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particularly, the present disclosure relates automatic
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An i dentical code is used in the receiver that is used
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RER1isERE LAKE any of a variety of multiple access techniques. One technology that
has enjoyed rapid growth is code division multiple access (CDMA). In CDMA

systems, speech or data is converted to a digital form, which is then transmitted as a
radio signal. Each call is distinguished by a unique code. In particular, each WCD uses
a unique spreadihg code to modulate the signals it transmits and to demodulate the
signals it receives. This code is added to the information data, e.g., the voice data, and
modulated onto the carrier. An identical code is used in the receiver that is used to
correlate the code with the carrier. The correlation process passes only data that
matches the code. Thus, non-valid signals, e.g., signals from other users, are not
decoded and appear as noise. As a result, minimal interference between WCDs is
achieved. Accordingly, several WCDs can share a single frequency band. Further
information regarding CDMA systems is set forth in the well-known IS-95 standard.
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automatic frequency control (AFC) techniques to
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communicate with its associated base station, it is desirable that the oscillator generate a
frequency that matches the frequency on which the base station is communicating.

[0007] To ensure that the WCD and base station frequencies match, the clock
arrangement in the WCD may use automatic frequency control (AFC) techniques to
track the frequency used by the base station and match that frequency. AFC techniques
generally involve estimating a frequency error between the WCD and base station

frequencies, i.e., the difference between the WCD frequency and the base station



track the frequency used by the base station and match
that frequency. AFC techni ques generally involve
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lengths. However, the WCD responds to changes in the frequency error more slowly

relative to smaller integration lengths.

SUMMARY
[0010] According to various embodiments, a wireless communication device
(WCD) estimates frequency error by determining an average frequency error estimate

over multiple integration lengths. Averages of frequency error estimates are calculated



SUMVARY [ 0010] According to various enbodi nents, a
W rel ess communi cati on device (WD) estimates
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averages are conpared with nultiple thresholds. If the
oawre aafpastt two amtygratidre dengttison Thesegaversges eel coitpsred with multiple
respectiye threshold, a frequency offset is .
threRtiold Hbdoe PO isEioRd et SRR BPRegv threshold, a
ﬁgﬁﬁé}g@,&@eggh%ﬂiﬂg&a frequency offset to be applied
In a Wreless conmuni cati on device. Short-term and
[0@l1g- t er mQneemzydinert iredirestes ivet methiod éuldéiyrnzive p dtpanency offset
first and. second sets, respectively., of frequenc
1 bp GppBEE A paiest RumiebGARoS SpviEemprig BERRom averase
vafuet € HbteFhins® by UvefagRBUBRE ¥n€ lsE&Undesetd, FBEpe&ivel &f frequency
frequency offset is determined as a function of the
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determine a short-term average value and a second set of frequency error estimates to

determine a long-term average value. The second set is a superset of the first set of
frequency error estimates. The processor arrangement adjusts a frequency of the
oscillator as a function of the short-term average value when the short-term average
value exceeds a short-term threshold value. The processor arrangement adjusts the
frequency of the oscillator as a function of the long-term average value when the long-
term average value exceeds a long-term threshold value, which is lower than the short-

term threshold value.
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woOheosgherss -t er m aver age val ue when the short -t eCmUS2004/033114
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is aflowdiagramillustrating an éxanpl e autonatic

[PPEQuency WEnt 2olis ( AF®lodkectingrgme; illustrating an example wireless

communication device according to another embodiment;

[0018] FIG. 3 is a flow diagram illustrating an example automatic frequency
control (AFC) technique;
[0019] FIGS. 4-6 are graphs depicting simulated performance comparisons

between the AFC technique of FIG. 3 and conventional AFC techniques using an
infinite impulse response (IIR) filter.

[0020] FIG. 7 is a graph depicting a simulated performance comparison between
the AFC technique of FIG. 3 and a conventional AFC technique using a quantized IIR
filter.



