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Background of the Invention

In a CDMA system, each user is assigned a pseudo-noise (PN)
code (PN) or PN random sequence. The PN code is constructed from
15 channelization codes and scrambling codes, and has a much higher bit
rate, referred to as the chip rate, than the symbol-rate of the
information being transmitted. The chip rate is typically 2!i.e. 2, 4, 8,
16, 32, etc. times higher than the symbol rate.
In a CDMA base station, information for transmission modulates
20 the PN code, and the resultant chip rate sequence is passed through a
filter with a root-raised cosine frequency characteristic. The filtered
output signal is then modulated on a radio frequency (RF) carrier
signal, which is then transmitted.
In a Frequency Division Duplex (FDD) CDMA system, the base
25 station uses radio frequency f1 to transmit downlink signals to a mobile
station. In the mobile station, a locally generated reference signal with
frequency fl1’ is used to receive the transmitted signal. Ideally, the
frequency fl1 at the base station should be equal to the frequency 1’ at
the mobile station. However, since the two frequencies fl1 and f1’ are
30 generated using different reference sources, typically there will be a

difference between the two frequencies f1 and {1°.



30 generated using different reference sources, typically there will be a
difference between the two frequencies f 1 and f 1'. 2 Wth reference to
FIG 1, in order to recover the information froma received signal, a CDVA
recei ver 100 of the nobile station first down converts a received RF signal
105 to a baseband signal 106 using a m xer 107, a filter 108, and the

| ocally derived reference signal with 5 frequency f 1'. The received RF

signal 105 may essed as follaows: .r(t), = s(t)exp(j2~tflt) where s(t) is
t he baseband si gﬁﬁi‘ "cei??%ﬂ‘??gtq hgguéerméﬁ)éi@ifftpcrqcﬁf’%? eilBfprmadondromere 11
Is the RF | NCYe¢ rsl e, | | 106
can be wri %tafeéndeg‘ré?& rrsg § ’:s%( ?@%ﬁe&%%})f%éﬁéﬁgﬁ%b&g S%%Eﬁgﬁ?ﬁtea?%guency
error bet weenvehes aeregeieed IBF ssignal 1% tbhe Dasedldnd gégreakhil€é usirg ence
signal. The freq cy reference f 1' is prqvided by a frequency nultiplier
109, whi ch THHET ﬁﬁ?e@ tﬁﬁ@rf f@éu@ﬁ@the lgea yvg%raw rgderemace glgnad giiic y
referenge %&ﬁgéncé,tﬂat Is generated by a VCXO (voltage controlled crystal
oscillator) 1 o After down converting, an anal og-to-digital converter

(ADC) 120 convefTtis tdeeivith RBUsigaat D @30nsiyoangires8éd ta folldiwgd:t al si gnal . The
ADC 120 is provided with a sanpli ng cl ock signal having a derived reference
frequency f2', and which is al soTUEFis(Bexplidnt ithe frequency reference f'
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receiver, sufdin@stidh] Andle known to one skilled in the art, then processes

the digital signal output fromthe ADC 120. The rake
10 where f1 is the RF carrier frequency.

After down conversion, the baseband signal 106 can be written
as:
r(t)’=s(t)exp(j2nAft)
where Af=f1-f1’ is the frequency error between the received
15 signal and the locally generated reference signal.

The frequency reference f1’ is provided by a frequency multiplier
109, which multiplies the frequency f’ of a locally generated frequency
reference signal, that is generated by a VCXO (voltage controlled crystal
oscillator) 110.

20 After down converting, an analog-to-digital converter (ADC) 120
converts the analog baseband signal 106 to a digital signal. The ADC
120 is provided with a sampling clock signal having a derived reference
frequency {2’, and which is also derived from the frequency reference f’
provided by the VCXO 110, where a frequency divider 125 divides the
25 frequency of reference frequency f’ to produce the frequency {2’.

A rake receiver, such as will be known to one skilled in the art,
then processes the digital signal output from the ADC 120. The rake
receiver has several fingers, where each finger independently
demodulates different multipath signals, and then combines the

30 multipath signals to exploit the channel diversity. In each rake finger,
there are 3 branches, namely, an early branch, a late branch and a

prompt branch. The early and late branches are used for generating a



recei ver has several fingers, where each finger independently denodul ates
different nultipath signals, and then conbines the 30 nultipath signals to
exploit the channel diversity. In each rake finger, there are 3 branches,
nanely, an early branch, a late branch and a pronpt branch. The early and
| at e branches are used for generating a, 3 code tracking error signal, and
the pronpt branch is used for despreadi ng data and obtai ning the frequency

error Of=fl-fl'. In a rake finger the early and | ate branches are used to
i npl ement  £°C€adKRARBIRS r FoF pignahnanchd RFOMBE aREANFR Ssi%?‘éni‘?ﬁ ed by

a despreadi LI &l f i tdhesdespr eadi ng
circuit 1561%%8&%(?1? c\;m&tégaghcrbo%ta (r?% gs'itﬂg}ﬁg%aggﬂé#’%? ?(?]I;Ai(;lflligfull t 160 to

provi de an AFC ¢hr euirakE6Fingdr cthemeairty seadt hetd rmaumites edrfeorudddftol- f
1'. The AFC circuit 165 is a PLL, which_ conprises the tracking circujt 130,
the despred@IRI§mReRE Rt t1BEKING (CirREIEohBPol angl sihfhaPrefaRtr AhamFhei kcui t

r2 of the RHBnThyel by 3 CERESARER Lo BsBP 1l dno B Hhs s SRS
frequency ftBe dépreadiag/dNrcwitt NSOFSparatés wiyRi £ dontrolHeug g rgertbiating a

difference in the reference frequencies f and f' at the base station and
t he nobi | e C&¥GitohO0 he REeVigle SanphFQg cincattieh@d, avhicle mypimdses dthieon s

f2'. The r L.onshi et 1 r nce..f Jencd f be
(201 et SAGRS R cReliresy | Bt SRS SR TGIERThes, 0l chopriglh Pe
ppnFl e-6. tﬁb“ﬁﬁckhﬁg fiRAHENA EStHd 'deéﬁgeéc%'ngaéﬁcﬁﬁr h %6d dHPFhE N HREE
reference frequency 7', which i's provided by the VCXO 1io, and the

rel ati ddshispghel gerearating foixapiend@sedctaod which anill béelelsceidpeenizi esore and
f2 are: f 1-grugn f2=f/ N, respectively, the relationships between f 1 and
25 fl' andq:_?fl 8% 2 and f2' can be expressed as fol |l ows: f ' =f1(1
+Xppm) 2 = f21he frefifcy D’BidfHe SaniSIte Sighel, fthaqusnsiowiéd abense

bet ween the frequencies fl "and fl', the nobile station enploys the AFC
circuit 16ABC tl@Gyskoulshitee a firequengied2y whare ¢2=f ¥, Ivoidhl NydgemeBat ed
signal to the.frequency f 1 of the,received sjgnal. In the control. signal
gener at| ng BRIt HBSoET dalfu ey iRFarcet FheTelerende Caiquiiues { pod
frequengy p 4etiO b idialibn REINRER Hbile atueRs Cthd lacidi dampitith
produces a frequency error signal. Subsequently, the frequency error Signal
i s provi dedrequendyoat phe snobile statiéd is ¥B1 ch produces a frequency control
signal. The freqyenc ont r ol si%nal (s then apthied ta the v&go 11Q to 5
control the fregﬂ'éehﬁ logiship bESWERR LIS, 5icliense IreaueRses 1 8nd SutANat the
frequency %fi@tlreln%s-'f 1-f 1' is mnimsed. The control signal generating

circuit 160 w e described in nore detail |ater.
f=1(1+Xppm)
20 where X is the relative difference, and 1ppm=1e-6.

Since the frequencies f1’ and f2’ are derived from the same
reference frequency f°, which is provided by the VCXO 110, and the
relationship between the frequencies f and f1, and the frequencies f and
f2 are: f1=Mf and f2=f/N, respectively, the relationships between f1 and

25 1’ and between {2 and f2’ can be expressed as follows:
f1’ = f1 (1+Xppm)
2’ = 2 (1+Xppm)

In order to reduce the frequency difference between the

frequencies f1 and f1’, the mobile station employs the AFC circuit 165
30 to synchronize the frequency f1’ of the locally generated signal to the
frequency fl1 of the received signal. In the control signal generating

circuit 160 a frequency error estimator 162 estimates the frequency



In a 3GPP (3rd Generation Partnership Project) FDD system in order to
provi de coherent detection and sinplify channel estimation, a 10 conmon
pilot channel (CPICH) is transmitted in parallel with a dedi cated physical
data channel (DPCH). The known data synbol on the CPICH is used for
tracking and for frequency error estimatjon. As is known to one skilled in
the art, tracking is the process of achieving and nai ntaining fine

i t of th ,of th iyed PN cod d the 15 | | | ted
PN dode. - aiTEaABAl 38 ASHEGTOREH CaBeaRIChaAnand [ B FRCBRYRTEFBra -
gener;'?icﬁlg\«gl&;“%gﬁgyl%goge |apigesr:"<llat?1t ‘%J%%"??’oﬁgg Eljr%?’tus% .?kr?ﬂhg r%lc ?ng

circuit 130pnesviaed tthea datvapaygsifiiterob68havitithChredaoesla frequenaykesgtrohnd

the control si | generating circuit 160 using 2o .the data synbol on the
CPI CH chanrﬁégngﬂﬁf%?ﬁ%qw @%trpfétgm«ldy PopDBledde heny dquéhi es f1

and fl' = T i I It | Ao, g@%r wn
sanpl es 5a @&?@féﬁié&&e&@{%:&gﬂ%ﬂﬁ%ggmgﬁ (;%?gxg?l 4 ores , ?p% %@ﬁ@&?ﬁ?dom
sanpl er 13lthesfrequphey erpoaAfHilFf16fs eqitlimisedl Tht eoattdli gighal geAdsatiamg 133,

respectively; the 25 outputs of which are separately processed by integrate
and dunp (I€myuibI&bwaldbe desxibediin zagge defgil lader.esul t ant out puts squar ed

