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ake full advantage of the processing potential of the
coherent reference at the receiver, the acquisition of frequency and timing is performed

first. The maintenance of the coherent reference is achieved by tracking. Often the
same synchronization mechanism is used to perform both acquisition and tracking.
Among the most common architectures are the phase lock loop (PLL) for phase and
frequency acquisition and tracking, and time-tracking loop (TTL) for chip timing
acquisition and tracking. If the data is modulated directly on the carrier signal, or
through a square-wave subcarrier, a suppressed carrier signal will result, and typically a

special class of suppressed carrier tracking loops is then used.

[0003] There are different types of loops to perform chip level phase tracking.
However, the performance of current PLLs, particularly those that operate with
suppressed carrier signals, should take full advantage of the processing potential of the
system. Current PLLs suffer squaring loss, lower symbol-to-noise ratios (SNR), and

require more hardware resources than necessary to implement.
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802.11 or similar systems. The invention takes advantage of symbol rate processing,

which affords an increased SNR and less hardware, and applies a chip-rate phase
extrapolation technique to correct the phase between the symbol updates. The invention
uses an efficient mode programmable decision directed phase discriminator for optimal

noise performance and implementation.

[0008] A typical embodiment includes a demodulator receiving a phase error signal
from a comparator at a chip rate and providing a phase error update over a symbol
period of a symbol rate from the phase error signal wherein the chip rate is higher than
the symbol rate. A phase discriminator produces a phase error output at the symbol rate
from the phase error update based upon a signal modulation type. A loop filter
produces one or more phase estimate parameters at a symbol rate from the phase error
output and a numerically controlled oscillator (NCO) extrapolates a phase reference at a

chip rate from the one or more phase estimate parameters at a symbol rate. The
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bandwidth to improve the overall performance of the PLL.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Referring now to the drawings in which like reference numbers represent

correspondiﬁg parts throughout:

[0013] FIG. 1 illustrates a block diagram of a PLL circuit embodiment of the present

invention;
[0014] FIG. 2A illustrates the chip and symbol rate relationship;
[0015] FIG. 2B illustrates the QPSK decision regions;

[0016] FIG. 2C illustrates the BPSK decision regions; and
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The present invention describes an apparatus and
OVmat.hod of inplenmenting a decision directed suppressed
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Tracki ng [0020] Taking the | EEE 802. 11b standard as an

dissxiamipiter anther ehiprate phadelcatrepriatiom pogticulstlyt ggplicable to WLAN
di.fferent types: differential phase shift keying
ap WS‘(ei t her bi-phase or

Exemplary IEEE 802.11 Signal Model for Carrier Tracking

[0020] Taking the IEEE 802.11b standard as an example, the signal modulation can be
of two different types: differential phase shift keying (DPSK) (either bi-phase or
quadrature-phase [BPSK or QPSK]) modulation for 1 and 2 Mbs data rates, and
complementary code keying (CCK) modulation for 5.5 and 11 Mbs data rates. In the
case of 1 and 2 Mbs data rates, the signal is spread by a square-wave subcarrier signal in
the form of a Barker sequence (a class of pseudo-random (PN) sequences with specific
correlation properties). In the case of the 5.5 and 11 Mbs data rates, the CCK
modulation is superimposed on top of the DPSK modulation and can be thought of as a

square-wave subcarrier waveform as well. Thus, the signal can be written as follows:
S(m)=dnT,)-Sq(n)-explj27(F,+ F)n+® 1+ N(n), 1

where F‘is a residual frequency error observed in the received baseband discrete

signal. Note that the rate of the square-wave signal and the data modulation signal are
different, and some additional processing to remove the square-wave subcarrier is

usually performed.
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an SNR gain of apprommately +10.4 dB. The PLL phase error updates can be

C*m

computed at the symbol level (a slower rate) by the discriminator 104 and applied to the
numerically controlled oscillator 106 (NCO) for the coherent carrier reference

generation at the chip rate, or even a sub-chip rate.

[0023] FIG. 2A illustrates the relationship between the chip rate and the symbol rate.
A symbol interval or period, Ts, includes a number, Nc, of chips each having an
interval, Tc. In general, processing within each section of the PLL 100 operates at

either the chip rate, 1/Tc, or the symbol rate, 1/Ts, as discussed hereafter.

[0024] To provide a chip rate phase reference from a symbol rate phase estimate, a
linear phase error extrapolation is performed. This technique assumes that the worst
type of error is a first order ramp. This is sufficient for most practical low to moderate

speed wireless applications and specifically for 802.11 WLAN systems where low-
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[0Q25] The closed loop PLL transfer function can be
prt—eﬁ(ﬁed—ﬁ)y examining the FIG1 diagram H(s) = “4)
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[0026] In the exemplary embodiment, the square wave subcarrier is removed by

performing an Integrate and Dump (I&D) 102 operation. This operation can be shared
with the standard IEEE 802.11b demodulator or one dedicated entirely for the PLL 100.
In this scope it can be considered as part of the PLL without loss of generality. The
I&D 102 block is termed “Complex I&D” and can be a soft symbol estimate produced
by either a Barker matched filter (BMF) block or alternatively, by a CCK correlator
bank or any other despreading mechanism that removes orthogonal subcarrier and
accumulates coherent energy over one symbol period. The importance of the I&D 102
inclusion into PLL data path is emphasized by the fact that the PLL phase discriminator
104 as well as loop filter 108 operate at the symbol rate and benefit from the processing
gain associated with I&D 102 mechanism. The processing gain of the I&D 102 can be
defined as Nc — the length of coherent integration in chips (typically, the number of
chips of the square-wave subcarrier per symbol). All the PLL processing from the 1&D
102 up to the NCO 106 is performed at the symbol rate.
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the PD gain (applied as KI shown in FIG 1), and Ko
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NCOIIUE pleaatrefencdcCkhe F(n) value, on the other hand, is proportional to the

derivative of the phase, or the frequency error between the received signal and local
NCO 106 frequency. Note also that the frequency represents the rate of change for the

phase, and therefore can be used in a linear phase extrapolation method.

[0030] On every Ts interval (or symbol boundary) the new values of F(n) and L(n) are
generated by the loop filter 108. The L(n) value is selected by the multiplexer 118
block controlled by the “symbol_clock_enable” timing signal 110. The L(n) value is
added to the shadow register 112 of phase accumulator 114 state (shown as shadowed
block on the FIG. 1) and loaded into the actual accumulator state register 116. The
shadow register 112 is only active on symbol boundaries or when the new update is

available from the phase discriminator 104.