[0019] FIGS. 4-6 are graphs depicting sinulated

per f ormance conpari sons between the AFC techni que of
woehk@s/036sand conventi onal AFC techni ques usi ng BAT/US2004/033114

infinite inmpulse response (¢IR) filter. [0020] FIG 7

Is a graph depicting a sinulated performance

conpari son between the AFC technique of FIG 3 and a

conventional AFC techni que using a quantized PR
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According to various enbodi nents, a wreless
conmuni cati on device (WD) estimtes frequency error

by averagi ng frequency PESXE Ib tes over nultiple
integration lengths to WMH pl e average
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sh,?rtterm threshol d all ows the WCD to respond .qui ckly
oseillater dreAvency byat feqemmay g&set; determanad, igkafix &g this st} larger set of
S&Eﬁ,[e@ ignoring smaller changes that may be indicative
of “noise in the systemrather than actual changes in
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frequéncy error. Requiring smaller changes to persi st
system rath]egﬂ)gg racial c}gmggsa]mjh@ §equenvy dwer. shnaddition, calculating long-

term average values and comparing them with a long-term threshold lower than the

short-term threshold facilitates responding to smaller changes in the frequency error.
Requiring smaller changes to persist over a larger set of samples provides some
protection against noise in the system, i.e., variations in the instantaneous frequency
error estimate between successive samples that may not be representative of actual
changes in the frequency error.

[0024] FIG. 1 is a system diagram illustrating an example wireless
communication system 100 according to an embodiment. In particular, the wireless
communication system 100 is depicted as a wireless telephone network. However, it

will be appreciated by those skilled in the art that the principles disclosed herein are



protection against noise in the system i.e.,

variations in the instantaneous frequency error
webismaesas bet ween successi ve sanpl es that may ROT/US2004/033114

representative of actual changes in the frequency

error. [0024] FIG 1 is a systemdiagramillustrating

an exanple wirel ess conmmuni cati on system 100 accordi ng

to an enbodinment. In particular, the wirel ess
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either wired connections or wireless connections, such as microwave links.

[0027] As described above, each WCD 102 receives an RF signal from one or
more base stations 104 via a forward link 106. This RF signal is relatively low in
power. Accordingly, an LNA forming part of the WCD 102 amplifies the received RF
signal so that the WCD 102 can downconvert the received RF signal to baseband
signals, e.g., in-phase (I) and quadrature (Q) baseband signals. The baseband signals
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short-term and | gng-term average val ues . i
when they appear over a larger set of samples. If the average for any integration length

exceeds its respective threshold, a frequency offset is determined and an oscillator
frequency is adjusted based on that frequency offset. In addition, any change in the
frequency error estimate may be significant if it appears over a still larger set of
samples, and the WCD 102 may adjust the oscillator frequency by a frequency offset
determined relative to this still larger set of samples.

[0031] By calculating both short-term and long-term average values and

comparing them with short-term and long-term thresholds, the WCD 102 can respond
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quadrature (Q) baseband signals. The receive processor 112 may first downconvert the

RF signal to an intermediate frequency (IF) before downconverting the RF signal to the
baseband frequency. Alternatively, the receive processor 112 may downconvert the RF
signal directly to the baseband frequency without first downconverting the RF signal to
the intermediate frequency. In either case, the receive processor 112 provides the

baseband signals to a modem 114, which demodulates the baseband signals to produce
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[0035] A local oscillator generator 122 is coupled to the receive processor 112
and to the transmit processor 120. The local oscillator generator 122 is also coupled to
an oscillator 124. The oscillator 124 can be implemented, for example, as a voltage-
controlled crystal oscillator (VCXO) or a voltage-controlled, temperature-compensated
crystal oscillator (VCTCXO). The local oscillator generator 122 and the oscillator 124

collectively facilitate accurate demodulation of received RF signals and modulation of
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[0038] When the WCD 102 is initially powered up, the frequency tuner 126

reads an initial frequency setting for the oscillator 124 from a memory 128. The

memory 128 may be implemented, for example, as a nonvolatile memory. The
frequency tuner 126 obtains individual frequency error estimates and averages them
over multiple integration lengths to obtain short-term and long-term average values of
the estimated frequency error. The frequency tuner 126 compares the short-term and

long-term average values with short-term and long-term thresholds. The long-term



[0037] Frequency error is difficult to nmeasure in rea
time due at least in part to potentially large
woanisasesans i n the frequency error estinmte bePGEAIS2004/033114
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up) fiey fré@fency tuner 126 reads initial settings (150) for the oscillator 124 from the

memory 128. These initial settings may include, for example, an initial frequency
setting and a slope of the oscillator 124 in ppm/Isb, which can be factory-programmed.
The initial frequency setting can also be factory-programmed, but is preferably
periodically updated during operation. The frequency tuner 126 writes the initial
frequency setting (152) to the memory 130 and converts the slope as expressed in
ppnv/lsb to an Isb/Hz value (154). This conversion can be calculated for the middle of
the GSM band and the middle of the DCS band rather than for each absolute radio
frequency channel number (ARFCN).
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othet than FEQHISOH detectivhethe desit sueeipreiaf4he AFf teplnigisis e same.