and 1358 are thdft Aok F bod hEPsptidh BHbBIR NG Rl i SRbI BT s
| &D pr ocessgridet36 prdideasshdreat ketectonh Und isimlifp CHinrhélee stitnRitfordfa t he
| &D processor 137 1s then provided to a loop filter 138, which provides a

ti m ng ®onteanmeynpilot ochaningl n(C ) eis1 3oangmdtteidhiing pegadledl withyraal

conprises tim.ng, control oufputs, whi 5 diaital, outputs . indicating
one ot ¢ i 3P0iPR<GEBhY Sica] o chanite (BHRID). i RESibGontt B R V" | he
timng contCpPiCHUiUsed fdietriadcking {milube FAPudheY iedesr @stimthfignSiANag to

the down sanpler 131 to nmaintain alignment between the PN code of the
recei ved sikmewngisdoneekille¢ddalthg ayéntraskang Psithoduoctse of ashievwngland 131

conprises three, del ay.nodules 131A.,.131 B and. 131 C .ea I sin

ot edet o i (G R IAHEITLARY BieamEn} of ¢he pIETE! Y peceiRR B ABAZ AT ye
spaced gpariochlly ideterted PR ¢dde and ¢8R WUpBHbridedoh RBe CEPRYH eéH R, ar e
each coupled to respective 1o sargl ers 131 D, 131 E and 131 F, which

provi de the out pat she¢ seaiveadiosal | YDMA aepeivendl 0Qit the Trackingi ¢igegitgh3® from
the timng no e 139.i5 coupled to t.he sanplers 131D, ,..131E and 131F, ,and
deter nf nes SRarHen£oneY SEER) FersPelisd: FEFRIC 180T A8 AilEamNnctABA ng
operation. JhRsIRSH €ReitAeriGhsWduit 180 asEpiedat® sgniBAGH theldpioH er 15
152, which provides a pronpt correlation output signal which is processed

by an i nt egtharnelnior doagkinigg@ndthe eentrol sighalgemarabng cicewsol6Q 5®ing

id the d d si I | si I ti i it 160.
Revur nig. i F5ek rompatiithght: Bl R hafnel O Sas bR HACdFrarehty
si gnal P( n)ezirérdBéﬁﬁé‘ér'i\eﬂmearfﬁecgi&’{éi%dflb)éﬁd‘Q’lpail‘heOftrétq{ib)g anediat 830

multipliers 132 and 133, the |&D processors 134A and 134B, the squaring
nmodul es 1350orapdisE858, down saipler1 381 that dioavn Samplesesstaceidd GRICHN

under st andi ng_of .t he .operation of the tracking,circuit 130, ,25 wher he
carl v corr EPAbRYGRIBROT S GAAF fr DA EHL | KbF SOEbSBsPIBdL? £ 1a Sanried
le(n)’ ~ | e} pait of arkr and Bltd fRfAtipMe?s CPES Ardd | 9B OHdSPHctHIedpPathé r om
the | & processor nodule 134B is: 30 Il (n) +jJ4Q (n), n =71, 2..° 6 The
code t r2&cki ogtpartsoof whigtalare(sspatataly tirecesktel by3dategnate lrerd deimp (1&D)
processors 134A and 134B, and the resultant outputs squared by
squaring modules 135A and 135B. The outputs of the squaring
modules 135A and 135B are then added together by an adder 136, and
processed by another I&D processor 137. The code tracking error signal
30 at the output of the I&D processor 137 is then provided to a loop filter
138, which provides a timing control signal to a timing module 139. The

timing control signal comprises timing control outputs, which are



witten as: P(n) = Ll 2c (n) + @I (n)~ - [12e (n) + Qe (n)~ In 3GPP FDD
specification, the CPICH signal conprises a series 5 of frames wth 15
slots in each frame, and where each slot has 10 synbols. In order to reduce
the effect of noise, the code tracking error signal P(n) is averaged over a

slot interval i.e. over a 10 synbol perigd to get: to P(m _ ~P(n) mel, 2,
... n=1 1o The averaged code tracking error signal P(m fromthe |&D
processor n rOV|de tothelopfllter 138, i ch determ nes
whet her th gﬁléﬁﬁ E@u{) h@grﬂﬁﬁjloé §¢ 34246 d-Bela z%ceg Q

predet erm :%Jﬁ% | e5qi
chips. Si n(r:]tgﬁela r%ﬁ% Q?S@%e%wgssﬁlé{@dugl\\/igga 5‘3}& {)Jes&ggs w@ecgnavgraged
code trackimgpdarleod 39 gmatide(sia tanihg s:lgnai/et(d» themiewu:h sbmapier WBtlhto
reference to FIG. 2, ..the operation 0 p filter 138 star 3205
with initiaMaRRnANEamS ‘?%e@oﬁ?ﬁ gﬁ Pog‘a qfié;g‘ﬁtli‘e\?@“’&ﬂ,lﬁ]tg&a N

sl ot count ey, Vgé?{ val ues are set as follows: P=0; 20 N:O
and nrllsnTﬁlgcgl\}eragggaE:%gN?‘%%% ing error signal P(m is then determ ned
215 using the exPhesdown sbavplerabhdlnoomprisds thiree |delaensidulest 1804,
averaged code trackin error signal P(m) is determned i.e. positjve or
negative. ThPiB |§ndohgl edete HRPOSHE mpr@d@mﬁmmpdetlmda@@d% eand
tracki ng error signal P(r‘r) is greater or less than 0. 25 When the averaged
code tracki 24, eespectvelyabhnd( bingsequaky epachdrapyrttinetipEsbyithe dmenfer

is increnmented 225 by one, and when the averaged code tracking error si gnal
P(m is | esBhehamtout tfrmnnebatdwlaycmmﬂle}esl\lare daudr e:mtpled f8Gebpectiee

Subsequentl a . det a 235, i de.as to wheth the slo er
s orealler THEPINE T tpd T ARt A ev i Sorasede e OBPUL dRbe e
operation t n d racki ng
orror s gnal A{ph Rptdnd AR, The GRS HE (HME ARagR 018" ] O
counter m ieogpkaltm thbhasamplera I3iDhelr3 detaardniliddtR,cand 4detesminds vasen o
whet her the 05|t| bter greater, than ten. Wen the positive
count er f‘g?%’a #7% b rperéomﬁ%ﬁg e&wﬁaneeuﬁpﬁamehns QRETAHER: ded 250
Ibﬁl E lhgl : ggfl I)'nl ;’tﬁep@%})ﬁaghﬁg c1?88fta&58”1s298u‘p'1‘§d‘ tbeauﬁﬂﬁnb? ﬁltﬂﬁtlpher

15 152, which provides a prompt correlation output signal which is

processed by an integrate and dump (I&D) processor 153. The 1&D
processor 153 provides the despread signal to the control signal
generating circuit 160.
Returning now to the tracking circuit 130, the code tracking error
20 signal P(n) is determined and provided by the pair of early and late
multipliers 132 and 133, the I&D processors 134A and134B, the
squaring modules 135A and 135B, the adder 136, and the I&D
processor 137.
For an understanding of the operation of the tracking circuit 130,
25  where the early correlation output signal from the I&D processor
module 134A is:
I,(n)+jO,(n) ,n=1,2..;
and the late correlation output signal from the I&D processor module
134B is:

30 L(n)+jO,(n),n=1,2...



1o when the positive counter P is less than ten, yet another determ nation
255 is nmade as to whether the negative counter Nis greater than ten. Wen
the negative counter Nis greater than ten, a timng control output of -1
is provided 260 by the loop filter 138, and the operation 200 returns to
the initialization step 210. Alternativel{y, when the 15 negative counter N
is less than ten, a timng control output of O is provided 265 by the | oop
filter 138, ,and the operation 20Q re ns to the injtialization step 2I0.
Wien t he ti’l?h‘shé:or‘?lﬁdtﬂaé&(i@é (‘rrée&%@a[ H%nf frAmgt rﬁcHﬂr d30p6an1the ke he

| oop filtegnﬁa%rlége timng nodule 139 delays the timng of the 20 down
sanpl er 131; en the timng nodule 139 receives the timng control output

-1 fromthe loop filter ﬁ@a: i dylre v es the timng of
t he down sanpler 131; and ehﬁﬁ’?%@}n%uf@%z@d?@iu ves the timng
control output (nfB8GPR FDI agcifitdttsn 188 CPICH igigngl 8odipesds3l saess not
change the timng of the down 25 sanpler 131. Wth reference to FIG 3, a

descri pfi orPfofrapies wwighr 40 slogndn gasbr heme endcwhereseaelvwlpsihamnslO The

frequency Strl 6 RYAES read, si gnal . fromthe

despr eadi n%‘r}{:“?fr’%ﬁi tlhg%férv\%oer;%aﬁﬁg tggsepfi%gaoqgﬁ‘glﬁgr ng CS}O%I F]r@c Wi%oelrr Pate
with a syntignglePir)ds hvefagedl detayasiot dfergal Le Obvdrng 1despmel peiripato | S
produced by a del ay nodul e 305 and a conjugate nodule 310, and a multiplier

315 then m#&tiplies 8 the del ayed conjugate version of the despread
signal with the despread signal to prpduce a resultant signal Z", , which

i@
can be witten as follows: Zm 5 gﬂ* ~J TéI)‘I') where, d", is the
PFr'?’ ET&@@@“% >

data bit of the current synbol , " 18"the data bit of [ ast
synbol ml; and where O is the freq’lféncy error i.e. ~f =fl-fl'. Since the

CPI CH annel i i c e : e =ad ,P(’“pw + 0. 7 {
t her ef grBe t he f%%%%@yﬁa%%gopggg Crgﬁicgrggd%rgrrnﬂ?%gg% by eﬁ’% é\%eng&’]j
equation: Iprecesged 180 i§ then provided] to-the loop filter~R88 Zwhicix HetbeheneRe and
Imare the real. and inagi nar% parts, of Z*, , res ectiveI)F/); and where L is

/i

the nunber WREEREUHRA Hmigg ofre &igning B dibsv 39 opheidbriadancaskeby a
frequency %%g%té}fmir%dlﬁdrﬁﬁéxeg?%hﬁ? la8¥o&réi§3é‘%ﬁ) ’E&ﬁ%x’e%t&fm&&f ﬂlumbgr

accunul at or an I magi hary accu an 1 nverse tangen
processor 3IF0chigmnSiideicaichg fidige fhagUERGlots,r 06 &eraddd valped\bfdgsk t o
the I ow pass filter 164, which consist of g multiplier 335 and an

i nt egr abor BAPagedterdd ittackinpgeard sigredr &(noncaa besdétimad froayuendy
control signal is 20 provided to the VCXO 110 to control the frequency of
t he VCXO 11020 nmke the frequency error ~f' tend to zero.