[0031] Between the symbol phase updates, the NCO 106 outputs an extrapolated

phase reference in the following manner. Every Tc interval (Tc = Ts/Nc chip duration
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mﬂﬁ?l@ﬁ@ﬂ"‘svbl%% e llace thesi.@nalpdatectol /adt to M@@qé&ﬁv &Ima 112. It
erence. The F(n) val ue, on the other hand

i s
logslsdho pemyelathadey ragestergdyi ipierthe ehave acramypigs 14 éIatet Tggister 116

f I I I
B RS hEl i Fh BRe ERET FARR Pl 34 208 oL rr R
represents the rate of change for the phase, and
therefore can be used in a |linear phase extrapol ation
nmet hod. [0030] On every Ts interval (or synbo
boundary) the new values of F(n) and L(n) are
generated by the loop filter 108. The L(n) value is
sel ected by the multiplexer 118 block controlled by
the "synbol - cl ock-enabl e" timng signal 110. The L(n)
value is added to the shadow register 112 of phase
accumul ator 114 state (shown as shadowed bl ock on the
FIG 1) and | oaded into the actual accunul ator state
regi ster 116. The shadow register 112 is only active
on synbol boundaries or when the new update is
avai l abl e from the phase discrimnator 104. [0031]

Bet ween t he synbol phase updates, the NCO 106 out puts
an extrapol ated phase reference in the follow ng
manner. Every Tc interval (Tc = Ts/Nc chip duration WO
2004/ 021660 PCT/ US2003/ 027017 8 in seconds), the
phase accunul ator 114 inside the NCO 106 is updated
with the F(n)/Nc value, produced by the divider 134
bl ock fromthe F(n) output of the loop filter 108 and



sel ected by the multiplexer 118 bl ock. The Qk) val ue
is an extrapol ated version of the phase reference for
wer@p2ho p bet ween the synbol updates. This cpelt/Us0ex027017
until the next synbol boundary when the new val ues of
L(n) and F(n) are avail abl e9and nultiplexer switches
to select the L(N) update to add it to the shadow
register 112. It |oads the copy of shadow register
112 into the phase accunul ator 114 state regi ster 116
Phat8 Gegeratioh Uk etlivekA@wTalie (LUA) e phase extrapol ati on
wth the new val ue of F(n). WO 2004/ 021660
[00‘3@1{/ USZHO 342 210 di nalOfrBmaNE CCacinailaton 1sLh1 igegenokaludpin digital
le (LUT) [0032] Note that the S|gnal from NCO.
1mptlcm§matlam ard n@d&ﬁ) bfhtD@QE?d e adual pipg gqq gpsme functions. This is
ntati
A
12@ECOTPhidsdxedcting thém ifiony tHeI‘IeU']? 400 bssedfon Shanmtemad vidas p@ (k).
in alook-up table 120 (LUT) and extracting themfrom
the LUT 120 based on the integer value of QKk).
Pré¥: S ERABRER 6 JAeDirsd e PRise @lik@tininhws e Di scri i nat or
‘[%’0'331 The decision directed phase discrimnmnator 104
[0(‘33?) TR &RisldiRetRA Hhdecd®iHmifhtor FO4- (RO dh Iili\npbﬁarmfelement of
the present invention, as an |EEE 802.1 |Ib fra may
PLRavmbodidjeatseoit tl@eglwefrrttsmwlttwndlaﬁff’élr HHE t%%éébofffame may have

nodul at i on I n,.ge st
adjagent . fgem Pr"o c#?t??rg{}feltgr%% "Fﬁf %1@81&111%1 er Bgs ngﬁﬂe&m Ale signal
coﬁ@&@dﬂi@h I%ﬂth@ l%hiphﬁ symdbEleagidvillte dithanBPSKemORSK {kﬂﬁﬁdl}lg on the

Three main frane segnments are of inportance for this
ratgjagé thesfragpe scgPEnt- pr eanbl e, the header and the data

unit. Typically, the 802.1 Ib frame will hav .
[0¢3Hanb| Trechanain §raalewa?gn@m$arﬁi§€m01f tiEwpolangEgios @FSSF%ISC“SSIOH the

constel.l ati 0. h 0 igihe
gl che Sl ol Pl SRR TSR ShpRD Bpneletave
pr&@sle fthdt Ss awyg lti@hs{nﬂ@tlersmgna‘:‘BPSK tdstellasen. 18he .hwleofpomon

the preanble, and therefore a contro nal
th@eqa@rl@q gither @P,Sl(ppbgaf‘&lﬁt HEOW" élgeepr&ia ][er n’? )G)re oafn the %eader is

un'tféluke gtgm{x%f?f ?H%Sl%&l iﬂaﬁhsog'% caniti& a%ﬁttﬁerﬁﬂﬁé b @Bn®@b] signal

rarre ows t er 1s 'known fromthe
cali ®@generhieé taigeprogaad tlumphdse dmsnmntatprr dpkeovjsea e ¢rastelbation over

104 yet ag ortant to t .
the Golarosiien Bilf hgﬁg@ @?&%@ eader is knopi i%Jé?nOIt,]he header fields,
andi aff Bk %ged to reprogram the PD 104 yet again.

[0035] It is important to take advantage of BPSK constellation in the decision directed
PD 104 to minimize the propagation of the decision error, and thus make the PLL 100
more noise resistant. Another advantage of having a programmable PD 104 is that it
allows controlling the dimension along which the BPSK signal is aligned (commonly
Real or I dimension). This eliminates a 90-degree phase ambiguity in the rotated
constellation and makes BPSK demodulation possible with symbol decision regions

preset in advance by the PLL designer.

[0036] Several more advantages of having decision directed PD 104 include avoiding
the squaring loss that results in the case of a Costas type discriminator (I(n)*Q(n)) or
power loop discriminator and avoiding the squaring operation all together, which makes

a hardware implementation more efficient.