28. Th i nitd al tL] i
MR Py RetrdhedSub PP ig By R clihp@XATRE Frequency
eR&Cidr laddRiibet 24 shiiplepBdrtidicalipicompars tlxeaverage frequency error for

factory-programmed. The initial frequency setti n% can
these srokees; defeapipen? SgAuensE @Tise Rassdonp theravpiage frequency error, and
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o4 S5 o AORLE 1 BpapSEL 1D f S oBBBg o ot
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in ppnllsb to.an .l sb/ val ue (.154). This conversiqn .
b, BRSSP CTHENE QUEBRIS R HGEERORIERS SRVPELAEA] chicve
a&lbﬂl?ac?i ddl e of the DCS band rather than for each
absolute radio frequency channel nunber (ARFCN). 13
[(03Q41] ThAdey HeuinitidhdreqBaoyesstinigs wee rengl feomribe anasyory HE8 and

stoks e Eanasrory ar tisctramey CRET T2, bR e el BRLESS) Fom the
rdBR VR MYock3Rr 175 endEficl1fed B isTpue]-1©aibiReratd (ENRY for thasynpdé (158).

a variety of nodes, including, for exanple, detectin
Ifthe SeRuie helpveomimpunciNRthresligiGthy sagpiple i ignored and the frequency -

izati hanngl ' .
TR R s OB 65 e S0 LR RS 0By,
i€ Bane gtuations tietepichogtmet 126 fiag ush al sahpled Gdardiess ofithe SNR

nodes ot her than FCCH SCH detection, the basic
fersynehronigatipn MUEROSAFC t echni que i s the same. Mre

I cul ary Y AL I8 Rt hb@dequat
[es 3:' mat e &ﬁé{ﬁ%éqﬁreé%eglgﬂcy erl?g?ﬁgéé(%gv nunber” of ednate
SsaRypihesfrequencyodireal 126 esimpuése shet frequeney ageorf foe gthetnsymple and
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detection mode, the frequency tuner 126 preferably quantizes the frequency error

estimates such that the frequency tuner 126 reports a value selected from a set of
discrete values, for example, -200 Hz, -100 Hz, 0 Hz, 100 Hz, or 200 Hz. The
frequency tuner 126 continues to receive and accumulate estimated frequency error
values for a number of values specified by an integration length N, for example, four
samples.

[0044] When the frequency tuner 126 has accumulated estimated frequency
error values for N samples, the frequency tuner 126 calculates short-term and long-term

averages of the estimated frequency error values (162). The short-term average is the



appl i es any updates as necessary. |If the frequency

error is large, it is desirable to update the val ue
weoetarsadedsn t he menory 130 quickly. |If the freqBema2004/033114

error is small, on the othed hand, |onger averaging

intervals or integration lengths are preferable to

achi eve accuracy. [0042] After the initial frequency

settings are read fromthe nenory 128 and stored in
atvhmgaestﬁngted 86quenhy efroe caleratgd toweethe i2iGgratorileangth af N samples.

B b b B B PR et ovr o e
Iﬁlﬁ{'&f 8f dahifBos, fdrfexénrgﬁﬁe MR alp1RabOM @ dHeP b ProicdReset operation.

threshol d, the sa e is ignored and the frequency
[podEr 126 I &@ehmééeramylemp nglﬁpxeeedassl’,\orf ~tepin thigshold value, e.g.,
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BaEn165). rl@@@nﬂﬂes@mﬂfteﬁxh evei%&g% Vabie @ae@chbt etdeédttiedfireshold value,
ur poses. [0043% After the frequenc tuner 126, has

t eér@qw&ym#a anagj rndazﬂqthadwmel Nradey piher plsgjesiapes. For

111& 5‘1?({ oI qgﬁ% €3vek B)?Jé%& dl[)l?é te§191r th}egﬁ&d Value that is
nul at'e I mat e equency err

lédz@ﬂ)thanUﬂieeﬂﬁmﬂpﬂn atn‘ealg)ld nvathtee é:gZQﬂOSEkl deftrea:tgremer number of

nod t he frequency tun 126 prefer ntizes the
pr@lfisengy teslye sansles. i e, Eeavsen toged 24 H@ar%é agEpry 130 by the
IBH% %nlg\%rz{gl@ R%Hes 186)/ atd! Qdcﬁﬁ!n’? he Cﬁ%&i@y%ﬁ&t 1% mawpdate the

