The amable-sgaizynbisl urslgted 2t theodacdated rate

(indexaxfJ ﬁ@ﬁ‘ﬁb é%ld &{sg(i %%ﬁﬁ%gﬂegﬂﬁé f%g)a Igggé\gll n?ﬁ%%sn%gla%c 'gain control
(age$ d@tidi O dehin, - "W RESE kb tHe el tadicr af £ magAifde2sfone. The gain

cmaghol d [0035] The carrier tracking of this invention
contcpﬂ,efgndﬂesgl@éblﬁieva;np]ﬁiamcqgnméﬁd #¥ equency/ phase- | ocked

| oop (FPLL). The gain of the |loop is adaptive in such

a manner asig paintain a nearly constant danping

f aph@blRMeL LS BalifR H BAYE "abdapEsRY®6l thtedM i ni ti al
f?gquency adQuijsFlot i ogglmt(hr o&gh irﬁl’arrowbgirllng tracki ng.
This fegture ensures closed-1oop stability while

C @vragTe U shyg H‘%im@bbﬂgag ; dokdated Yeymbelraiste wi t hout
excessi e over ¢hoot. The frequency detector is

RN s B S5 gl 51 S B R

can acquire an initial frequency ‘offset up to at |east

2090iaDF) 0838] skanpirm) 4 Lackihg i s i nppemmniedcisididate”.
a(r%gall'g%r@ hm56e§%n{ad t)o b‘ifercatughblddepeir)ldent ly of
synbol synchroni zation, as the operations are

%bﬁﬁr negh, o %aﬁéamkﬁﬁg@f%ﬁe iP@ntion (869 an adaptive third order

sanples/ synbo at a s e rate of approximtely

frequéidicy/phasdzloCied1106p (BHLI)28Yhe F4in of diwvioap dsadaptive éesiichgy manner as
to meakl(r}tgiglnaarllea% rl:%ggtgn icfa%ﬁﬂi%‘ fa(c?dr%v’er ﬁ}/en;%%lre %alln%g %f operation from initial
frequency acquisition through narrowband tracking. This feature ensures closed-loop
stability while continuously maximizing tracking performance without excessive overshoot.
The frequency detector is effective during acquisition to quickly bring the FPLL within
phase acquisition range. Initial acquisition can acquire an initial frequency offset up to at
least 2000 Hz.

[0036] Carrier tracking is implemented using an algorithm designed to operate
independently of symbol synchronization, as the operations are performed on a sample-by-
sample basis (270 samples/symbol) at a sample rate of approximately 46,512 Hz
(44100%135/128). This obviates the need for external synchronization (e.g., symbol clock,
or FFT lock conditions, etc.).
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or FFT lock conditions, etc.).[0037] Details of the
| oop filter 218 are shown in FIG 6. The loop filter
w@daptsssed y adj usts its gain in a manner that PEI/DBRN06/843872
a nearly constant danping factor around unity, as
EIB ] | NDRt®S lof 2000 fiter IA ﬁe'sﬁov'a‘n fweRt i QNTES lobp Fler adaptively
ase bias or frequency error, acts to facilitate
admstassts gedi Ui & anoer thatdn@mawsmmmy wgnmrdamng @rtoneropnd unity, as

shoft A8 i Ao g ot SERp i iPst isn 8 S0GHonLF 4R and s

to fAidateNBgHchtidRiob Aha sTsRgrackidy ﬁherpﬁlﬁﬁbﬁﬁﬁy phase-locked. The adaptive
appropriate metric for controlllng,the aln Det ai | s
loomgrin4ghisydsaiyedps ¢ ﬁi@lqn@@ efthe ntgmalby o hgsgerror bias magnitude

(bla? r egﬁ ng@gh gﬁ ég\ﬁlﬁ ase ea(ﬁ)g @Y{a?)er \Y a éu 2(2‘ g%hfeor?gﬁﬁ %e galn Details and

analybéeo2{@ lo6p tﬁi&r phasetérs Gre dotsseld belos. nC[‘hE 1f1p11ts ai'eethc estimated
NCO. AUfunctiqons are E‘%rforg%ed at the. de Ie r

frequenye nh BBRSC APIECIOR MRBISHes BT QUiAY tqnapp"z &r ase mcrement
dehé ?r%&f) r le29089:Al nbﬁ sfo& gﬁﬂfdnﬁ%q aft‘&le]deaﬁﬁﬁéd I‘Ence(lfl&éxsﬁDF) All