With reference to FIG. 2, the operation 200 of the loop filter 138
starts 205 with initializing 210 a positive counter P, a negative counter

N, and a slot counter m, where the initial values are set as follows: P=0;

20 N=0; and m=1. The averaged code tracking error signal ﬁ(m) is then

determined 215 using the expression above, and more particularly the

sign of the averaged code tracking error signal P(m) is determined i.e.

positive or negative. This is done by determining 220 whether the
averaged code tracking error signal ﬁ(m) is greater or less than O.
25 When the averaged code tracking error signal ﬁ(m) is greater than O,
the positive counter P is incremented 225 by one, and when the
averaged code tracking error signal ﬁ(m) is less than O, the negative

counter N is incremented 230 by one.



A di'sadvant age of the control signal generating circuit 160 is its
conplexity in inplenmentation. For exanple, the frequency error estimator
162 itself conprises a variety of conmponents including the 25 delay nodul e
305, the conjugate nodule 310, the nmultiplier 315, the real accumul ator 320
and the imagi nary accunmul ator 325. In adgition, 9 the DSP software to
provi de the inverse tangent processor 330 adds to the conplexity of the

control signal ggn rating circuit 160. In inplenmentation, the inverse
tangent functio ‘égﬁe%‘ée‘ﬁgﬁi pLAsIeHRIBALeR 23D pafs 8 toahedaroie sleg xs
x~ (-1)n X244 nl%rtr?lnfs ffoater Sh%e‘lg §/Hetr}71tﬁre slot cotntdm' istless than 16,07 @S
follows: tan- X) ~ X°X -~ wever, & GBove T orrul & Has Sont ’
appr oxi mat i threreth©operation206 rydirrenes Beep dilSacivastergEinghg tthe serhped
signal generating circuit 160. to Ug patent no. 6289061 by Kandal a teaches
a control siataltrgekingtdmmgr csignal t P(iat andcprveseds des plesadilsidymbovier om a
conbi ner_ of _out puts from Sﬁéeg]?t rake fingers, and the control sjgnal

S f

gener at iong APWEYIEE: d¥PEPnt FRYIERE e i$ oBTFAIE M ﬂl‘l%ndéépr%afdlrsﬁh%al .
The need foje@rnBRRIS B iPE LA st B RVRE ttﬁ@,é@ﬁ?fv%ag?ﬁhg&ab 1Y
produce a 15 frequency control signal nakes Kandal a'’'s control "signal

gener at i ng greater tthael &tnvWhenstheoppbitiveasotinter dhis @reat@nshagetedr,adi ng
circuit 160. Hence, there is a need for control signal._generating circuit

that is rel3mipgspntealoutng ekl iy nregided:2a0 by the leop FHerd 3& and the
appr oxi mat i | 1 he | [ T r
I nvention s@g??t%%ﬁ Ezr%(\g/?%’{e%r ﬂaqﬁémﬁgﬁéﬁgﬁ %llgéﬁp (})lr ggk%lc’)%]tdr?bﬁog%vnegl’
ggner ationg whenulilrtcblpmbitmf mnﬁntmrnﬂis (béssﬁth:hﬁet&ha%t lfé@!diﬂhéﬁ deb€rmination ]
abovenenti o .problenms of the priqgr art. Accordingly, in one aspect, the
present i nvﬁgg ilgrimadsvaside whetmr H}e fiegatve genErier ilﬁgsgrﬁ@m then tgn.
automati o NAMPIRE GARREOk LORTeC N Y frediBP UM 'tBh, A 4Mlingo0SK A O
output of -1 is provided 260 by the loop filter 138, and the operation

200 returns to the initialization step 210. Alternatively, when the

15 negative counter N is less than ten, a timing control output of O is
provided 265 by the loop filter 138, and the operation 200 returns to
the initialization step 210.

When the timing module 139 receives the timing control output 1

from the loop filter 138, the timing module 139 delays the timing of the
20 down sampler 131; when the timing module 139 receives the timing

control output -1 from the loop filter 138, the timing module 139

advances the timing of the down sampler 131; and when the timing

module 139 receives the timing control output O from the loop filter

138, the timing module 139 does not change the timing of the down
25 sampler 131.

With reference to FIG. 3, a description of the control signal
generating circuit 160 now follows. The frequency error estimator 162
receives the despread signal from the despreading circuit 150, where
the despread signal is at the symbol rate with a symbol period T. A

30 delayed conjugate of the despread signal is produced by a delay module

305 and a conjugate module 310, and a multiplier 315 then multiplies



an i'nput for coupling to a tracking circuit of the AFC circuit to 30
receive a digital timng control signal therefrom 10 a processor for
receiving the digital timng control signal and producing a frequency
control signal; and an output for coupling to a variable frequency
generator of the AFC circuit to provide¢he frequency control signa
thereto, the 5 frequency control signal Tor determ ning output frequency of
guency generator. In another aspect the present invention

the variable f f
provi des a tﬁs#ﬁrﬁaywércoguﬁg%ﬁ versianefddisedesprans signaliyith theodespread

s a i i freteapread
eceivi ng S poprgiibe flresiiiahe Gy, MIRCER A B R B aPs T

AFC circuit; b) processing the digitgk tim C ol signal to produce the
frequency control signal; and —Fdrmgi'dflrfg‘ﬁqag”z?té]uency control signal to

a variable frequency 15 generatgr aof the circuit, wherein the frequency
control signal deternf %’%’ ﬂﬁj?h‘?a@ﬁ%gﬁ%é}:&ff’FHér%?YéBEQFW;equency
generatgr. I n yet anqther gspect.th rese invention provides a control
si gnal gener ating ci redFte %m* léﬁhﬁﬁ%ﬁaﬁ@%%ﬁﬁéﬁ?@?%ﬁvr% (AFC) circuit,
the control signal g rati Lreuit conprising: ,20 an.i,nput for coupling
to a tracking circui S”nlg?ra&t 6/29%\?& ili‘qg&ﬁqc t‘?{rPEé-gr%éﬁaﬂgi tal timng
control si hgref r o] f r i Vi th g tal tinng
control si égr}ﬂ“t a%ﬁ{ h?lg(l)%tl{r:om}ggh gl pgéssiﬁrggatbpg)atstgg(aprgllrl%?’onttg?r{]he
di gital tindnhgdcqnt0.007 siogdl;, %eﬁefpr@caseorrefcﬁmerr edntiotg Ayhecah Imast
the portion of the digital timng control signal and producing a frequency
control si gleabrmanet by thiet followfing ecuatiomng to a variabl e frequency
generator of the AFC circuit to provide the frequency control signal
thereto, the frequency control signal for %%erg’ r}i ng out put frequency of
the 30 variable frequency generator1 11 m{ M/ anot her aspect the
presentjgi nventi on provides a mfwd_tgrn‘é i a frequency control
signal for an automatic frequency @antr ol FC) cirfcuit, the method
conprising: a) receiving a digital timng A VAW gnal froma tracking
circuit of 5 the AFC circuit; b) passing ak=ll east a portion of the digital
timng control signal;. c) processing the at |east .the portion of t

digital timng contrd’i’hgﬁ)egng# 300 bR EhE el SRR REG BB BRTS 3%4,, and
d) providi g_g thet.fre_queacy control signal to a variable frequency to

gener at or SPRETRFE 8 cuit, wherein the frequency control signal

where L is the number of accumulation.
The equation above for determining the frequency error Afis
15 implemented by the combination of a real accumulator 320, an
imaginary accumulator 325, and an inverse tangent processor 330.

Upon obtaining the frequency error Af, it is provided to the low

pass filter 164, which consist of a multiplier 335 and an integrator 340.
After filtering and integration, a resultant frequency control signal is
20 provided to the VCXO 110 to control the frequency of the VCXO 110, to

1

make the frequency error Af tend to zero.

A disadvantage of the control signal generating circuit 160 is its
complexity in implementation. For example, the frequency error
estimator 162 itself comprises a variety of components including the

25 delay module 305, the conjugate module 310, the multiplier 315, the

real accumulator 320 and the imaginary accumulator 325. In addition,



det érm nes output frequency of the variable frequency generator. Brief
Description of the Drawi ngs 15 An enbodi nent of the present invention wll
how be nore fully described, by way of exanple, with reference to the

drawi ngs of which: FIG 1 shows a functional block diagramof a prior art
CDVA recei ver conprising an AFC circuit;gFIG 2 shows a flowhart detailing
the operation of a loop filter in 20 the tracking circuit of the AFC
circuit in FEl . FLG 3 shows .g functional bl ock diagram o control
Cgnal | gendiis PP epfimiare Rrbtordailecielss Rnesrepracesas 330 SRS com
receiver W admPixi) b thé cbiigtol Qb’éeﬁetfa't{]r% fEQRO gENt of a control
signal generating circuit 1 n accordance 25 wt %e present invention; FI G
5 shows a functi dnamplevsntdiiagy; dheahverse fangentdunotiomecdn dife tdadizednt r ol

si gnal gen ratinq_.circuit in the AFC circuit in FIG 4; FIG 6 shows a

fl owchart & ST XRARYOPaESIRISP St he first embodi ment of the control
signal generating circuit in Fl& 55 307FIG 7 shepws,a CDVA receiver with
an AFC gj rcuit thattaﬁn‘bg?yz_s &i&cpﬁdﬁjﬁlaﬂi_.ryq_rﬁ_ﬁaf Xa_cont lgl|<§i gnal
generating circuit 1n a oréanc3=,- wigh the presempipyention; 12 FIG 8
shows a functional block diagramof a control signal generating circuit in
t he AFC ci reuas follows G 7; and FIG 9 shows a flowhart detailing the
operation of the control signal generating circuit in FIG 8. 5 Detail
Descri ption of the Drawings A coidr o(x)stgnal xger@rating circuit in

accordance with the esent jnvention receives a timng control signal from

pr
the out put BPWENETdtlas @Roveotorgyplar NREESOIBE FPRTORRAHOR iGTERTY,, WhiHd 1s
produces a fiequsiey & el |5 i cont rol
si gnal gene}?éattl ng c%rcggla?{"%lat I sesh eta&?rﬁu‘iljto? Bgrfe%l\r{ %%%r%ﬁn%n%{g%gggt@r&v\hi ch
are relmtively sUSplpatént imnpl &E8906 andy diaadadd teaghieseacoont®l gigaagsses,

such as inverse tangent processing of the prior art. Consequently,
appr oxi mat i fn@atig circuit that receives a despread signal from a combiner of

outputs from several rake fingers, and the control signal generating
circuit determines a frequency error from the despread signal. The need
for a combiner and the need to process the despread signal to produce a
15 frequency control signal makes Kandala’s control signal generating
circuit relatively as complex as the control signal generating circuit 160.
Hence, there is a need for a control signal generating circuit that
is relatively less complex to realize and is less prone to approximation
errors.
20

Brief Summary of the Invention

The present invention seeks to provide a method and apparatus

for a control signal generating circuit, which overcomes or at least
25 reduces the abovementioned problems of the prior art.