crete val ues, or exanpl e =100 Hz,
memouyz 13®@by2ihe lbng-temea‘farweaiuy (il 618)eove1216 st rgreateresumber of

ecei v nd ccunu |nate uency erro
EFés €o§’6a efoE8t ?Fél‘ﬁét@e SFEA ftL%EO o average value, e,
Wﬁ:‘ﬁ QdbAL @M 1heRBbIa vatud 6f z&¥aNRhE freh@stcy SR B8y this number of
[ 0044] en the frequency tuner 126 has accurrul at ed

sespleyamneyxi be siggificasty Btheoevey dhe)Eeqianey Junes d@p|updates Hee memory
uency, tuner short-term and

]|38ng" ?%‘%%%egné‘V%{s%e ‘9% © lts%%segé }rat ed frequency error

[oedales (16AEG. 3 Thestake rcbmb@rﬁﬁ% a;weha@@erhSa\xeP@%ameeb agBort-term

esti mated frequency error cal cul ated over the

thrwle@}ri angl @ﬁmp@r@ thedenaesmmyrage vale 1o aleng-torm thieshalde It will
gﬁaﬁ’&mﬁ&%g% 'orarlgré, Jlél‘?“i‘ﬁ‘?ﬂlec Bt He ﬁ%é&éﬁ' ?tn%?er 126 may

oV a larger er of “sanpl es, r exa af |

coaipatee ther bﬂg-itetﬂﬂ awsdriger vaud te wiudtiise eseterm ahimhd)ldm over multiple

[0045] |f the short-term average val ue exceeds a

1§W8’F3F1°Péernrﬁ}ishr eshol d value, e.g., 175 Hz, the
[fopeguency Aé‘I&I%EH]JE%GAprfg %@MCQ&% | ?llt d ﬂ?FL(t} hﬁcan be applied

short-term average val ue e short-term
invevapty wiimosles) oasludmg, bu(cam dlmlltrel toh de@tﬁntgja \sailnddpnet Hedicated

Jg%ﬁ'gf&w%lm r{ﬁ_%rr ud%gra ehgnlﬁgl 1roa80as{1 control channel

(BCCH) detection mode, an 1dle mode or a random access mode.

[0048] The AFC technique can also be applied to detect a dedicated traffic

channel (TCH). In this mode, the frequency tuner 126 optionally considers only
samples received on a standalone control channel (SACCH). By disregarding other
samples, processor resources are conserved while ensuring adequate performance. If
the frequency tuner 126 only considers SACCH samples, the AFC technique is enabled
before every SACCH burst and disabled after every SACCH burst.

[0049] With some adaptation, the AFC technique can also be used in an
FCCH/SCH detection mode. During FCCH/SCH detection, the modem 114 has direct



instance, if the long-term average val ue exceeds a

| ong-termthreshold value that is |ower than the
wehaerstosésas m t hr eshol d val ue, e.g., 50 Hz, over PaT/US2004/033114

greater nunber of sanples, 1#.g9., twelve sanples, the

frequency tuner 126 updates the nmenory 130 by the

| ong-term average value (166). In addition, the

frequency tuner 126 may update the nenory 130 by the
cbmfgl-dver lﬁlequv@bﬁgﬁckﬂaguem(cbﬁﬁﬁgly,vm this mibié¢,|thgfegtercy tuner 126

nunber of sanpl 96 sa Ies ard f the...
compmyspates e m@ Heghécrad fifgs o 1 m SR 18 M Addition,
rétﬁé}&h%:ﬁaﬁanh gqu\éﬁéw&r&fesﬁﬁa&s oY chib EFMRIEYE hidem 114

over I's nu sanpl es may be significant.
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exceeds the HeCH gpquencat asepr @ye@h@é@,éh@modﬁmu 1H4rupdstes e memory 130

h t hat .t fre ne n r
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ndhi&§NB0dS VRSt thel htzér@geemlﬁe eBirtier Oif theem@kdpe. vald0d Ie}ss than an
As described above, the AFC techni que depl cted in