out put va i s conput ed
van@’ﬁl@@ 8te imftialized tcszao;‘ @m:cpt] binsthahlpe dkindliziped o dfaften ghe first symbol

ive | oo ilter (using a floating point
Outr?“?rﬁ{%lﬁé’ﬁf’é‘f’gg?ff””%s RiYhase snoot hing feature
P[opdBF €S FAG B8NS &l huakiionh] Hiedkatiagli dPEhd @dagtivedlod@ 4ilter (using a
used to reduce the phase noi se present in the output

floating goi iFphineniiions dongeel r@émﬁm%ﬁhﬁl@cﬁ%ﬁ%ﬁr pegs a cancellation

31g1{%[ 98 oS 0%'1%6[?4) %g%dpf%bljegu % ?nge(rﬁ)[ﬂs i g(@)p 5516%1' ta’theta,,DF.

Thio phsisat Iﬁﬁs@feduéhdﬂ‘l’ec]ﬁﬁqﬁee alse eduices aﬁcbthéreVarmbleethﬁp (on line 226)
‘g resent. since the ngi se cancelled fromthe fd het a
use

i pafilize thedpops el edtect, Haclopp stapdisy onerates gy ifihe BpiSeFeduption filter
werl g%t ?Peséﬁtgsnﬁge @erﬂ)w@fcfaﬁ&éll grh‘(ﬁlﬂtl a130hy, J Bh ut is reinserted into the
addi tabi | fnea

I onal I zat1on cancéf
loo@mdta tpoom alftet tdyms foiol mgnﬁcaglt e:fﬁaefontrs dihetubt.i fﬂglsf a'ddltmnal stabilization

(nesg ) sl 1 S P R B R RSP T HE PP R fon

afgh3ppasenhdeiRptiRy 1060 4am Pﬁaﬁﬂa&%eg 95 I QmpUAS ab S fidcBibn of the
estinated to determne’if E@ISIH acqui sition

freqmnta/ qridphgee deptggq)m@hms) Aophase gokf bigs {ssfingt ¢stimated to determine if the

100% HS é{rlrfa a’%ﬂEDP?tgo mo&é?(g%g% q Vat%gf,fﬁa 2 raglf gg%sn?ﬁrgi%magwp) The

confpRfaAenBal 60he phssel elrﬂobl?; 1, 5cis b}vljlﬁtémmrtplﬁ,[})pﬁbt Sttabﬂi%Bdompensatlon
and is used in the foll own gorithmto conpute

(as Hinapeted dy\samyeation peint 228)rugtis ua@am the doll %lﬁggaégthm to compute

phdet phi (nDF) =phdet (nDF) - phi (nDF - 1)
theQ&‘pﬁ(}gw]l(lf:t%)f/ conpensation for dphi" , . 63 bias +fdet
g +phdet phi " . . " bias = - - ; "phase bias

esCbiptie aaﬁlttﬁfelécbﬁ gaer[ i pargheedg63 bi asmag + bi as
phdetphi(nDF) = phdet(nDF) — phi(nDF — 1) ; "stability compensation for dphi"
63 - bias + fdet- g + phdetphi

bias = ) ; "phase bias estimate after filtering"
63 - biasmag + |bias| . .
biasmag = " ; "filter bias magnitude”

g= min(l, max(z . biasmag,—;ED ; "compute1/32 <= g <=1".



biasmag = ; "filter bias magnitude" 64 g = mn |, max 2
bi asmag, - ; "conputel/32 <= g <= 1"[0040] The

wo eovriossosg | oop filter paraneters are conput edP@EXE2006/043872
The | oop filter conputes the first and second filter

$ QLS Tiid fdmdilifg do6h fltet BatametR® atd b&BPR3O nerd 2[1&2 loop filter
hesé signals are used to cor%ute t he next val

complltthsetlas ﬁtBF angdeeonc diter pitpets Alkbop r?éléef' K voretie E&ﬂeﬁf 480 and 232.
Theso/ aere u8 c})?o M{t}%}’ﬂt@ g‘tehxlﬂe?tt QL QM2 %hfcfl r@ete:rrmnes the phase

deci mat €8 e rate

incrébb¥nt férithé NC-O sqfiples, using fhe Bllowiny algorithoop par anet er "

64 phi prev = phi ; "save prev value for differential
dphi " phi =; "stability conpensation for small