PD 104 to mnim ze the propagati on of the decision
error, and thus nmake the PLL 100 nore noise
WO emudL®HE . Anot her advant age of -having a propCEHURB0S/E@27017
PD 104 is that it allows controlling the dinension
al ong which the BPSK signaliois aligned (commonly Real
or I dinension). This elimnates a 90-degree phase
anbiguity in the rotated constellation and makes BPSK
§§To hPIsVOh el trle@pa the stoggl proportional to
[OOpr esgltﬂelqhélp vani)%gzélﬁ?l\ﬁgl PLL desi gnerp OOSég'_[el Sevgr al
the Iphaee extvadepanytisg of theavxmgted@@nstﬁléwoar r“éh,et degispoy Hegapns for the

orbRamd R fonstelfionsdfe SRAMLBIGSRR AR FEREEN ) o
[Oﬂgﬁ]gr raifh@ ﬁctggli zf’p%}rj%arénpggctffot% eglﬁi%\égrlﬁgllgﬂ hst Iﬂogxaeéﬁge% dafldd a slicing

opéﬁ%%rt@&g%}%g{% d:l%é;&ﬁrll f('sg[hﬁﬁlt {Ilﬁﬁeé\i?grggﬁ %iﬁ)thﬁg@o slicer 122 which

maps$ n@o ansradioer Rints Oek QESK@r o\m pointsifeeBESKnal
proportional to the phase error depending on the
[O(E;BPGCTBQ sEang bpdrhtidn 022 cAthbe drpindedto praghiem thef oHowig signal,

QPSK and BPSK tell af h

terpes the BpeetPel Y1 DESRr oG ISP iradiehin o Tds te
Aredefink € 1

i b B B R B e ™

Q(n)} is applied to slicer 122 which nmaps it to one
of ﬂ:"OﬂPD[IDOdBt%:QBSKQ:’SK or two p0| nts for BPSK. [0039]

A T e S o

m * IlfQ)(ﬁyeZb@ 'Q(n);m'@’l)ﬁ' gnal mb= |—1j,en21=f0|; ed in FIG 1
as the (g&t tg oop filter 108 bl gck, where m and
np Jﬁl@é&’ d@3PilRElas f ol MBWED: BT -PD node == QPSK

IfI I@H? @Igﬂ@%ﬁ):@(@r)_ _rlﬂmr =q, II&_Q‘G'H::I‘ I,'(;)Q<(g)&>

"(n)l >1Q(n)l, n 0, nm2= -1; if Qn) <0 &
|Q (Hb)’lPIPmbﬂé#ﬂBPSKm 1, n2 = 0: For PD node ==

BPSK IfI (J)']) >9n1 rrio IOm,zrerI l;

IfI'(n) <0, ml=0,m2=-1;

Loop Filter

[0040] The loop filter 108 is shown in FIG. 1, represented as a well-known active
proportional + integral (PI) filter, taken from control theory. See e.g., Phase-Locked
Loops — Theory, Design, and Applications, Roland E. Best, McGraw-Hill, Inc., 1994,

which is hereby incorporated by reference herein. The filter transfer function can be

written as:
1+K2s
2 w1 1+7,s
F(s)=K1+K S _ 1K1 _ ) 5)
1 7,8
K1

Optional Pull-In Acceleration Using Frequency Estimation Mechanism




If 1'"(n) <0, mMm =0, nk= -1; Loop Filter [0040] The

| oop filter 108 is shown in FIG 1, represented as a
wowdkokisemwn active proportional + integral (PPQT/US2003/027017

filter, taken fromcontrol theory. See e.g.,

Phase- Locked Loops - Theor¥l Design, and

Applications, Roland E. Best, McGawHill, Inc., 1994,

which is hereby incorporated by reference herein. The
[004i1]] t eFhetpudinia frafgefofnisd Pb icdefired as tiel fréqmanasranie frotd the center

1+r2 1 F = (5 1 1 - i
e o S0 St s 9 e o . The
pr%MHh@%ﬁ{Q S%Q,QM 021660 PCT/ US2003/027017 11 [0041]

e pulT-Tn range of the PLL is defined as the
qgquepcy..range 0 . | YinQf
e
fregiddcyl Withidr whieh she RNLH6cksainh@ie singiovbedt QD4R [beGreenttbe reference
ot her hand, the |ock range is defined as the range .
FrefHENey R e OUPH SEPABRRSY. WIetIAFITINBPENS (318U [2sieh L8 theypullin

- { \ t f
e PR dCR i Bmll SRR 8 PRl g OCRETOM! The
vafuas bEthetehangdslten pelétermineppofodlows. but t he | ock-in
range is nuch smaller than the pull-in range of the
(00439 P - ThEleguatical th& Selafes ticlpek-inrges toctha tihe cbastentiofidw lagp is:
follows. [0043] The equation that relates the |ock-in
range o the time constants of the loop is: F(A aL) 22
F(/8).) > For the high-gain | oop (nost practical |oops ©
are hi h-gain):

For the high-gain loop (most practical loops are high-gain):

2 . o
Aw, =2¢w, and T, = “% _Lock-in time or settling time.

[0044] The following equation can be used to estimate the pull-in time of the second-

order PLL with active PI filter:

_n" Aw;
P16 fw’

Q)

[0045] The loop pull-in process is one of the most time critical for a contemplated
design. Every 802.11b frame has a preamble field designated for acquisition and
synchronization tasks. Two preamble modes are supported. The short preamble is
approximately 52 ps long, and all the tasks must be performed within this budget before
coherent demodulation of data fields can be initiated. The short preamble budget is
challenging to meet, since many tasks may be performed (e.g., signal power detection,
AGC, peak detection and symbol timing synchronization, PLL settling, channel impulse

response estimation and equalizer training), leaving very limited time for PLL settling.

[0046] One way to accelerate the PLL pull-in process is to place its loop filter state
value near or within the lock-in range of the loop. This can be achieved by estimating
the frequency error and setting the loop filter accumulator state to that estimated value.

The frequency estimation in general can take a short time, assuming good SNR after



- Lock-in tinme or settling tinme. AW =2 jw,, and TL

= 27r 0)/1 [0044] The foll ow ng equati on can be used

wo eoogdrichmt e the pull-in time of the second- opdrUSINE027017
with active PI filter: T P ~2 O0(7) 16 jo)s [0045]
The 1 oop pull-in process isldne of the nost tine

critical for a contenplated design. Every 802.11b

frame has a preanble field designated for acquisition
proRBehings yaie.h (Anipedli 302. Tldsksei vehvo eppeetditb opemdest atedB symbol

supported. The short preanble is approximtely 52 s
SNRoeichighfid al | the tasks nust be performed within this

budget before coherent denodul ation of data fields

can be initiated. The short preanbl e budg _%
3.6chalFresgnaygistisnatien Based Qe Daginp Pigaed Grops éodf&’é? Piseiipator