Accordingly, in one aspect, the present invention provides a
control signal generating circuit for an automatic frequency control
(AFC) circuit, the control signal generating circuit comprising:

an input for coupling to a tracking circuit of the AFC circuit to

30 receive a digital timing control signal therefrom,;



15 related to conpl ex processes, such the inverse tangent processor of the
prior art, are avoided. Wth reference to FIG 4, a CDMA receiver 400
tonprises simlar conponents as that shown in the CDVA receiver 100 in
FIG 1, except for the absence of the spreading circuit 150 and the control
signal 2o generating circuit 160, and thg presence of a first enbodi ment of
a control signal generating circuit 460, in accordance with the present

i nvention. The receiver 40Q conprjses an AFC cjrcuit 465, ich i s?%{
conpri ses a traékﬁﬁ@cﬁ§$%%8?r4§6?“%ﬂa ﬁﬁ%ﬁh%ﬁﬁlGpn§?%dﬁﬁﬂﬁgﬂé¥&P? GG rcui t

460. The Cﬁ}baglciﬁ%%r@g%%ﬁ%ﬁ%h%é?i G4 40 is coupled to 25 receive a

timng control sig si ng screfe timng control outputs, fromthe
out put of the diag toaitpuddiorfcdupling3® afvdriabler Aekjuegnoyi genetaté3yf e
t.o the VCXO 11Q.

d f [ trol .si | that i id
produces, o {aguency contiol SLOaL Lol s provded Lo e MO0 L1
present F'Og‘g?ﬁx}lé’ﬁcy?‘@é{ﬁﬂtﬂgﬁ lyfc’ﬁsec?ettepﬁliﬁﬁ‘l%t bﬁgpl'ti";l?r?gu%% r ok @i puts

of the ter"in atracking circuit to produc equency control
si gnal , whivalridble frequetsatyepemneaedot.ne frequency of the VCXO 13 This

avoi ds the need for additional despreading and conbining circuitry, as
taught by the pARofngtRer gsprct dher Bresentolven tion (prev Pomethod for

signal - gen i i i 3

conpr | ses Eeherfing 4 fghut¥h AHHEl Shpbliol 8h %y Rontallt MERRRNey Sl |
an i nput S5QAFQ)atirduit,ctiphrahbd dogaprietng:he timng control outputs fromthe
| oop filter 138; and_ another input 510, whjch is coupled to receive a

mul ti pllPer @ ThaereAVing|a digitdotiping erxral pighaldaem 3 tgasking circyibof put

515 conpri si . uct of the timng control output and a The
mul tipli erscifggulg‘gecel?#@g’t to anplifies the timng control output by an

anpl i ficatign faniovessaps edantdidity ainih@rasusel asigall tanpradnté f iled
timng control output. The integrator 460 conprises an adder 520 and a
del ay nodulfeeapncuaentad signalhgod that is coupled to the output 515 to

receive the,15 r L I L.nt e i g PL OVi cy
control si Scl)lal ﬁ%éﬁ%ggégﬂgét}eh%t%&% ér%ﬁ%gpﬁé) él‘@tngh{ﬁgg%%ée}? i on
600 of i5he gerdraedr Gfgtiae AECeealculy GiHerdin t‘}ﬁﬂfﬁé(?ﬁéﬁcﬁ(&)ryﬂrbh signal

determ ni ng. 610 whether a timng control output e(k) has been received 610
from t he owlgigrmimes putpyt frssprenicytefrthez@mrighle fregency aRemtosut put, as

rent) oned 0w e NG IE Slpd o5 SKELER, infepfon Rt LIERASIS,
t he out put gignhhedmanting tfcdid8fdroant ialitben£90t frefuentcputsntrol (AFC)
circuit, the control signal generating circuit comprising:
20 an input for coupling to a tracking circuit of the AFC circuit to
receive a digital timing control signal therefrom,;

a controller for receiving the digital timing control signal, and the
controller for passing at least a portion of the digital timing control
signal,;

25 a processor for receiving the at least the portion of the digital
timing control signal and producing a frequency control signal; and

an output for coupling to a variable frequency generator of the
AFC circuit to provide the frequency control signal thereto, the

frequency control signal for determining output frequency of the

30 variable frequency generator.



Wheri a timng control output is received 610, the nultiplier 462 25
multiplies 615 the received timng control output e(k) by the multiplier
OG, producing the resultant signal g(k) = e(k) * OG The integrator 466
receives the resultant signal g(k) and integrates it to produce the
frequency control signal 3o f(k+ 1) = fgk) + g(k) 14 The operation 600
of the control signal generator 460 then ends 625, and is repeated when

each timng control u |srece edfromtheloopfllter138 il
known to one skilP tdl?aﬁpo[%ﬁgr é\sPe?'h he presaH WCQUPE‘LPrQW%@e%aa@(?GﬁS ‘il\?AP
bandw dt h IS
the vol tage corﬁtgﬁlg?hfgr?s:q% | vly fé})rgt?spﬁlgr\?x(f%’ %%&;{o&ﬁ\}gﬁﬂ% 0 P

det er m ned (BY'Q)harquait} thmtrmthodmmnpmtsnmg VCXO 1o adopted. It has the uni t
of Hz/ Voltagg a is.the ge3| aranmeter, it has the unit_ of Voltag
Were, ii t he SCPHNG Ghelf B8 onfgpbsgnrldrom 8 frackig cicudt ghal
gener at gng t‘h'er&Fth&@thOf t he pr| or art, or is determned by error signal
aver age time in tracking circuit 430 accordl ng to present 15 invention. OC
i s a desigrb)par grestsing attleast alqioetmsnnﬁ“sth&élg@da]:ttmmglbbnféﬁﬂ sagigali; si tion
bandw dt h. SJG I's chosen to be a relatively small val h as .selection of a
| ar ge val u€)f or REGCESRINE Ehermt leastathe portion; ohghe f@) timing control

signal to produce the frequency control signal; and
d) providing the frequency control signal to a variable frequency
10 generator of the AFC circuit, wherein the frequency control signal

determines output frequency of the variable frequency generator.
Brief Description of the Drawings

15 An embodiment of the present invention will now be more fully
described, by way of example, with reference to the drawings of which:
FIG. 1 shows a functional block diagram of a prior art CDMA
receiver comprising an AFC circuit;
FIG. 2 shows a flowchart detailing the operation of a loop filter in
20 the tracking circuit of the AFC circuit in FIG. 1;
FIG. 3 shows a functional block diagram of a control signal
generating circuit in the AFC circuit in FIG. 1;
FIG. 4 shows a CDMA receiver with an AFC circuit that employs a
first embodiment of a control signal generating circuit in accordance
25 with the present invention;
FIG. 5 shows a functional block diagram of the first embodiment of
the control signal generating circuit in the AFC circuit in FIG. 4;
FIG. 6 shows a flowchart detailing the operation of the first
embodiment of the control signal generating circuit in FIG. 5;
30 FIG. 7 shows a CDMA receiver with an AFC circuit that employs a
second embodiment of a control signal generating circuit in accordance

with the present invention;



is d& PLL, fromlocking. In addition, the value of OG effects the lock-in 20
time of the AFC circuit 465, as well as the steady state error of the AFC
465. When the value of OGis increased, the AFC circuit 465 wll take a
shorter tine to | ock, however the steady state error will tend to degrade.
Al ternatively, when the value of OGis aﬁcreased, the AFC circuit 465 w ||
take a longer tinme to | ock, however it w1l have a relatively better steady
25 error. Therefore, the value of OGwi ||l need to be carefully chosen to
bal ance the per¥¥#mghcrowst Aefureiional thlpskaddagramdp! s agentnol opigsralt he

AFC 465. Thy ] [,an: | af | i1l be k 15
one skill eﬁ?%ﬁ%@?ﬁ?h%é]ogrb%%%%#%i?lg#r;ﬁ%aﬁf %gaf \(,)Mund i ﬁ ng},\?c;'? i ons

dealing with AREIG] OcshiosvsardfiBualchart devaiingt thé ldpeshtiaie of thepebhafogrance,
of the AFC circuit 465 using the control signal generating circuit 460,

rel ative tosSigRal grueratingqiraBbin FiGi §y the prior art control signal
generatigﬁg circuit 160, sinulation was conducted, and the results are
present ed herei nbel ow. The sinulation was performed on COSSAP, a system

| evel simulation tool by Syneyagli ]gesa'ﬁiptit)ﬁldquen]gr@@{@%gat ers were applied in
the simulation: 1. The Eb/NO =6 dB for an AWGN channe lo 2. The Eb/ NO

=10 dB for a Rayl eigh fading channel, the paraneter of the fading channel
is shown is TABL el Speed 50km hRel ati.ve Del nsRel at.i ve Power,

400576 10" TABLELorRT el el RS TRIEy Grrar i sngs P st R,
corr espondi fifyenich 9EEEIvES eqtigniey @ngsl sighalfebnd Bee l@:ﬁitﬁﬁt&fftl_tl'gegﬂ%ﬁl

signal generati ng circuit 160, K"'~-0*0OG =0.1 ppmand 0.2 ppm L= (Lis a
par amret & tlegp fifenodd tracking wincalit,hand eriodeges e fregiuemcy eontrobsignadans

that the fr ency. _err.ar. _.esti mg i swupdated ever [ 3 frame (.1 frame
oy anfIH S VpEvided s ANER) T TEo bTEak denbrt R drdpiar oc
every framecofmprifts hautapliePland AainteeR_bAWRRRICAFE telativelR&iRiplanse

with the present invention, as described, K--0~0G=0.2 ppm 0.3 ppm and the

PN 25 code impbikhanti sndpdacethavegquizefeampicx processess ech ids=80®mss. | n

addition, tp assess the effeftt of the inigial PN(gﬁPde hase ertror t he
fol | owi ng pHRtPEOGESSINg, BF the RUfPT fit- GORFeAcRly, approximation errors

15 related to complex processes, such the inverse tangent processor of the
prior art, are avoided.