"Ccan@ltekibp@pmut difiatay degimatadispmplorpie K™ noi se estimate

(n tive)" flU2 fdet +filtl +filt2 ; "second -order
flﬂm)?fpkdeér, "ﬁTSOWp@ﬁr@WWtﬂr omloop filter, with +

1331Hz limt, &phase noise cancell at| on dph| dt het a
Pphiprex=-phi i 'save prey valpe fordiffarentisl gl " phase i ncrenent

for N(ZCJ1 [O(}4Jf] The deri non of the | oop garameters .
phi s nkes er3-haih pre*t f'ltTh@hsté@) st Ystabdlitnepmgetsatenior small angles

ot her éé?forr\té ¢e par anet of the PLL are nost

dphiQh YR r@\nUpYu an'@hymlseestﬁﬁaamegsﬁ@d)'e operation using

an |de [ 11 near apprOX| t| on @f the PLL. The
near deeI ab | on Iy "

SIS o Ione fﬁ“ g JZ”E% or Par &ééé*gﬁwﬁ“ef

par aneters, rtic arlyfor t eIo filter,
" Comptte dtheta ﬁblml 1oq>g/ﬁ1a¢rdw¢b £ br3rtdtrdamit @b@ﬂe@msé ﬁancvﬂmon dphi"

nodel WN FIG 7, descrl s frequency in units
dttidba £ @;HXE —alﬁitIS{r gl dpak s "phasy oictesnent GAJO".

FIG 7 Ld6a si ified |inear deI of a PLL useful in

determ ning gain values. A goal of the analysis is to

fﬁgﬁgﬂ Nehd RRAARIOBE itRd Soopabatammeteds i9descridad atart.er Fhea stability,
For this analysis, however, we will _start with

dampérg Vadorv ahdiegheaf perfermante peramaierieef fhe RLLypre most conveniently

anal%éc?ac# ﬁf d :%%?aﬁlgoglars%%% ] 1 11 garrrﬁg%l :ppﬂ)]g(ﬁlér%t}g;rla of the PLL.
Thleneﬁﬁﬁloﬂ’élLalioM%hvémﬁ)ﬁhl R Q(ﬁaltml bei'pam.lys[lmdlajlques to detemnne
Referring to FIG 7, the phasedtector 250, inc ﬂn% d
appmnamdwgm rpa:zaslzetwau pﬁt@lcalafj&. 19T ke Joep dftlisrg ﬁ%cpomrp stability an
t/
prfEblR S per A noBS MR RS 0RY ity i s o
radiKﬁb/éé@Mi@l@gﬂﬂlVﬁlﬁemt%%expr essed as one paraneter

K:fs.{0044 The cl os Igfp tra fef flylhftuse

t 09421 neEIGHdela sm 1gsd)eterm1mng gain
values. A goal of the analysis is to determine the appropriate values for gain parameters
and b. For this analysis, however, we will start with derived values of 4 and b determined in
a full analysis, and then characterize the resulting PLL performance with these assumed
values. A brief summary of the PLL linear model analysis follows.

[0043] Referring to FIG. 7, the phase detector 250, including an amplifier 252
having a gain Kd, is designed with a gain of Kd=1 volt/rad. The NCO 254 is designed for a
gain of Ko=fs rad/sec-volts. The two factors Kd and Ko can be conveniently expressed as

one parameter K=f5.
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used to assess the performance and stability. The
transfer function is best described using Lapl ace
wae@nessesm t echni ques. That is, - s+ k K F(s) MIPUS2006/043872
F(s) is the enbedded loop filter transfer function. An
' [d?ﬁii S eﬁ%@o&ﬂd@@p {r&%@erfﬂ;h&% B gggigﬂﬁfggf mbd?wme PIL can be
nventi o
usedainadsms :th&)perfdrman@ﬁ)ﬁnd $thb1élty dTé‘b@ fraper Bon nbest gescnbed using

act s of PLL in ternms of tinme constant?
Iﬁp?fai 3@ E%W§ %%§&Onstants refer to properties of
an integrator and gain conporenfg)of a loop filter
i mpl enmented with RC coﬁé’rrewu%‘g@ in an ideal
second-order PLL. The rel ationshi bet ween these tine
8160y Eéﬂt?ﬁn R YidoBNtSn fegl second-order loop filter
oS TLPENR, Sl s