(e.g., signal power detection, AGC,_ peak detection
[Miﬁdi Syffﬂtﬁofrequency] gsEmpaionrl3a| a@aqhozml 1on_ G. S]etplerfpﬁgs the following

op?rp‘g?lh f%ﬁcjnngl‘tleé% %r es(g_}(? m?cteedS %Ijogsaéllorargct?f;%ngﬁﬁﬁbf ?ﬁcf load 1t into

an[a@&ﬂﬁhat@ﬁz@wmmo@qq@reoate the PLL pull-in pr ocess
is to place its loop filter state value near or

LGB R AR R PR Ry OB g

setting the | oop fllter accurml ator state to th
[0048 i rrﬂihedm;lasl@re of dypigion rcbzfg@ﬁdgawtqeﬁ%ﬁrarﬁqeﬁogbﬁ dacythat the

ca sh r
PSRy b S biRuedo st pgan s AR S Rochgr. The
acﬁmpfr&gien&ﬂéh& chh be esrhaed ove N xpabdle .. oONeper at e at
-10 dB synbol SNR or higher.) 3.6.1 Frequency
_Estii mati on Based On Decision Directed Cross-Product
FDksepiRi(mator  [0047] The frequency estimtor 124 as )
sh 1in FIG 1 perforns the following operation to
conmput e the decision directed cross-product
Naté sloatithd eraerois paopbriioned to the artenl frequensy piior apepsureddn iz in the
| oop filter 108. Fe(n)
Slf’é'[af(n D*Qn)-1(n)*Qn-1)]sign{l(n-1)*I(n)+Q n-1)*Q n)

N
F (n) Io -(Nc)*-(27z - Nc-Tc)- Af (10)
The loop accumulator value in Hz is proportional to:
Facc=NAf -2rn-Ts=Af -27-Tc-Nc (11)

To load a properly scaled estimated frequency value into the accumulator 126, the

following scaling must be performed:

F
Facc &=—*— (12)
Io-(Nc)

As shown hereafter, the pull-in acceleration cuts the settling time drastically, and helps

achieve synchronization within the preamble budget time.

Acquisition and Tracking PLL Modes

[0049] An alternative approach (and possibly preferred as being more HW efficient)
to the fast phase and frequency acquisition involves the use of a programmable loop

bandwidth. The initial setting will guarantee the proper transient response and fast



[0048] The inclusion of decision directed part is
necessary due to the fact that the preanble is BPSK
wa@bobiesmdul at ed, and the pattern i s unknown BCT/UR®03/027017
receiver. The actual frequency error can be estinmated
over N synbols (e.g., N=4).13 N FQ =-YFe(32) (9) N,j
1 Note that the error is proportional to the actual
frequency error nmeasured in Hz in the signal: Fe (n)
ach@is#ibe tigne Vel Wihid @e Ahgd &Dihe debieed mlﬂmyhmd@t oFor a typical
value in Hz is proportional_ to: Facc=OF 27zTs=Cf
8027 panpligation. thie fackerdisaerpicabell {heslogp can @é‘ﬁ%eﬁ%\tae%eady state in

f alu h r e
app %‘1‘;‘?%{5\”‘%% 1§c al ?%gnstﬁuth{e Eeﬁgﬁr rc?riélg »é-gg%m{—lg F%e( %%ahzer and
debfdulabiay ZheABesisowrithhe skadt tpﬁamlﬂeh earp be lmétn Sioce kler mitiad rpull-in
cuts the settling tjinme drastical, ET S a%hiev?
prgsﬁs& KPS atlaen 106r Randivide trasy @S@E‘a‘g ey OftsetS of up to
b tlhb @ﬂas%%lég ?tccﬁ% B8t BHJf Medas., |69 ESI1dAR large and affect the
nat1ve approach 3 possi bly preferred as being

quratht}e of\hef demidetetipn. t ot helutasthe piase raing ambqh@m dgpprove the
acquj sition.involves the e of.

u

AR RO e e necdtd g BRLrRcit p §8Bng mode
oRE AREfock IPAhicRBE. TARALASEe BY PrdedahmiNg :2@&)4/8&2&@5[) and K2 (e.g.,

PCT/ US2003/ 027017 13 acquisition tinme well wthin
see dGe 1 beoefficiente 428 e B htny ths laopdHtasy a&létsetsplfrcoﬁfftwt% 5@8 130

1l b a cat

cfioBs, el 30 Y, BcdfihQiand e Rl Arf &REine loop
bahdwsdth bhmitedesi gn obj ective of training the equalizer

and denodul ating the header with a short preanbl e can
[00S01EtExeSiplte§ SLIIE PLI dokfilcidid 128,30k pRfSarh@EblertlSDEP. 1t is

| arge Ioop bandw dth to acquire residual freguenc
algy peseible tofpregyamgnore than just a pair of coefficients 128, 130 to allow a smooth

transition from acquisition (wide loop bandwidth) to tracking (narrow loop bandwidth)
mode. The following expressions can be used to set the coefficient values 128, 130 of

K1 and K2:

(@, -AT)"

a=2-(-, AT + (13)

B=2-(w,-AT) (14)

K1 is proportional to « and K2 is proportional to f. The proportionality constant is

needed to account for different bit manipulations in the data path.

Exemplary Method Implementing the PLL

[0051] FIG. 3 is a block diagram of an exemplary method 300 implementing a PLL
embodiment of the invention. The method includes receiving a phase error signal from
a comparator at a chip rate at block 302. At block 304, a phase error update is provided
over a symbol period from the phase error signal wherein the chip rate is higher than the
symbol rate. Next, at block 306, an output is produced at the symbol rate from the
phase error update based upon a signal modulation type. At block 308, one or more

phase estimate parameters are produced at a symbol rate from the phase error update.



+/-50 ppm the phase noise at the output of the PLL
100 could be large and affect the quality of the
waleomaeideat i on. To reduce the phase noi se and tPOEUS2003/027017
i nprove the denodul ation quality, it is recommended
to switch the PLL node intold tracking node once the
| ock is achieved. This is done by programm ng a new
set of KL and K2 (e.g., see FIG 1) coefficients 128,
Flﬂéf!%’ tWlodkh®10, aophdsé Irtferencd e exeipslatdd aioaetlﬁlpamnﬁemltna one or
can be preconputed an toreg%_\tmo accommodat e hh h
mere phRss ftsnaﬁtea%amﬁfééwtr?gs ratfy s i QO AFHOT P P%@é,t © phase
en[ogglggll @rtﬂ%@bﬁbtrefg hc&é’rﬁf dnl it G sied@l. 130 are
rama I's also possible to program
nore than just a pair of coefficients 128, 130 to

N Isép X o(;fh[ e bt nsition fromacquisition (w de |oop
%&%‘E‘Mgl ng (narrow | oop bandw dth) node.