With reference to FIG. 4, a CDMA receiver 400 comprises similar
components as that shown in the CDMA receiver 100 in FIG.1, except
for the absence of the spreading circuit 150 and the control signal

20 generating circuit 160, and the presence of a first embodiment of a
control signal generating circuit 460, in accordance with the present
invention. The receiver 400 comprises an AFC circuit 465, which itself
comprises a tracking circuit 430, and the control signal generating
circuit 460. The control signal generating circuit 460 is coupled to

25 receive a timing control signal, comprising discrete timing control
outputs, from the output of the digital loop filter 138 of the tracking
circuit 430, and produces a frequency control signal that is provided to
the VCXO 110.

Hence, the control signal generating circuit in accordance with the

30 present invention, advantageously uses the existing timing control
outputs of the loop filter in a tracking circuit to produce the frequency

control signal, which in turn determines the frequency of the VCXO.



16 6. The relative frequency error,
transmtter and a reference frequency at a receiver,

between a reference frequency at the
Is set to O parts per

mllion (ppm; 7. The initial PN code phase error is _ chip and _ chip, and
this 5 assunption is reasonable: after path search, where the initial
error is normally within _ chip; 8. Thejghannel is a Rayleigh fading

channel as

shown in TABLE 1, above; 9 . he Eb / NO =10 dB; and 10 10.
OWS.,

phase

KV~0*OG = Q.2 ppm . TABLE 2 bel ow sh a caonpari son the performapce on a
Bdditive wiitis BXQids a honeed (HAeIGisiRAY CespifadiRgnand oM pjaing

K" ~o*alLock .Ji i | state errorSteady state errorBER for
Drarpr i o AR e T A O 0% 0. 5 nBoms. 0. 006

m0. 0030Pr esent I lih2reftffificars® FIGIES Ghe7cordtroD a8 alvgeri ¢raniid) capuriy @&os0. 3
nD~ 0.00285 TABLE 2 ~s TABLE 3 bel ow shog\/gqa conpari son the performance on

a Rayl ei gh PeEfTRgS EBAolG eheiRvcensehan

*alLockPgssi
Art 300*%0. 1

10

15

20

25

30

m}t)r;s%ad'nultlplier 462 and an

GO TR0 BRI DB e s el

mD. 03144Pr esecivd*the2pnmih@Odbrstdol ppo@u e fropp the 1865 Filtere i 88p m3tdDaRpneiO0ns0.
3ppnD~ 0.03062 ~ TABLE 3 20

input 510, which is coupled to receive a multiplier 0. The multiplier

460 provides a resultant signal at its output 515 comprising the

product of the timing control output and 0. The multiplier 460 in effect

amplifies the timing control output by an amplification factor

represented by O, to produce a resultant amplified timing control

output.

The integrator 460 comprises an adder 520 and a delay module
525, and has an input that is coupled to the output 515 to receive the
resultant signal, integrate it, and provide the frequency control signal at
its output 530.

With reference to FIG. 6, the operation 600 of the control signal
generating circuit 460 starts 605 with determining 610 whether a
timing control output e(k) has been received 610 from the output of the
loop filter 138. The timing control output, as mentioned above can have
one of three states i.e. 1, O or —=1. When none are received 610, the
control signal generating circuit continues to monitor the output of the
loop filter 138 for timing control outputs.

When a timing control output is received 610, the multiplier 462

multiplies 615 the received timing control output e(k) by the multiplier

O, producing the resultant signal
g(k) = e(k) * Ol.
The integrator 466 receives the resultant signal g(k) and integrates

it to produce the frequency control signal
flk+1) = f(k) + g(k)



17 From TABLES 2 and 3, the AFC circuit 465 that uses the signal generating
circuit 460 of the present invention, advantageously provides an inproved
Steady state error performance relative to the prior art. However, since
present invention as described provides a control signal 5 generating
circuit that couples directly to the oujput of a low pass filter of a
tracking circuit, and produces a frequency control signal for coupling to a

VCXO, int f. iniLtial. PN d h ., th f
e AFC oy HsG OREE tPBeRORyPY: the PARER] SaRel BaBebielcrePriien ehdh 880ond
enbodi nent 8fd {HeepeRtdPwisd I RACHIBRSHR! EGGt6 t1@0rMdive @b:RCthe

descri bed, which results in inproved frequency response perfornmance. Wth
reference doeptfdteFl@8.7, a CDMA receiver 700 conprises sinmilar conponents

as that shown i,n th CDgA receiver 400 in FIG 4, 15 with the e ption of a
second enmbodi méht ¥ ﬁ be Gﬁf“frbﬁoﬁrﬁnﬁ kaéﬁg?‘ she frtdn wlptions®, ai)igr;' ct dance
with the p@ﬁgﬁﬁéTRngQthﬁdt B . CSNHeCAREI jccui t 760 discards a

pr edet er m ne ndhber m of the fi rstetin?Hg control outputs fromthe | ow
pass filter 138. In this description, the rst 5 timng control outputs
are discarded. A description of the &, of the disturb tine now
follows. Wien there is no frequency error Ti.e. where the frequency error
equals to Oppm there is an initjial PN.cogde phase error. Wen the first
several outputs fromthe PN tréﬁa?qungﬁ %s not discarded, the initial PN

code phase emmg%ﬁr@%oi% ﬁié%%tﬁg%héﬂ%ﬂrm §BRsARGHF bf GHElVXERD 120, Wieh can

| ast for about 750 nms. During thi Isturb tinme, tthe maxi mum f requency

error is O.v&lppnof dfvee ishdptémmirieal beyr the padtitidapprorhponenthop VAKO al
error. For the chip injtial, error se, within 180ns the frequen error
Wil e pebeEd gﬁgaﬁﬁhﬁmt%rﬁ%/n\g@ﬁ%ge-ms e dasigh ParagRier.gé 1as o.
For the _ LR h 31 L or case, within 30 360ns the frequency error wll
come back ﬁ@bg??aﬁgﬁﬁgﬁ ‘or another 300 nms, it will converge to 0. It wll
be appreci at ed Whesdersiki thieetdmencdristaart | anélistdetermitedbgdl, illceneidicui t,
the initial PN code phase error will also 18 effect the AFC | oop. Due to
the | ocal PRERadEeHatNSHOIrcHit LoQ oftbaiprien art, wirtih daterpineddy &Itor he

R T e R S R o

FI G 7,5t hanfeatibmer 700 conprises an AFC circuit 765, which itself
conprises the tracking circuit 430, and the control signal generating
circuit 760. As Qliishatdesign rnsaraentiedj menich déeerovmesothes AdiCiicimperied®S ng
circuit 760 is coupled to receive a timng control signal, conprising

di screte tidoqudsitioii mAndwiditt O fisothdésen 10 Betputlaivdlpesdalli valud, aop
filter 138 of the tracking circuit 430, and produces a frequency control

si gnal thatsdléctis®\Gfdethrge d1eeer@lddh pYevéht EhenFT Ritcnitues,8vhith

control signal generating circuit 760 includes all the elenments of the

control siggal ﬁ%‘éﬁéﬁ%ﬁ%@h{é“ﬂ& aﬁ?gti?ﬁg%@g%@#%f et S W' PlekIRflul e

705. The control s an hat 1s coupled to receive

the ti 50N 60! GOt OHFRULIELAMEHaL A0 bl ok3Ry aadle BprfibPifle REQ: L hat

is coupled to provide elt the timing control output as received fromthe

loop filter4@338WHyn tRe RAME AT @ ibrieRreassd, WHNARTEdirRuiPubs will tulkere the
output is zero. The nultiplier 462 has an input that is coupled to the

out put 810;shgt@Ntindd b Nedk,| ipWevérlthe Bhiaely tit6 @uPdewill @eh@GBi degrade.
multiplier OG The multiplier 462 provides a resultant signal at 1ts output
515 conpri Alterndtevaly ovhen tie vakie ofiOhis decreased ptihg AF.C caceiiy ¢65fwidin t he
out put 810, and OG The integrator 466 conprises an adder 520 and a del ay
nmodul e S25,taked hasgemtimepta lddigthowewvauitl weill have leralatipaly bdtiet steatyei ve
the 25 resultant signal, integrate it, and provide the frequency control

si gnal 2&t iarsopuifpereRae, thiet nakus of hcwill onggds togbet parefpdlyachesenote of
the control signal generating circuit 760 starts 905 with initializing 910
a tinmng cdrlparedheqarfensnanee ok the lock in timeargl steadysstateeraet ef théed

out put of TNECT 8o, TR RS nRE by Btiebett ek BRCERe L Sk oo
19

continues to



noni'tor the output of the loop filter, however, when a timng control
output e(k) is received, the counter k is increnented 920 by 1 i.e. k=k+1.
Subsequent |y, another determ nation 925 is nade as to whether the current
counter value k is greater than a predeterm ne nunber m 5 and when it is
not, the control nodule 705 provide a fr@guency unchanged out put. Hence,
the output 930 of the control nodule is h(k) 0. When the current counter

value k is great a edeterm e nynber. m the contr dul
brovi des. ¢ HERG EBIAI B rithy e PO (e BLOTEAGOn Adk. D% AR piR 935
of the Contﬁ@bh@?ﬁl&ﬂlgdeﬁh %‘x)wtﬁ RF@ClrJ ﬁs’&"{j& PELJser 462 then nultiplies