SER diequencyspior siresholdy thamode bkt sitsegds tq ﬁwéﬁuhfgSCHLﬁhamel
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St e e o aon St e 1003 TH
@ edireaAthsdnits dofr NG MEE u@ﬂ?’fﬁe oSt febdnd ﬁ%ﬁ@&lcyto?@,et value as a

req ency tuner 126 opti onal consi ders only sanpl es
staetmg peidt.oifhia fedgaentyl affset vane lsoﬂhen hritislgded (SACEHuUll Wjue stored,

sregar di ot her npl es, processor resources are
W§@ﬂ€ &%F?%n%ﬁégﬁ ing adequate performance. If the
[bb?ﬂuency HIBRE4-4 2fe %?hphsca S5iteR Sinvdbded C@Iﬁﬂh%e tdfparisons

AFC 't echni que i s enabl ed before every burst and

bevedn! thel tschms g glus:s@@imban%descpb@m] coppediiogonigh FIG. 3 and

tati.o AFC t a S n
BT SIS bR S eyt A 8" mrios
4-bedd® dritatelthdivaat fre@end p eﬁ@ﬂédtmhat@V@lcuiat@ﬂqu%O samples A
trackin g Accordingly, in this node, the frequency

solifldine lodpionn HpElated HeoamARa grrors of 0t yo o] giplke 50th
sgﬁ%#t Inzg ?%%1%? ﬁg@ FWHﬁangeé thd ﬂgsﬁggf %dfp%n%fh@tﬁﬁﬁf te(:ﬂﬁlﬂge (()jf FIG. 3.

requency error as descr
Ddveedelindshz04p06 muridl 208 andicdte shé Inesuftrdqamxhymg @r canventional AFC

esti mat e, as rel ativel on- ntized val ue.
technique using an%IR ieilter with v rylrhg scale ?’ ctors.

[0052] The dotted line 204 on FIG. 4 indicates the result of applying a

conventional AFC technique using an IIR filter with a scale factor of 0.01. As shown in
FIG. 4, the frequency error estimate responds slowly to the simulated frequency etror.
Increasing the scale factor to 0.03 produces the result shown by the dotted line 206 of
FIG. 5. The WCD 102 responds more quickly to the simulated frequency error.
However, the response is more susceptible to wide fluctuations between individual
frequency error estimates, which represent noise in the system rather than the simulated
frequency error. The dotted line 208 of FIG. 6 illustrates the effect of further increasing
the scale factor to 0.10. In particular, as the scale factor is increased, the WCD 102



[ 0050] During FCCH SCH detection, the nodem conpares

the short-termor |ong-term average value with an FCCH
wobnrewguwaesay error threshold. |f the average val BET/US2004/033114

exceeds the FCCH frequency 8rror threshold, the nodem

114 updates the nenory 130 by the full anount of the

average value. O herw se, the nodem 114 updates the

menory 130 by half of the average value. Further, if
responds; g euicklyudo ithe semgated dreqaencSCeirén; dopt dhe yesponssr is more
;rgeﬁggld the nodem 4 attenpts to decode the SCH

ChaR "Nerwi se, the nodem 4 continues to scan for

[00s31FCCH ¢ienn® a giaph depittirOdShmYat&BhdriRnbAdt @nmpiEEs Vetween
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ttechinigie ilsheied cands described mmﬁiéim 3 rapdpe giongentignal AFC
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assu % I{S{ﬁgnt({lﬂﬁgﬁgﬁﬁ?USI ng at%ggqgl IDASt recent ?%81(51 anso)lll to the

dotted dihe 206 V€ FEG. 5 ssdatedi livg J10i illhistrafdsi rediided glo&ss Gyisceptibility, but
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teBussiribe AT tephmi DRSS i 1 OdhofPed 5 compidionatidh BfG. 3 ana
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50 sg;gles solid line 200 i ndicates a sinul at ed
lﬂdle@fae yld@alrmqu@tcymr lastitates odawatdd aven 25 Bohes. A solid line

I 202 di
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RfKed 1262020indicaR8 the Bl bE aplfinkah! AFOfeciaiiphe/ 6MNBIG 3. Dotted
conventi onal AFC technique using an IIRfilter with

lings il A2 ks and 21 6 dedigate theowsylf of Applyingtaceptveriéonab AFShtechnique
Riygatsf}%gﬂh%g‘tﬁlg presult of applying a conventional

usingan IR filter with a scale factor

[0059]. O1. Aﬁlestidmfdl line F21G3 o«ﬁ FIChes findiqaen alie elesult of applying a
estinate the sjmlated frequenc

ORYeIongl ¥ ééo B ug L}%Wg sinele integragion denath pBtoyr SmRleS As shown
iheGr £t WwEh 998« ngoﬁdgihl?&{le{ ﬁ)qhé blﬁﬁllzﬁg&sfr ueﬁ&}Gerrér bufis highly