FIG.” 8 and 9. It is assunmed that the
hassargpkfer fiatcdonf t he |ntegrator inthe loop filter is
fsd, which is deci mated by a factor_ of 9 relative to
t he FPLL signal |npuyigu1 i?te/s. [ 0046]
FIG 8 is a schematic dia rsalﬂ tlhht RA) ustrates anal og
RC tine constants. In FIG he ti me constant

(190451 FEineoiipeal analgie R Hiedoe AYFRARCHAS TPpUET<apBgieristios of
| ent P
the By BrfE by fip Gkl T i 327 AR, (40 O Fuiiefleff préyRies ofan

are: B ‘
intef3048hd Zhig coapohéntnof 4 tcmpﬁlmr ithpleatented withr RCenmplonents psed in an

idea} g#ogg qrgg%rwcllfﬁltbggf I}ae?]‘re pg 11?se %ﬁ%ﬁ% g‘?ﬁ g.nse];e:pf gndo their digital

equil 1e\’iﬁ z%evmﬁétﬁaté’w il Fr&&es nal w. aly fig agkuairaythanchez sdnSplé hete of the
anpi ng factor of the PLL, and[0049] The anal

integiegirgn tlankbopifiiter at ﬁdnwpmhﬂ@ dqgn@@edd?y 8 fiectqm of %[Fé@té@t@ the FPLL

. _a desjred valu g/ 64, and b=g2/1024. These val ues
signa} WPRYJURY Sﬁ@pgﬂla{?rfati on of a controlled | oop gain

Ef Gftr ZEI(Q § RalscRérhAWsdibdiem| thallhfrafsGinblog Rilitinielcpnstants. In
FIG 8, the time constants are:
tI=RI-C,and ©2=R2-C.
[0047] TFIG. 9 is a schematic diagram that illustrates equivalent digital time

constants. In FIG. 9, the time constants are:

1 a
g=—1  andz2= :
T fd b fod

[0048]  The resulting transfer function for the PLL can now be rewritten as

K-Fs) _ K-(s-22+1)/l
s+K-F(s) s +s-(K-t2/)+K /vl

H{(s) =

Furthermore the transfer function can be described in servo terminology as

2
2-¢ 0, st+o,

H(s) =
® s’+2-¢C-0, s+o]

where o, is the natural frequency and { is the damping factor of the PLL, and

K _12-0)"_ a-o,
w,,—w/E—Q/K-b-ﬁsd and { = 2 Z-b-fsd'
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snoot hly. The square of g is used in the second-order

filter in order to maintain a constant danping factor
W@300g/055380 es. This rel ationshi p shoul d beconme BCEBHE2006/043872

when we exam ne the expression for the danping factor.

Tive4dEL ™ maé whal 31Er& @M d G ﬁﬁ £ QEpfatRghc@softhe=PLL bsuggests a
Em%d—- Iy d%ﬂec— e’ The resul ting =8

desigrthivhlng cffafefg564,| @ndt hEs /{l(wso?rhwﬁ yalyaingra §hesset Br 2 fgnction of a
ht a 0,7071). [
coni MRk BOAECETL Ao EATIAL ot Ay WA, e ek
smodHey.s Mbetsquaré of § ipasediiauhasdcpnd-wpder tfiet it ordantol weintdi@t constant
t he danping factor_is independent of the cont rﬁl | ed
dampéngpfagiarras v aresg. Thih refajiashin i beotisss! R Wheps Werfgamine the

expf@é%lt)ﬁ ?(}ryth@ Iﬂﬁ% S%th%g TR, Igatu%frle@eagy ksh BE@fREed &8

tiplying gain quare root in the

denom nat or of | ac SS | ows
the vari abl%® g\bd %ggg @gﬁ; ZT‘@teé’t’f@l&/éecaiF:72vx5§,?ﬂlzhe PLL

to operate consistently and converge qui ckly over a
Thevwedeltingigmpofg factapisithen gai n control. The addition of

the frequency detection on the PLL is effective only

during initial freqgenc Qﬁcqmsﬁ‘fon 0051]