[0@%]: ]]:'?llee% 18(‘#%6”3 é’f X8 relciezgio t?l? é%oap a%erﬁ%%g%afe%&?t)& h%e%lafe noise (or
jittdt avhe AP Dutpd) The B8( \phaéel reteleddd wikl delgﬁade the demodulator
proportional to a and K2 is ]gro orti onal

t
pepiospaiceian apiultyin somsiasease SR 06 Hedeed Vec cﬁmhar%ca%nze the loop

f b | at
o A b, RS s ot

usadthe phasdnaige anmddrdaleviakiemphdithy prehiabiity 80bit error that includes the
I pl ement i ng enbodi nent of the inv igQn. €.

cill R @hicRras THECHETIGS SpRuecll Pors SR feppdiftiop loss.
éfﬂ/@ﬁaeﬁtﬁ&o Froftf tie Bt @rr&@f)ﬁ)b%ﬂlg] fckead®Zor Aoish! piedse I8ference or

ase error update is provi over a synbol period
dlfacdynfrdme eptirastéore of SNRs o) rpaase\me@ted tymebodshi Ppofethat jtls second

orR R oS 0t ot Th 85 b O e ol oo i A in he

esﬁHaﬁBn Hpﬁgﬁﬁ aRan6ide BEWEr @n SitlgNBPSKOGUORSK aipnblshe. At
| ock 308, one or nore phase estinate paraneters are

[%ng@ge i ﬁ%%’éﬂlts Nadre dbtamad ﬁ‘@mpdhésl@oll? kip@latidid allBe phase
004/ 021660 PCT/ US2003/ 027017 14 Finally at bl ock

st3ddard de\uhtame wae ffewish ¢® be dessxthem Sl Satasipngt for negst pracicd (SNR)
fro r hase r

bt a5 RSP ARSFa R o PRI AT D St S o

higher of a typical 802.11b receiver. This implies no pract1ca1 degradation in

demodulation Pb due to phase noise. The expected phase noise at the output of the PLL

is estimated by the following formula:

Gt ad (15)
2-(SNR),
B
(SNR), = (SNR), - — (16)

2B,
where B, is the input signal bandwidth, and By, is the loop bandwidth. Thus, the ratio of
these two quantities is the SNR improvement of the loop.

[0054] In the case of a 802.11b signal design, the ratio is on the order of 100 in the
tracking mode. Therefore, the phase noise can be expected to be very small for all

practical input symbol SNR values.



error signal based upon the phase reference and an
i ncom ng signal. Noise Performance of the PLL [0052]
wab@4npics®e perfornmance of the | oop can be charect/@siopgal7017
by the phase noise (or jitter) at the PLL output. The
noi sy phase reference will #tiegrade the denodul at or
performance and result in sone increase BER of the
receiver. To characterize the |oop perfornmance and
[00558" altle 168 @&t toPhatdgoiskeapBisasatdddy hoBER yncréase is derlved from
parameters are often_ used: the (g se, noi se st$q ]
thajssyaptioaroiheifirs erdsr dnphase Jois P encksandie fopag, tor Exmple, in
f e
DRI T il iRy RIS Bnf R Beal 28, ek Prendice
Hl, 1988, whichns heebhircoegaraied py cdfedondd heyeinncr ease f or
noi sy phase reference or directly fromestimtion of
orrtict ed nbols. Note that this second
S

,@/ wel | for |ow SNR regions, (17)
dWE bijas #H.fMe estimation of signal and

n0| se power (in either BPSK or QPSK signals). [0053]
19'&19%(51%%{\@{5 Wiées, Wk goohtal ﬂEQOI)I{ GNH g bRAL noise std is

Iat| on hase standard devi ion was found to
anﬁmiIﬂﬁﬁlytOmnacﬁaﬂsS and dvilssilpin n@slsgxpaﬂamn taPb.( SNthe loop SNR

ranges (0, dB and SNR) .. I ngl
B9l Sy TGRSy st OB fcrmay 02
ra&Q@s feshRinE @6 8h YRR dé@%@ubﬂ’@f ;gﬁoﬂﬁla&ﬂﬁlom dmht Pb = 107, b3

degradati 6n in denodul ation Pb due to phase noise.

The expected phase noise at the output of the PLL is

tH 3B RE tHY Fidigeid) § 'ng formula: 2 =1 rad2 (15) 2
(SNR) | 2BL L where Bl is the

| d 6“&*? a8k yBlen 8 thderiti&APpakandi t8icBnsider in
[0% T?h%@ Q]%ﬂl %ﬂt t hreege t\XD &Juant Ities ?)s t he SNR
the rtmp)\pen‘fmmhamé t e al typjsal BORSHUY systemheveryspacket gan arrive at a
802. 11b signal desj the rati h r
aifgion] fontHie HoReRER: O R Oieds Hie O e Bade s by the
st ) TR4REGE 8 Ei%nﬁleatﬂﬁar Yop Wl be k&dn &l d frequeacy stemif there is a
i nput  symbol 'SNR val ues.
difference between the local oscillator frequency and the center frequency of the
received signal. The loop can respond to the frequency step and track a linear phase
ramp. This results in some constant steady-state phase error. The value of the error can

be estimated as:

Aw
lime(t) =
®) X

o

(18)