940 the received timng co out put e nultiplier OG producing
t he resultant sdgnatdcg(ﬂo) ilbusttae t‘heqieﬂfbemamtoegrfaﬂmAﬁﬁﬁcmenm% usheg

resul t ant SI nal i ntegrates, 15, i raduce the fre uency nt r ol
signal f(k+ mgrfgf gﬁ%er HOgHEF ULt %@aﬁfgagfmttﬂe&’@o‘ﬁ% FLret nﬁg
generat@r 7 I sly
prevent s a ‘Sé*e?e’ﬁﬁ % BT 1R Soplol iRl pehPRue CIRAIRER %?‘?%‘ﬂ? TRy 20
processed bgondhectrmll tarpi ithe reSRilndre presen gy hbmsm&n@diowwﬂimmlmptamm t he

frequency respons AF cuit 765.in case of injti N code phase
error. In avRadEr ﬂne P%‘-"C t A SYSUSTRileY Sl &rlyl%éw&wlﬁgy SHRoRsiRe
managenent , t 0, tor is not used to
adj ust the A T‘E%??E%*ﬁ*agnéﬁi‘%@%ﬁ%‘éﬁe%%QFP%%E“%I.‘% R O 050 s
results in ho chae@b/NO HeedBedbeyan AMEGNechaminelnce of the AFC circuit 765
is illustrated by the simul atlo results in TABLE 4 where none of the

timng Qont o| ¢ S/ QB ke @@aylwgboﬂ%%agwrm hthapmarameigeof t he

first five ¢ 195 tpY (gsjgalr 20 Initial

PNDi st ur bMaX| nmu tg%for co t requencystate err or DPCHphase
errorerrorPresent |Invention_ chip750ns0. 4ppnR. 8e- 8ppnD. 03063(1h *a )* K~
~~0 =3*0.2 m_ chi p750ns0. 6ppne. 8e- 8%596@5@6&1]%& 4 Tnitial

PNDi st ur bMaxi munst eadYBER [arive Dela (ns) Relatjve Power (dB)
forcodeti nmefrequency rrorerforerrorPresent—Invention_
chi pOrs000. 03058( 1h j*—K—*ai §—=3*02—mI—-ch-pOrs00003058TABLE 5
P ( 976 A ©
TABLE 1
15

3. The frequency error is 3ppm, for a 2GHz carrier, corresponding to

a 6KHz frequency offset.

4. For the prior art control signal generating circuit 160, Kveo*0l =0.1

ppm and 0.2 ppm; L=50 (L is a parameter that is used to estimate the
20 frequency error, and L=50 means that the frequency error estimation is

updated every 1/3 frame (1 frame =10ms), and in this case, 71 =3.3ms);

and the PN code tracking is updated every frame.

5. For the control signal generating circuit in accordance with the

present invention, as described, Kveo*0{=0.2 ppm, 0.3 ppm; and the PN

25 code tracking is updated every 3 frames, in this case, 171=300 ms.
In addition, to assess the effect of the initial PN code phase error

the following parameters are applied in the simulation:



5 From TABLES 4 and 5, it will be appreciated that the frequency response
performance of the AFC circuit 765 that uses the second enbodi nent of the
ctontrol signal generating circuit 760 provides inproved frequency response
performance. 1o The present invention as described provides a control

signal generating circuit that couples girectly to the output of a |ow pass
filter of a tracking circuit, and produces a frequency control signal for

ling t VEXO. _Thi.s i lish | tiplyi h tin trol
cutbut 15 Pecer JAIF FghiveHEcER oot Retvel meSefenie fthepg e
resul tant sigRsittEPAnEaUetédrdhcei H8Ghehdy hP@NrdBiGY 34 &dt 49 P a%cggt h:

frequency control signal. For inproved frequency response performan

control | er miliondppny;di scard the first few timng control outputs fromthe
| ow pass fiJter,, ,As.the c rol, signal generating.circyit of the present 20
i nvent i on conpriS¥s HARHEHI ?FI:)FPQ? %ﬁ%ls%r?%r?ﬁ é%r—a?g‘rll? 3Rd g GOAP o AR LIS npl e

in consgr ucld easi big| SHEN Ngaddipt i he. sk I!&qg ation
i s not gepgﬁggg?ﬁgﬁna?ﬁ?ggﬁa lg?brmgk?:i ch s&yﬁdelrss appfo‘gll:lﬁwrsl??tgtr? glrllrtlo@r? ) t%’te
control si gmadr genermiallygwithiui ¢hipf t he present invention is not adversely
af fected by, apprgxi mati on.errors. . . 21 Thus, the present inventjan S
descri bed ptovi 3&? %ﬁ‘é‘ﬂ‘?&d%ﬂﬁ&%&?&ﬁa{a&ng&ha&“ s & Oé"f‘bﬁ%lnlt@éhg iti ng
circuit, whjigdyeovercones or at |east reduces the abovenentioned problens of
the prior art. It will be appreciated that although only particul ar

enbodi nent 9.of THOHEL/MNErR{1OcdBhamd been described in detail, various

nodi fi cations and i nprovenents can be nmade by a person skilled in the art

wi t houttodepd).t i A OH2 ppaope of the present invention. 22 Cains 1. A
control signal generating circuit for an automatic frequency control (AFC
circuit, the coMABLEsirisdlogersdtoatrs ng compuarismontiie gperdormaarce mputa f or
coupling to g, tracking circuit of the AFC circuit ;to receive a digital
timng contdHiEe ntet%ﬁlﬁlaan@maeBAS%%&@PW&W%@W%&%- di gi t al
timng control signal and producing a frequency control signal; and an

out put forrcoupting ﬁh&l)\wﬁjcc?l e SuIvisey gﬁdé‘-éribcréu w‘gté‘é'& BER for
Time maximum state DPCH
steady error
state error
Prior Art 300*0.1ppm 120 ms - 0.05ppm 0.00387
300*0.2ppm 80ms - 0.006ppm 0.0030
Present 3*0.2ppm 1000 ms 0.2ppm 2.5e-7ppm | 0.00286
Invention 3*0.3ppm 700ms 0.3ppm 0 0.00285
TABLE 2
15

TABLE 3 below shows a comparison the performance on a

Rayleigh fading communication channel.

o

20

(1/71)* Kveo *au Lock Possible Steady BER for
Time | maximum state DPCH
steady error
state
error
Prior Art 300*0.1ppm 130ms - 0.06ppm 0.03205
300*0.2ppm 85ms - 0.02ppm 0.03144
Present 3*0.2ppm 1000ms | 0.2ppm 2.5e-7ppm | 0.03065
Invention
3*0.3ppm 700ms | 0.3ppm 0 0.03062
TABLE 3




lo AFC circuit to provide the frequency control signal thereto, the
frequency control signal for determ ning output frequency of the variable
frequency generator. 2. A control signal generating circuit in accordance
with claim1l, 15 wherein the processor conprises an anplifier coupled to
receive the digital timng control sign and a predeterm ned anplification
factor, the anplifier for anplifying the digital timng control signal by
the predetermn a ifjcatjion ctor roduce nplified digit

timng control ?ﬁ’@ﬁ%nﬁlf\éi‘légt%éi T ee;“gﬁ:g%rﬁb“taﬂggu&tﬂh ué%%ﬁh%cﬁqg’agto
provi de t hgeakphiihbedrdii9ided) of e BY gé}Ftt- ey : r janal
generati ng%gi rcuilt gi nr aclcorda(r)lce%V\Pt?'u C a@%g%ﬁéggvﬁﬁtﬁéeﬁgge@?g?d urther
conpri ses am impegved steathvstage mrompetformamoedrel ative teithie griver artpl i fi ed
digital tinging control signal,. the 25 integrator, for jntegrating the

anpl i fi ed ﬁ%@?&?r,tqlﬂfwrgs?m Hrveé}%|ast<§eg§ﬁr&m&@r9w@eﬁr Geeies} signel ol

si gnal 1Saniéeh'é?atiﬂg?tﬂf RthBR P18 ! tcf%@b%QQh? o?rapl’dvggzatsggilter
frequency contro ignal. 4. A control signal generating circart in

accor dance ofi ahtralckiing2¢cirduityhandi prodacasphi frequeteypcosesolasigdli fbd er,
and wherein the, predeterm ned,a%fi cation factor conprises a

predet er mi FORRHAE itRl R CHREXSH 12 capgrimnitial PN code phass sriehgthae

diqital ti . . e .
faator to Bt reaiie] ol A A P U B T I En B R
t he anpli f ipdthdd efirog. control signal conprises the nultiplied digital timng

control signal. 5 5. A con#}ral signal generating circuit in accordance with
cl ai m 3%wher ei n A BECORG GMbY lreengpif HHC CONRY $18Rak BAPCERREIAIr it (189 AFC

ai m 30uher | ceontrel Hizgek
Control i G Rogh POEEaTRNT, SuReld Ficits B ALY BHRIGy, i,

i nput for qmrfdrima@nte. the tracking circuit of the AFC circuit is adapted to
receive at |least _three digital outputs, wherein the at |east three digital
out puts represeVitthrelergnee dpewt tq §4Ce 6t at ePMAsreceiver: RO epmnrgses

generating s(ﬂ-['rﬁfe:alij éor('x;x%o%%%% %asnflfat\é\%fl{)]wgll %L@lg C‘ﬁgﬁf ir@céit} ri4'6buh% fF?E}A

coupling to tra ng crrcu circuit ‘s adapted to reckive

three digi twithothpukescephioreidf a fdecohdoferhbedifeet @ifght ebnetdlpwignal
indicates timng delay, wherein a second of the three di gi_tal out put s

i ndi cat es tgcmeHgtiag eeuit R0, WReacgardancki vithothe mresent Hpgentipg; (e

out puts indj [ 3. I h . A r at.l a
frequency CSitref cliE 48 MCE i 5 B eripSachUuatfit 3h RABEHELY,
the met hod to@ifg icdintes] Gutpesefrshmehe 16wghass filter IEB.Clenthrl dss@iwtioh) om a

tracking circuit of 25 the AFC circuit; ) Lo
the first 5 timing control outputs are discarded. A description of the
20 cause of the disturb time now follows.