Performance resul ts” of 2a sfswul atifpn of the |nventi on

are shown in FIGs. 10- 13. FIG_ 10 shows th

cHI080] at dHisplraming factar, is spGslightly aheyastiting d;amnm& €0.7071), which

e BB o g S . BRUGOAY p0n  orcs

thatai¢ 8arhpigg Adards irideperddeardd the catgslted lburs g ealuegp I'Thks is a result of
and invol ve vari ous npdes, of operajion. Ini

usingrg py dissuliphing 0 196 2ABr fratBRS Safised e dﬁ% guliiphyingsfactor for
galr% Ee 'Pﬁé:'? e 1JOY SRt Ber ot h&t@f' of ttl'l@ﬁarh Sllﬂﬁ%&f)f’ Eﬁﬁ@%@ﬁllows the

ntion is as good or better w vari ous
varialbﬂarg}@ camehl rlfinmtfwuaﬁ chlbmsatl}esl’LIL o axpdliatd ocmsistt&mly and converge

final desjgn can us ttin
quiqits R T Pt AR S Prmtols fBa TR of b EidueEy detection
on th& Pqus bﬁmﬁef@ﬁtye(ﬁmguﬁgiakﬂsqmnsy a@qmstiu&p mo onents,

i ncl udi ng but not ted one or nore pr ocessors

of00aph| Iq Baltfmmnsep eqsum of & ﬁm@tgamredf e ievention afeog®an in FIGs. 10-
d
13, S 1" BB AT RSG5 b 40 LR B it

estilnBtel TEGAIL sﬁomttha Seq sy 6ftaf JEIE. 13 Rh&®s tRddagtiretdag g.
descri bed exang/l es W thout departing fromthe scope of

t HOSZhy e Reavisy seJ%Sémng rrier trackinecalgQsihg are complex and involve

a
vl o A AP o or
present hﬂ'dntﬁmimﬂlc&tel’l@lat ﬂﬁ Erfpnande of thieinvemiprars dsngnokl or better with

si gnal ;
vanous?q channel impairments and outages. In addition, the final design can be adjusted by

the parameter settings if needed.

[0053] The functions shown in the drawings can be implemented using known
circuit components, including but not limited to, one or more processors or application
specific integrated circuits.

[0054]  While the invention has been described in terms of several examples, it will
be apparent to those skilled in the art that various changes can be made to the described
examples without departing from the scope of the invention as set forth in the following

claims.
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generating a local oscillator signal in response to an
oscillator control signal; mxing the input signal
wowdaoh/oss9socal oscillator signal to produce a fPEBHUS2006/043872
signal; filtering the first signal to produce a
Whit kstcefigdd fd:- r st signal at a deci mated sanpl e rate;
detecting the phase error and frequency error of the
filteredlfirstA gngthed faorcaniearzeatking i t AWhtiebeid eptchannel radio

ignal fades: and uysi an adaptive loop filter to
rec%IrvgaSu%éeTﬁtéogg%rPPxﬁ%?%ﬁ‘e@g%FPgl signal in response to
the phase err @Ecediifl i BUEAENaler ror of the filtered
first signal. 2. The nethod of claim1, wherein the,
adapti ve | oop SERrREIS ¢ lpcalhossillagarisignat i respamsel & an oscillator control
gquency/ phase-1 ocked | oop. 3. The nethod of claim 1,
érein the adaptive loop filter maintains a nearly
const ant danpinfigingahd Mpudsighal avithtea e alodsciifassratgnahtof prodace a first
.initial frequency acquisition through narrowband
SIEfacki ng. 4. The method of claim 1, further conprising
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sighEl HdirMbRzed b 9@fibite FBGS aNdighATRicRTarigact or. 6. The
met hod of claim4, wherein the gain control signal is

derived as a fuging®enafapivedeoreikeniameetiush threoseillator chityel signal in
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im7, wherein the step of

.8, The_nethod of cl
thlﬁie‘fréﬁlifr?f@‘e?%gp}}ﬂﬁ%\‘i@i@‘? k9pP- and frequency error of the
filteredsfirstygsi Li|te I r it
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computing a gain control signal in response to the filtered first signal,
and
multiplying the first signal by the gain control signal to produce an
output signal.
5. The method of claim 4, wherein the square of the gain control signal
is used to maintain a nearly constant damping factor.
6. The method of claim 4, wherein the gain control signal is derived as a
function of an estimated phase error bias magnitude.
7. The method of claim 1, wherein the input signal comprises a plurality
of samples, and the steps of claim 1 are performed on a sample-by-sample basis.
8. The method of claim 7, wherein the step of detecting the phase error
and frequency error of the filtered first signal estimates a sample phase error, and estimates

a phase difference angle between each pair of the filtered samples for the frequency error.
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adjusted for stability conpensation. 11. The nethod of
claiml1l, wherein the first filtered signal has a