[0057] The steady-state error exists regardless of the order of the loop filter, unless the
loop filter contains a factor of (jw) in the denominator. The active PI filter satisfies this
condition and performs as an ideal integrator. Therefore, no steady-state phase error
should be observed at the loop output as a function of input frequency offset. A nearly
ideal integrator implementation is possible in the digital domain, but is more difficult in

the analog domain with passive components.
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due to phase noise as neasured by the BER increase is
waleoodweded rom the assunption of the first ordeeT/USIP3/027017

phase noi se pdf, and can be found, for exanple, in

Di gital Conmuni cations - Fygdanental s and

Applications, Bernard Sklar, Prentice Hall, 1988,

whi ch is hereby incorporated by reference herein. P =

21Q 2Eb cos, ~9 exp(p g@*@UﬁObﬁl?) B o No 2ui 10 (p)
where p is the loop S at for a 20 dB | oop
[00%\;5 er'i“ ’Spp o o'tﬁehiggcg@é?m dﬁ‘(ﬁ&&lﬁé'tﬁg %ld.?nélxﬁ 3flit@N resent

ron®in | oop
inveition. VEAE (&8 GRP rRagGptidR RTaKe réﬁib@ﬂynelﬁs dBhet tyeptirshas been

noi se std becones aqﬁrOX|natel 0. 32 ila S tended to be
preseagad| fqrrigelpurmﬁesmlﬁ é%}f@@&tﬁnéndf@f’n@%‘r o¥i Faheh iptgded

at gsaNaMad} iddifications

extpbgBB 1T GO0 PESERndE TROPIES fufh SEBURIIMAT) RECiF
andVdriati &R arP @6@5&@& @f lifle of drsdbdes teachinghe | oop

performance. In a typical 802.11b system every packet

[0039T" aﬁﬁé Yﬁeﬂed&hatdthfefs%%néf ®enhentibn Eb@uﬁmtgd tiet by Biipgetailed
on" each side of as allowed

desttiptief, obw, rathes By ghgl claimst #pepdish bjéhes @éﬂvea@%\“ﬁca“"“
frequency ste i dhf PRIME BAA (6 of th
26 ‘1"6@% rggﬁiaqamgs%ﬁde uéslae des d)u@heéf?[éﬁ?ﬁe?a?mf requenc;}1 of0 °

I%aﬁ‘ﬁus KeCficitRd o the ﬁivenﬁ'dne $moqamaay| embegioreits of thpgnvention can
requency step and tr ase
be sl adhonh CeEnE SRSy i Eope LGy vt o0, s 8VBioblesidss in the
val f r can be estlrrated as: lime(t) = K.
Cla(rf%kﬂere%aft%%%?%ﬁ e steady-state error exists
regardl ess of the order of the loop filter, unless the
| oop filter contains a factor of (jw) in the
denom nator. The active Pl filter satisfies this
condition and perforns as an ideal integrator.
Therefore, no steady-state phase error should be
observed at the | oop output as a function of input
frequency offset. A nearly ideal integrator

i npl enmentation is possible in the digital domain, but
is nmore difficult in



the anal og domain with passive conponents. WO
2004/ 021660 PCT/ US2003/ 027017 16 CONCLUSI ON [0058]
wdabiog/ozwee | udes the description including the PCT/US2003/027017
enbodi nents of the present invention. The foregoing
description of the enbodi nents of the invention has
been presented for the purposes of illustration and
description. It is not intended to be exhaustive or
tolimt the invention tqQrEApvs eci se form di scl osed.
Many nodifications and variations are possible in
ove teaching. [0059] It is intended
Vv%ﬁghﬁ% € scope of the invention be limted not by this
detalled description, but rather by the clains
1 app ereto. ecification, exanples
and%ﬁg EF%@ GEH@S%% %%Iﬂgescrlptlon of the
manuf act u and use of the par a
e & G e NDE el SRObaTEnt oo CoENARD 2bp chip rae
and %POVI@I% g RHie s&V'eH&P wpdsleRaért 4 Bgmbolopariddefremate phésetdrer signal
ention, the invention resides in the clains
wﬁepeenmthmmmratwﬁ@mwan\mymehvawlﬁﬁo PCT/ US2003/ 027017
17 CLAIMS WHAT IS CLAIMED IS: 1. A phase | ock | oop
(PL la)phas@dqscmmlngr paodiioing duhas® PITPTeQUBPY] aﬁ&leasymbﬁk@te from the

error si froma co r..at Chl p rate and
Phﬁ“iecﬁﬂ%uﬁgatﬁ BIFALOR ASE n‘gﬁrﬁa(;@%n%l}/t a syrrbol peri od
fromthe phase error s he ¢ te
hi gHJeLoop HatsT Qrcg&v,lﬁ;én&on‘e énorg p\gxhsgs%sumai CP?rFﬁnﬁ%{s ' symsool rate
fr‘ﬂ’g%ﬂwe@o%ﬁ &{gror output at the synbol rate from
rro

ase e updat e based upon a signal nodul ation
type; dP Qﬁillzl{b‘r GoP Ex tfjofatinB aSghase reference at
est i 6&%%9 b%?&’gk ﬁgcgﬂrate E§&0n1 éﬁb hase
a dhiff fite frobothie pnaorimarephasy esumalteypa;ramt:hetsl dtedymbel fateat or
(NCO) for extrapolating a phase reference at
wherein the comparator produces the phase error signal to the demodulator

based upon the phase reference and an incoming signal.

2. The PLL of claim 1, wherein the demodulator removes a square wave subcarrier

from the incoming signal and produces the phase error update.

3. The PLL of claim 1, wherein the NCO extrapolates the phase reference linearly

based upon the one or more phase estimate parameters.

4. The PLL of claim 1, wherein the NCO extrapolates the phase reference non-

linearly based upon the one or more phase estimate parameters.

5. The PLL of claim 1, wherein the NCO includes a look-up table for determining

the phase reference as a sine and cosine function.

6. The PLL of claim 1, wherein the loop filter comprises an active proportional and

integral (PI) filter.



a chip rate fromthe one or nore phase estimate

paraneters at a synbol rate; wherein the conparator
w@eediozwso t he phase error signal to the denodubet/vs2003/027017

based upon the phase reference and an i ncom ng signal.

2. The PLL of claim11, wherggn the denodul ator renoves

a square wave subcarrier fromthe incom ng signal and

produces the phase error update. 3. The PLL' of claim

7.1, Vhgrimof D&iNEQy B AROLAL 8SmbREHBASRIniAE pir@MERrs include
l'inearly Pase upon the one or nnr;hghase esti mate

a fixat eate¢ praportibnallteen phase ohangeainhalsecorbyaliis propertiqed to a phase
extrapol ates the phase reference non- |inearly based
ra1Bpon the one or nore phase estinmate paraneters. 5. The
PLL of claim11l, wherein the NCO includes a | ook-up

tabl e for _deternini t he phase reference as a_sine
3. and Ts PhL ChriEor, e s, pitse BT GPrg, Apgiofimately o

fréqﬂ@nc! et (RORBEhS8SidiaAl ARt thY BhiteQeRfdntOBfthe ATD.
I'mtegral (PI) filter. 04/ 021660 PCT/ US2003/ 027017
18 7. The PLL of claiml1l, wherein the one or nore

o.Phasg,Lsty, g?t)ﬁjilﬁ 3 AFBELLSmpRGhEd ?Iéulﬁplgkéﬁbr }bﬁhillﬁg the first value