When there is no frequency error i.e. where the frequency error
equals to Oppm, there is an initial PN code phase error. When the first
several outputs from the PN tracking loop is not discarded, the initial
PN code phase error causes a disturb time in the AFC circuit 765,

25 which can last for about 750 ms. During this disturb time, the
maximum frequency error is 0.6 ppm for _ chip initial error and 0.4
ppm for _ chip initial error. For the _ chip initial error case, within
180ms the frequency error will come back to 0.2 ppm and for another
400 ms, it will converge to 0. For the _ chip initial error case, within

30 360ms the frequency error will come back to 0.2 ppm and for another
300 ms, it will converge to 0. It will be appreciated by one skilled in the

art, that in a typical AFC circuit, the initial PN code phase error will also



b) processing the digital timng control signal to produce the frequency
control signal; and c) providing the frequency control signal to a variable
frequency generator of the AFC circuit, wherein the frequency control

signal 30 determ nes output frequency of the variable frequency generator.
24 9. A nethod in accordance with claim@ wherein (a) conprises receiving
a plurality of digital outputs. 10. A nethod in accordance with claim 8,

wh i i i Vi t | t th i.git tputs, wh i
the at 1 caltiTEeh e AFCAI TR pUfuEr 8B E0EnIOFAT cENGidads chE Mibgputo Okt ec.
the at | casts OBt plt ¥ P kMg aacs ef P

ot N RS BACEIN the SIRICB, oIARESII (LR AIIDhS S, ERRIYA N0

three digi outputs, wherein a first o ree out pu

i ndi cat es towipgt adl Hye QRECHI chamsesdoiyd effectéd, twihid dugthert edfdqiutlse

i ndi cat es ttj m ng del ay, and wherein a third of the three digital outputs

i ndi cat es tFAIRGIFERBIHCHHERERFed. 12. A method in accordance with claim

8, whereain (b) ' | infeyi Lgital-4&hm r ilgnal by
a pr ede'?)er m ned?ﬁ%ﬂ@?@aﬁ?&ﬁ@aﬂ%’r &tgogﬂp;éf(ggsgfgtegnrfg?m é}?ﬁpgggkt(ﬁ gh Zﬁﬁ?i m ng
control si griatuitafi@Sprvelioti igelfheommiisdd eHe dirgtkitlg tcirduig 430t aald shenal .
13. A nethod in ﬁcporagance with claim12, wherein_ (b) conprises 20

mul ti plyi ngcamHECkSignal|gsanerrHREcHRtw| 760 ghaIwith thefisstcembediment, the

mul tiplicatg . U1 i A i.Q i1

ignal, and Grgef Gifthal RARINER BuDME R0 RY ORI b NE S Mg |
anpl i fied digitrel dignahgconanprisingidisatete 2finlihg Aonetdlodutpudctyrdatise with
claim12, wherein ﬁ;?{ﬁl further conprises integrating the anplified digital
tini ng PontQWIPW ghdine digitalglrep dilter rlééu@ﬁgiaecamcfl@ngsmgﬁwt, 48R¢ and

G routt for o R R Ry B bP ey JRat R pfo AR B iy RERQ ARG ' 9

si gnal gener at i Wgtltirefetehcé QBPFIG] 80the cdhti) dignyl gbAer£@bp! difgLit 0760
tracking circuit of the AFC circuit to receive a digital timng control
si gnal t herigchades alkshe rdemants pf the conitre) sigaadiggnesntingnrirgutonPPel

ignal and.he1SOMAdRTn CORRRTAbAIIETOLCARE ARORT hOMAL Fdipibald

timng contro rocessor recéiving e€as € portion

of the @i giingutt 8BOS ndhatdBtdcripled Gdatecrive ﬂﬁ@@ﬂﬁid‘?c@nff&%ﬁ@ﬁn feof tloé
signal; and an output for coupling to a variable trequency generator of the
AFC ci r cui tlopp filtexilds, tand prequtpat 8dOnthal issequpled: tepepvidet ¢ithap the

frequency cont.rol  si I termnin u t, fr en of the varpable
frequency g@%’ébgtcgﬁtgqggugﬁ%ggsrrglc:gqg"iggn%f)abgﬁgrlg{’?ﬁg%%ﬁ ?%ﬁi’ P ritﬁ %rczoé’é#%ance
\évi t _ht c: ai M 4 $reqifeeicsi intAanged loitplLgl. e eifiéreSee Glitpidid zdrel receiving the
igita
J The multiplier 462 has an input that is coupled to the output 810;

20 and another input 510, which is coupled to receive a multiplier . The

multiplier 462 provides a resultant signal at its output 515 comprising

the product of the timing control output, received from the output 810,

and O.. The integrator 466 comprises an adder 520 and a delay module

525, and has an input that is coupled to the output 515 to receive the
25 resultant signal, integrate it, and provide the frequency control signal at
its output 530.

With reference to FIG. 9, the operation 900 of the control signal
generating circuit 760 starts 905 with initializing 910 a timing control
output counter k to O i.e. k = 0. It is then determined 915 whether a

30 timing control output e(k) has been received from the output of the loop

filter 138. When none is received the operation 900 continues to



15 timng control signal, a determ nator for determ ning whether a
predetermned initial portion of the digital timng control signal has been
received, and an output for providing the at |east the portion of the
digital timng control signal after the initial portion of the digital
timng control signal has been received;g20 17. A control signal generating
circuit in accordance mﬁth claim 16, wherein the processor conprises an

lifi . t th t f the.d tal
cont ol *si JRAMGHAEE SR iR Ao T AP TERC AR 2 HEUBRFIRTel for
anpl i fyi ng dipgat et a§§ reBEivRel LI céddindbr I0§sdirflirkRertdidd BD.AE Y 104 Si gnal

by the predeterm ned anplifi cation factor to produce an anplifiéd digital
tim ng contkdk+ki Guhsequentlyhenaniptr dc‘@rrrnmntmgl 9A5datrpatiecarutd sthether

provide th |Lifi dd| i contro naI 0 18. A control

si gnal gengt n?‘ﬁﬁre& rcccf]'f’lgtelrnvaa{blgg%dgr%gaéﬁ ttrbacﬂ Bf YR ChrBeessor
further scormid Sehed it NseHor! Ot'heh%\b'rﬁgolafinbaﬁ'}@ myp#;ﬁ&vm raeq%qafeﬁ&e
anplified digital timng control signal, the 26 1 ntegrator

i nt egr at i ngin¢lkanged iotitptit dHgincal the mutgutcﬂﬂ@ of the g:mitro]onmthdaae H(kp
frequency coptrol signal, and the integrator having an output coupled to
provide t he requency control signal. 5 19. A control signal generating
circuit in accoyfaRCehdcliréhfBuhfer W’Qﬁi@knlsf f‘e:ﬂ'ép'th‘h Y ?@H@téﬁﬁﬁn@

mul tiplier, and wherein the predeterm ned anpl Ffication factor conprises a
pr edet er mi medmhert npl thaté¢artrbhahodnld perowidds mheeredemvednj:lirtriipgyctmgtrbhe at

| t th t he d t al | th d d
1o mul t10p) [ Ere ko HERcEo the Gantbu TS it th e e ot e 1 W) Goftiol
signal, a”dI‘H‘@%%ﬂﬂPthlE? 48D tﬁéﬁ%&ilghﬁ]%scgabf Ohe sﬂe%@?\}ed:ctmﬁﬁxéeéoﬁﬁ}ﬁl

mul ti pI ied digital timng control A control signal “generating
circuit in aegartdakdyviidmblaiphe: &1 1prodesia grtHdh&,-smmﬁt gighatoupling to

the tracking circuit of the AFC circuit is adapted to receive a plurality
of digital outputs, wherein the pregilg)tg egyinitial portion of the
digital timng control signal conprises & gredet erm ned nunber of the

plurality of dighd %te{gﬁéﬂﬂt 566326 WR8 e rdsll é}&tﬁgﬁ'al‘gﬁ HQTRE¢HETeS

counter for counting e 20 predeterm ned nu er o outp s. 21. A
cont rol15si ghab pyedacatthedrequency contmd siguizince with claim 18 wherein the
input for coupling to the trackin t. of the AFC circuit is adapted to
receive at least three digital ﬁbgtli ud"HeJF&(lﬁ the at least 25 three

digital outpwd %ﬁ%ﬁﬂi@ﬁ@ﬁo bptige cehhfo@rs?gﬁaﬂ %&h—%e&é@?@@ et eAd§ 930, 0!

signal generating circuit in accordance wt aim 18 erel n the input for
coupling to the trackKimgffeictcthe aintrbé rABGude raﬂnanuageadmﬂ)y@kdvemtec;al ve

three digital ut.s, wherein a first,of the three 30 d| uts
i ndi cat es t}?rrﬁ‘fﬁ'é E’ér’rlwd THEPRST Qs HIBIRE oo oLt HPéEu(’i?g aro(’i‘&t [‘38

i ndi catgs th Mc@gsé’&rﬁythéﬁﬁl {e?1 46 R alldl fiik H{tegepftho q ?G(; Whith %{;ﬁ%@é’t S

indicates timng re ns unchanged. 27 23. A r generating a
frequency ctd:mfret;lusngylabsponsamfathbohﬁf)i adrénit {65 iy casetofainitiAFEN codevui t,

tracki ng. ciGEe SGTOR khe KREEFHCIREn BYE Rk iy i Bagesisist BPoRo e
digital tiRAQe GRAhABEMPANRhe first few outputs from the PN code generator is
not used to adjust the AFC 765, and the input to the AFC circuit 765 is
25 0. This results in no change in frequency.
The performance of the AFC circuit 765 is illustrated by the
simulation results in TABLE 4 where none of the timing control outputs
are discarded, in comparison with TABLE 5 where the first five timing
control outputs are discarded.