whandinssdsh | imted to approximately 2 kHz. 12. PpAhes2006/043872
met hod of claim 11, wherein an adaptive |oop gain
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ﬁma 0 3 ' in loop stability due to
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signal; a mxer for mXxing e i hput signa WX h'a
catagliatiorosigndl ltatatucs iphasal noise iprtheliocel ascillatatsigiabded to @proportional
filter for filter] the first signal t roduce a
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error of the filtered first signal, wherein the

filtered firstgesérgiizg a loopstabilidatior dighal tricoingensate for a reduction in
f : f .slhanal fades.. and an adaptive loop filter
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I control signal in

response 150 t g phaseue férotarfbe trafla &M AMehiihd An-Ei@nel radio
filtered first signal. 16. The apparatus of claim15,

recRySFe the APREAHE £PMIPYSINELop filter is an adaptive third

o dor {1 caency aess- LR o sy 1, cooer s
mai ntai ns a nedodal osmltEbafor gerdrpiina foeal acilyuRsignakin response to

entjre ran%(f .of operation frominitial frequency
an g3cilatar ¢ongR! $18pFugh narr owband tracki ng. 18. The

o e, LR 5l AR B B SEERR s
produce a first signal;

a filter for filtering the first signal to produce a filtered first signal at a
decimated sample rate;

a detector for detecting the phase error and frequency error of the
filtered first signal, wherein the filtered first signal is normalized to mitigate effects of
signal fades; and

' an adaptive loop filter for producing the oscillator control signal in
response to the phase error and frequency error of the filtered first signal.

16.  The apparatus of claim 15, wherein the adaptive loop filter is an
adaptive third order frequency/phase-locked loop.

17.  The apparatus of claim 15, wherein the adaptive loop filter maintains

a nearly constant damping factor over the entire range of operation from initial frequency

acquisition through narrowband tracking.
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filtered first signal; and a second m xer for

multiplying the first signal by the gain control
W@ 2@nabsos® produce an out put signal. 19. The ap@BUS1006043872

of claim 18, wherein the square of the gain control

si gnal iggusedr i j n ant danpi ng

Fagtor. 30 THaoap R oL P SRR EE,, The

gai n control <ippeassps fatesonyetingsa gaifiumootrdlosigodl ianresponse to the
ﬁl{%]%eti;p%ed E_Pagle error bias magnitude. 21. The

ap FEt U 4ot ai m 15, wherein the i nput signal

conprises a plaugeabhd YniRér foRTRhIGElyi the M@t SR BY Wse BAin control
.claim2l, wherein the phase error estimtes a sanple
siggpkiedreduce en grEPUE Hiendlr equency error estimates a phase

di fferen an LGS h ir.of .the filter .

sanpl es. 0193. %@ %@par astnﬂfga%]fm @I%ai"vrlﬁelieél? Q%%c}ué"fe.h Of ﬁlée gain control
sighblris tisei tgmadinfaiistha nbafyvdrdiaht ddoipihe thctar. appr oxi mat el y

2 kHz. 24. The_apparatus of .claim 15, wherein the _ )

osci | | at 8P corttedPrafisaf clada e whereas the gginseontiel sigaal is derived

as h BaRkioR BE hh l?‘&ﬁl?e[teds . Igdgg!errgf;lﬁa pfﬁ&gniﬂfdgp ortional

conponent of a proportion I ntegral output of

the | oop2Mi|t dhe Biparafiee ofiplanaty)swhdreial thieninpht, signal comprises a

\M‘i rei.n tt‘ie |l oop filter generates a | oop stabilization
Pl‘E?E‘Xé?FS &bnpensate for filtering effects of the | oop

filter onol oownhst yaldthy ofRGhifO21 EAMERIAIRYE LHhaAkbP Qtimates a
filtering effects resulting fromthe phase noi se.
sample phase error and the frequency error estimates a phase difference angle between each
pair of the filtered samples.
23.  The apparatus of claim 15, wherein the first signal has a bandwidth
limited to approximately +2 kHz.
24.  The apparatus of claim 15, wherein the oscillator control signal
reduces phase noise in the local oscillator signal due to a proportional component of a
proportional plus integral output of the loop filter.
25.  The apparatus of claim 15, wherein the loop filter generates a loop

stabilization signal to compensate for filtering effects of the loop filter on loop stability and

to reduce additional loop filtering effects resulting from the phase noise.
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