‘proportional to a phase change and a second val ue

to arphpse dcdcomalatdref thepREOeat thesgtymboBratethe PLL of cl aim 7,
wherein the phase rate conprises approximtely a
frequency error between the incom ng signal and the

10phaskhe #idr exficaaini 4, heh&€d tiee phhee Rtdunoflator &b mipdated by the

myplsaer wif Pesmeaen udie el by SR GRS 15y ool
rate. 10. The PLL of claim9, wherein the phase

1 cconke Bet o6 i aatesyn el GRtpee B gl end dump

mé&ranﬂéﬁﬁfo%}oﬁcﬁing ki giads ethp@ip@hd. t he denodul at or

conprises an I ntegrate and dunp mechanismfor

provi di ng the phase error update. 12. The PLL of claim

1, f‘ﬁ\f { bt . AR dADH TR B CRAY SBRGARR EGfSrises a
125}1 Bar ggtﬁ@aftégﬁgd%?ﬁeer (Bl\/F)éggr 51 corrpﬁ{ﬁerrent ary codlzrl
Bty match@UK)tero@MEB) axtaconipderientary code keying (CCK) correlator bank.

13. The PLL of claim 1, wherein the phase discriminator is programmable to

produce the phase error update based upon the modulation type.

14.  The PLL of claim 1, wherein the modulation type is a biphase shift key (BPSK)
modulation or a quadrature shift key (QPSK) modulation.

15.  The PLL of claim 1, wherein the phase discriminator includes a slicing operation

based upon the modulation type that produces the phase error output.

16.  The PLL of claim 1, further comprising a frequency estimator for estimating a

frequency error and setting a loop filter accumulator state to the frequency error.

17. The PLL of claim 16, wherein the frequency estimator comprises an
accumulator that computes a decision directed cross-product discriminator to estimate

the frequency error.



13. The PLL of claim1, wherein the phase
discrimnator is programmable to produce the phase
weeooa2spdat e based upon the nodul ati on type. RdT/UI1063/027017
PLL of claiml, wherein the nodulation type is a
bi phase shift key (BPSK) nolul ati on or a quadrature
shift key (QPSK) nodul ation. 15. The PLL of claiml,
wherei n the phase discrimnator includes a slicing
19per Thé 1 L Asaaint AQrwhidteinndduloabi Blert tefdehabop programmable
produces the phase error output. 16. The PLL of clalim
bandvidthtspidinge Earprolupkiy of 19gnhpndiidthest i mat or f or
estimating a frequency error and setting a | oop

filter accunulator state to the frequency error. 17.
19he Phe¢ RIL of adlaim1 48, whercdn rthe Heorf bendreiddy settingsmatep plternately

conpris n ccunul at or t. conput es deci si on
PiYe 'W%Cg?oc&&@?%} 25:8518?103 i agggﬁ%cﬁlang?ol} oane‘évf(ﬁ?fat e the
frequency error. WO 2004/ 021660 PCT/ US2003/ 027017 19

8. The PLL of claim 1, wherein the loop filter
el éo‘é‘gtlﬁpgcfﬁn}?%ﬂrgg%ﬁfgﬁﬁ)se& bandwi dth settings for a
plurality of |oop bandwidths. 19. The PLL.of claim 18,
wher Bi°R iie? PRASH ST RIS B FPPRIRIOR A R B hat el y
programmed to at |east an acquisition _and a tracking .

| oopPHYifENg aPhasezyror Apdate RBE, 2 BERR petiodiromdhe phpss cgfor signal
WhERS] e AaRNBRERE! A a 180 rafel Om @ comparator ‘at a

chi'p rate; provid ng a phase error update over a

synbol period fromith e.er ' ' e

chi o DiogBEme 2 i g by FuBREACYE K fibof [ A B TR i upace
baRdspor b kihaldb@iticattybdle synbol rate from the phase

error update based upon a signal nodul ation type;

Pr odBEIdBin@$heObr MBfeLpRRBRLifStd PREMRA ANBLPMBoRFaté from the
synbol rate fromthe phase error output; and
phoseepobuiphingnd phase reference to the conparator at a
chip rate fromthe one or nore phase estinmate

par asetrapodatiag sapheyeriedérence to; thevaempimator ba chippateairem the one or

roduces the phase, error si 9 al based upon the phase
ore phase estimate FEmramete:rs at a symbol rate;

wherein the comparator produces the phase error signal based upon the phase

reference and an incoming signal.

21.  The method of claim 20, wherein providing the phase error update includes
removing a square wave subcarrier from the incoming signal and producing the phase

error update.

22.  The method of claim 20, wherein the phase reference is extrapolated linearly
based upon the one or more phase estimate parameters.

;
23. The method of claim 20, wherein the phase reference is extrapolated non-

linearly based upon the one or more phase estimate parameters.

24.  The method of claim 20, wherein extrapolating the phase reference includes

using a look-up table for determining the phase reference as a sine and cosine function.



reference and an incom ng signal. 21. The nethod of
claim 20, wherein providing the phase error update
WO p@koelissd renpvi ng a square wave subcarrier fPONUB13/027017
i ncom ng signal and producing the phase error update.
22. The nethod of claim 20, 2herein the phase
reference is extrapolated linearly based upon the one
or nore phase estinate paraneters. 23. The net hod of
28| ai The GethdiesRtiRinh IO, MRS PRERICATRC Mol cheCt MARObRse tstimate
non- l|inearly based upon the one or nore phase
PSIRIPRiSPopRF B A acty/g Proppstional ﬁ%méffgr@l(gl)rﬁl%,
wherei n extrapol ati ng the phase reference includes
using a |l ook-up table for determ ning the phase
26.ef e%bﬂ aeetlod of elpime 28nwheresn He eumer more physe estimate parameters
N R R M T
pestirarate paraneter is perforned by an active
proportional and integral (Pl) filter. 26. The nethod
of claim 20, wherein the one or nore phase estimte
2par amgé §hidhod BELMER 26,fwhdtinVik Ythabd eRETcopRiats bpr8ximately a
phase change and a second val ue proportional to a
fregizeney papebetwaen tp inceprirmhtiges apd herphnge refgiencsi n t he
phase rate conprises approximtely a frequency error
bet ween t he inconin%ésignal and the phase reference.