30



c) processing the at least the portion of the digital timng control signal
to produce the frequency control signal; and d) providing the frequency
control signal to a variable frequency 10 generator of the AFC circuit,
wherein the frequency control signal determ nes output frequency of the
vari abl e frequency generator. 24. A nethgd in accordance with claim 23,
wherein (b) conprises determ ning whether a predetermned initial portion
of the digirtar—t+mng—i5—gotntrosstonahas peen—reeetwed—and—pEavi-ghng
the at |east the portion of Inifial I%ﬁigi Lipturt TNTRXimURY | o) Staadya arcggfofhe
predeterni hed initial pordiorC€ t he &M t affeALENY | Pate 8oki|g P CHas been
received. 25 A method in|HPASe@HOEe with ¢l aBFPPA. |wherein (d) conprilses
20 recei vi pdresentunyentign ¢of dichip al | H0ms $. 0Zpprn ek.8edppm 4c@.683068ce
with clai m25(1/aheKei.fot he ipedipi-tial—pottionof tHe digital
timng con{rol =8i@agdmeconpr i ﬁh% pq&?@m i AEPPAYNhEBeBPRMe p@-@?ﬁf’at y of
digital outputs, Zb5 and Wherein deterpR@y % (e whether the predeterm ned
initial portion of the digital timng control signal has been received
conprises counting the predeterm ned nunber of the plurality of digital

out put s. F—Arethot—+r—aceprdagnserwthi—-elatm23—pheretn—Gal—copprhses 30
recei vinglat |east three di ;lﬁ' il FN ﬁﬁtgfb WWaximim feStaadye 4 s BER fole
digital odtputs represent thre®dgi{eliBit | HgArene| esstate 24 2BPCH ngt hod
in accorddnce with claim23| RR3%&in (a) cHnpLlrees fec®ingd three dilgital
out puts, wherein a first of|thararhree digital outputs indicdtes timng
del ay, wher ePresen$nentionf | he dhiipe¢ dings t @l oW put $ i ndi cat{e9.030%8ng
del ay, and whengJr &b hird pf the three di yital 5 optputs indicates timng
remai ns urichangedp 228, A ne ho®hilm acOmmslapce W th ¢l ai h 23,| #3088 |( c)
conpri ses anmptifyrmyg theat teast—th tomof—the—digirtatb—t+rmng—cont r ol
signal by a predeterm ned anplificati or to produce an anplified
digital s1lo timng control signal, and providing the anplified digital
timng control signal. 29. A nmethod in accordance with claim28, wherein
anpl i fyi ng the diromezABLES fiorrdon bfwilhbedippresiatadhihagt toetdrequengnal by

the port | oncapgres BIRGrrldRtd 87 (RCAHC FAPBLC TB ST A} Hafs®ht Tadind at on
factor to mindsdemermiblime eerirol iabnhl Barereeny dirouingeo Fdueyi di ng

the nultiplied digital timng control signal as the anplified ital
tim ng contimproyedrinequencroesponaa performanseor dance with clai m 28, wherein

(c) further co i ses_integrati the applified digital tim ontroL
signal o producd's MrerB]ENEr Bk T oL BIgHT BRSPS A dir ohe BP8huency
control si erafing circuit that couples directly to the output of a low pass filter
. Ayh. A@ . Aﬂ{y. A¥{f Ahf . ASyy. Ayh2. AS. Ayhf . Ay. Af {y. AA. AS. ASy. AhyE

f aA]

.Aff. ASy. A Facking. ABRUIRS BErApyosimces. Af frganerSyageitrdy signalk dnxa@2u
G coupling to a VCXO.

This is accomplished by multiplying each timing control output

15 received from the output of the low pass filter to produce a resultant
signal. The resultant signal is then integrated to produce the frequency
control signal. For improved frequency response performance, a
controller is used to discard the first few timing control outputs from

the low pass filter. As the control signal generating circuit of the present

20 invention comprises a multiplier and an integrator, it is relatively simple
in construction and easier to implement. In addition, as the
implementation is not dependent on a formula, which suffers
approximation errors, the control signal generating circuit of the

present invention is not adversely affected by approximation errors.
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3lel J9/ 10!'1.10&8 control signal generating circuit for an automatic frequency

control (AFC) circuit, the control signal generating circuit comprising:
5 an input for coupling to a tracking circuit of the AFC circuit to
receive a digital timing control signal therefrom;
a processor for receiving the digital timing control signal and
producing a frequency control signal; and
an output for coupling to a variable frequency generator of the
10 AFC circuit to provide the frequency control signal thereto, the
frequency control signal for determining output frequency of the

variable frequency generator.

2. A control signal generating circuit in accordance with claim 1,
15 wherein the processor comprises an amplifier coupled to receive the
digital timing control signal and a predetermined amplification factor,
the amplifier for amplifying the digital timing control signal by the
predetermined amplification factor to produce an amplified digital
timing control signal, and the amplifier having an output coupled to

20 provide the amplified digital timing control signal.

3. A control signal generating circuit in accordance with claim 2
wherein the processor further comprises an integrator having an input
coupled to receive the amplified digital timing control signal, the
25 integrator for integrating the amplified digital timing control signal to
produce the frequency control signal, and the integrator having an

output coupled to provide the frequency control signal.

4. A control signal generating circuit in accordance with claim 2,
30 wherein the amplifier comprises a multiplier, and wherein the
predetermined amplification factor comprises a predetermined

multiplication factor, the multiplier for multiplying the digital timing
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is adapted to receive a plurality of digital outputs.

10 6. A control signal generating circuit in accordance with claim 3
wherein the input for coupling to the tracking circuit of the AFC circuit
is adapted to receive at least three digital outputs, wherein the at least

three digital outputs represent three different logic states.

15 7. A control signal generating circuit in accordance with claim 3
wherein the input for coupling to the tracking circuit of the AFC circuit
is adapted to receive three digital outputs, wherein a first of the three
digital outputs indicates timing delay, wherein a second of the three
digital outputs indicates timing advance, and wherein a third of the

20 three digital outputs indicates timing remains unchanged.

8. A method for generating a frequency control signal for an
automatic frequency control (AFC) circuit, the method comprising:

a) receiving a digital timing control signal from a tracking circuit of

25 the AFC circuit;

b) processing the digital timing control signal to produce the
frequency control signal; and

) providing the frequency control signal to a variable frequency
generator of the AFC circuit, wherein the frequency control signal

30 determines output frequency of the variable frequency generator.
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outputs represent three different logic states.

11. A method in accordance with claim 8, wherein (a) comprises
receiving three digital outputs, wherein a first of the three digital
10 outputs indicates timing delay, wherein a second of the three digital
outputs indicates timing delay, and wherein a third of the three digital

outputs indicates timing remains unchanged.

12. A method in accordance with claim 8, wherein (b) comprises
15 amplifying the digital timing control signal by a predetermined
amplification factor to produce an amplified digital timing control

signal, and providing the amplified digital timing control signal.

13. A method in accordance with claim 12, wherein (b) comprises
20 multiplying the digital timing control signal by a predetermined
multiplication factor to produce a multiplied digital timing control
signal, and providing the multiplied digital timing control signal as the

amplified digital timing control signal.

25 14. A method in accordance with claim 12, wherein (b) further
comprises integrating the amplified digital timing control signal to
produce the frequency control signal, and providing the frequency

control signal.

30 15. A control signal generating circuit for an automatic frequency

control (AFC) circuit, the control signal generating circuit comprising:
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an output for coupling to a variable frequency generator of the
AFC circuit to provide the frequency control signal thereto, the
10 frequency control signal for determining output frequency of the

variable frequency generator.

16. A control signal generating circuit in accordance with claim 15,
wherein the controller comprises an input for receiving the digital

15 timing control signal, a determinator for determining whether a
predetermined initial portion of the digital timing control signal has
been received, and an output for providing the at least the portion of the
digital timing control signal after the initial portion of the digital timing
control signal has been received.

20
17. A control signal generating circuit in accordance with claim 16,
wherein the processor comprises an amplifier coupled to receive the at
least the portion of the digital timing control signal and a predetermined
amplification factor, the amplifier for amplifying the at least the portion

25 of the digital timing control signal by the predetermined amplification
factor to produce an amplified digital timing control signal, and the
amplifier having an output coupled to provide the amplified digital

timing control signal.

30 18. A control signal generating circuit in accordance with claim 17
wherein the processor further comprises an integrator having an input

coupled to receive the amplified digital timing control signal, the



] A MorAAXY: ] 10@BLOYR () - 109&' () - MLOYR ()-9& 109& ()- 9! 10%&' () -
109& ()- 10AAAAA - 347 / 10f sz#10%& ()- & 109& ()- & 109 ()- |310%& ()-!p3
M09%FF& ()-13 10%& ()-_&p " "dE/ 10 " 109 ()-f 109%& ()-F10%&' () -
109%&' ()- 10%&' ()- @LO%& ()- Eaaa$bNccdE:/
10f YAz#109%& () -, M 109%& () - S*#10%& ()-)' bgO%& ()- & ! 10%& ()-
$' 1109 ()-cc' d(d)d*d-djddbC 10 :!10% & () - 3: |10%&' ()-y 10% & ()- 10 10

108: ! 109& ( L6' 1 10% d* ee9f afff} 9b % N#lO(V - 109 & ()-F
10% & () - gl 16, OF }lFeSr!a%B% the ‘Jj mfifed g digt E;éj @%ﬂglﬁ@}& Sigadl'ls
produce the frequency control signal, and the integrator having an

output coupled to provide the frequency control signal.

5 19. A control signal generating circuit in accordance with claim 17,
wherein the amplifier comprises a multiplier, and wherein the
predetermined amplification factor comprises a predetermined
multiplication factor, the multiplier for multiplying the at least the
portion of the digital timing control signal by the predetermined

10 multiplication factor to produce a multiplied digital timing control
signal, and wherein the amplified timing control signal comprises the

multiplied digital timing control signal.

20. A control signal generating circuit in accordance with claim 18
15 wherein the input for coupling to the tracking circuit of the AFC circuit
is adapted to receive a plurality of digital outputs, wherein the
predetermined initial portion of the digital timing control signal
comprises a predetermined number of the plurality of digital outputs,
and wherein the determinator comprises a counter for counting the

20 predetermined number of digital outputs.

21. A control signal generating circuit in accordance with claim 18
wherein the input for coupling to the tracking circuit of the AFC circuit
is adapted to receive at least three digital outputs, wherein the at least

25 three digital outputs represent three different logic states.

22. A control signal generating circuit in accordance with claim 18
wherein the input for coupling to the tracking circuit of the AFC circuit
is adapted to receive three digital outputs, wherein a first of the three
30 digital outputs indicates timing delay, wherein a second of the three
digital outputs indicates timing delay, and wherein a third of the three

digital outputs indicates timing remains unchanged.
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27. A method in accordance with claim 23, wherein (a) comprises
30 receiving at least three digital outputs, wherein the at least three digital

outputs represent three different logic states.
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