2%8. The mashddoef ddinclGiwhezen avmaltivleren lapds thepfiesk splue to a phase
' L ue to a phase accunulator at the
m%@ﬁ%%¥&$§{%%£§%P¥$ﬁ% nmet hod of claim 28, wherein the
phase accunul ator is updated by the nultiplexer with

he caond, val we, di vided. by. a_.nunber of chi ps .per

2 ndfe oot St Snet ek BBSe e BhRE, By oy e
niuﬂ\&ul@tbmﬂth&hé sconP dati€ divedeldedyf OiuiEiskr ob¥hipsipérbyadont e

and dunmp nmechanism 31. The method of claim 30,

wherein the integrate and dunp mechani smconprises a
3Bar kehe mdicddast cldimt 2, WM lI(JEHvkﬁng PR Ak G WpdaRdS performed

keyi ng (CCK) correlator bank. 32. The nmethod of claim
byen inipgrpteiand gup gedchgnisle phase error output is

31.  The method of claim 30, wherein the integrate and dump mechanism comprises

a Barker matched filter (BMF) or a complementary code keying (CCK) correlator bank.

32. The method of claim 20, wherein producing the phase error output is

programmable and based upon the modulation type.

33.  The method of claim 20, wherein the modulation type is a biphase shift key
(BPSK) modulation or a quadrature shift key (QPSK) modulation.

34.  The method of claim 20, wherein producing the phase error output includes a

slicing operation based upon the modulation type that produces the phase error output.

35. The method of claim 20, further comprising estimating a frequency error and

setting a loop filter accumulator state to the frequency error.



progr ammabl e and based upon the nodul ati on type. 33.
The nmet hod of claim 20, wherein the nodul ation type is
wa2upbwse shift key (BPSK) nodul ati on or a geemustoos/a27017
shift key (QPSK) nodul ation. 34. The nethod of claim
20, wherein producing the ph2lse error output includes
a slicing operation based upon the nodul ati on type
that produces the phase error output. 35. The nethod
36f cirhé mMeibd Sfushine 35 C Wi edtign Ridk | th@fleggeney feret ue pesformed
error and _ setting a loop filter accunul ator state to
withenfac ey that eIpPULGYs IesiMeTDdiIesing! qoessRuadtsd disoumingior.
21 36. The nmethod of claim 35, wherein estimting the
frequency error is performed wth an accunul ator that
3'tonpdhesnathafeed slabn 29, véeradn predisingpthgduet or more phase estimate
scrimn .37 et h f ' LT
ol e RLsiiCrog BiedtEh R endh il S thag 08k Bty of 1oop
bamBYidges usi ng | oop programuabl e bandwi dth settings
for a plurality of |loop bandw dths. 38. The nethod of
claim 37, wherein the | oop bandw dth settings are
38l t emrRatn@dtiiod Bf ERIAMTEeavHeseidtthd Eapl baadwadl Wetinigh Qfe allétnately
a tracking | oop bandwi dth. 39. A phase |ock | oop
proErammed inasi9ast HpacqHisdion angdn traskiagloqpbaadpitiBe error
signal froma conparator at a chip rate and providing
a phase error update over a synbol period wherein the
32hi p Arplhase fogk ogHEELY lvamprigingy nbol rate; neans for
produci ng an out put at the synbol rate fromthe phase
er r omeapsifor gecebdsgd phast enos signal | from dudompapator gipe chip rate and

pffSiie 8PS STon gl 81 AR e R R ARETHAF g s hiher than

adp@Bblaateand nmeans for extrapol ating a phase reference

to the conparator at a chip rate from the one or nore
phas&,.a8d fd?%@dd%ﬁ{ BEbehar & the s§HBBCtad AbS: th\é"iﬁ]%% Error update
t he cgnparator proggucegﬂbt he phaZe error signal based P
bagedmipohe sighalgpodulgfartgpze and an i nconi ng signal .

\J

means for producing one or more phase estimate parameters at a symbol rate

from the phase error update; and

means for extrapolating a phase reference to the comparator at a chip rate from

the one or more phase estimate parameters at a symbol rate;

wherein the comparator produces the phase error signal based upon the phase

reference and an incoming signal.

40.  The PLL of claim 39, wherein the phase reference is extrapolated linearly based

upon the one or more phase estimate parameters.

41.  The PLL of claim 39, wherein the phase reference is extrapolated non-linearly

based upon the one or more phase estimate parameters.

42.  The PLL of claim 39, wherein the one or more phase estimate parameters
include a first value proportional to a phase change and a second value proportional to a

phase rate.



40. The PLL of claim 39, wherein the phase reference
is extrapolated linearly based wupon the one or nore
w@b@gm2wst i mat e paraneters. 41. The PLL of cl aP@1/8S2003/027017
wherein the phase reference is extrapol at ed
non-linearly based upon the2bne or nore phase
estimate paraneters. 42. The PLL of claim 39, wherein
the one or nore phase estimte paraneters include a
48i r stlhe BLUef plapmot2, fanttelr compasipg asenschoa beelimnite dirst value to the
seco/rlw . val ueﬁj%_rltg%ort' nal to a phase rate. WO
R B BE &I 887017 22 43. The PLL of claim

42, further conprising neans for |oading the first

al ue, t h extrapol ati ng neans at the synbol rate. .
4%(-4. %ﬁ% %bfze? Graigy ‘éi’ ﬁ'ﬁ&@}n MR sxarelativng msans dpwpdatedyy the loading
miBBANWith theUBERIBAIRYGi LB bY@ huRBer SFRADE pM e second

val ueldi \?i ded by a r}urrbelwo?il g‘%r'rps pgrgﬁs%%i}gf’& 45. The

PLL of claim 39, further conprising nmeans for
4§t MRE PRA R o[RS AR, isi Aok A8kirRath Q0

filter accgii m‘jfaglt%?rg?st ategeélgﬁ?%ggg? equﬂghg%l@%t%n%r&rﬁ%{ency etror
affthsettiflg a lobp Eilter mcBMulardrextate to the éreqiemos efror. pr oduci ng

the one or nore phase estimate paraneters includes

| oop programmabl e bandw dth settings for a plurality
46f  TboPLbarfhiaidt BS. wictein The nfehhs foir peddiicingdhe OB @hdte phase
t he | oop bandw dt ettings are alternately, _
ERYF BvREeromeludes Joap BREGEHUARY PRshvidiseltingsdok prmgprality of
1dop®RndAathy dt h.

47.  The PLL of claim 46, wherein the loop bandwidth settings are alternately

programmed to at least an acquisition and a tracking loop bandwidth.