WCD 102 responds re q e simu
SM@QU@B(W nerseo Mncreimivesy e, 1nﬂegxatlonesl;emgt15&) iv&&:lvmsmples produces the

(BRI Byl By YO bt 2L SLRRED. P S rBeE i gL response i
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The dotted line 208 of FIG 6 illustrates the eff

sgfulptedt frequeneyt el i ﬁ@lrthhle IWBmgffhetlnﬁegtaaom.liwhltﬂ 96 samples

AUl Soh8eP ) Bl 51 e AFRE PR o | 18 YEBpee i

s@bgtaitiallp Winafffked BE BORS it DnliPEGverges on the simulated frequency error

after nearly 200 samples.

[0056] By contrast, as shown by the dashed line 202 of FIGS. 4-10, the WCD
102 combines the advantages of using a small integration length and of using a large
integration length by using multiple integration lengths. By generating both short-term
and long-term average frequency error estimates, the WCD 102 can respond quickly to
relatively large changes in the frequency error, while ignoring smaller changes that may
be indicative of noise in the system rather than actual changes in the frequency error. In

addition, calculating long-term average values and comparing them with a long-term



susceptible to noise. [0053] FIG 7 is a graph

depicting a sinul ated perfornmance conpari son between
woOheosAB&4s echni que il lustrated and descri bed i RCEIUS2003/033114

and a conventional AFC techni que using a quantized HR

filter wwth a scale factor of 0.03. By conparison to

the dotted line 206 of FIG 5, a dotted line 210

illustrates reduced noi se susceptibility, but slower
tHr&hplNoe et tHAR the stidiBtesmntieslicdd ficilitagtes nespordingto sialleraphanges
.be seen that the quantizeﬂ@Hﬁ filter fails tg converge
infhe fireguensy opier- sRedHIERS Ml GRAIRES IR TP QT A ST 56 01 samples

bnk i ti6hd #Adhe instantaneous

oEISoush A3 BB Bt o5 Bl gl e o
freeadnoy grrer edtimese bettveen surcessivedeapldsibal may setrheeispiegentative of

with FIG .3 and conventional AFC techni ques using a

agipalphanges L et a8 YERgEh. In FIGS. 8-10, dots

[0d¥di cat e iTRd '!fd@eg&ﬁ% dEScBpHEN 6T vRITUS e tiniet£R provided to enable
cal cul at ed over 250 sanples. A solid line 200

anygersert siilled i the brtte gractieq)the messertinyention. 3fwiops modifications to

i ntroduced at : I '
o AL s ity SRS s MR B 802 iy penre
phihéiples dedopibb@Herkinnasy Bd dpplikd4o ottt eRbédiimetisositimut the use of the
result of applying a conventional AFC technjque u.in%
inventiveyfaguliyit Aefosdngly, the REsant inyReLEN 1SRt 116‘8%4%(}0 Ibp figited to the
efibbdPlents Seprlls bn‘?fe &3 fedéin, BEULd _t@flieaawo}‘déag tHe widest scope

conventronal “AFC tec nique using single integration
cbasigtiit with the principlep hednovas feahwesndisalodetl Geredr. t he WCD

102 resgpgﬁs %uﬁégly to the sinmulated frequency error,
WHEAT LS CLAMED IS entible to noise. Increasing the
integration length to twel ve sanpl es produces the
result indicated by the dotted line 214 of FIG 9. As
shown in FIG 9, the response is |l ess susceptible to
noi se. However, the WCD 102 responds nore slowy to
the sinulated frequency error. Further increasing the
integration length to 96 sanpl es produces the result
i ndicated by the dotted Iine 216 of FIG 10. The
response i s substantially unaffected by noi se, but
only converges on the sinulated frequency error after
nearly 200 sanples. [0056] By contrast, as shown by
t he dashed line 202 of FIGS. 4-10, the WCD 102
conmbi nes the advantages of using a small integration
| ength and of using a large integration |ength by
using multiple integration | engths. By generating both
short-term and | ong-term average frequency error
esti mates, the WCD 102 can respond quickly to
relatively |arge changes in the frequency error, while
ignoring small er changes that nay




be indicative of noise in the systemrather than

actual changes in the frequency error. In addition,
woabwsuBetss ng | ong-term average val ues and conmpRCTMIG2004/033114
themwith a long-terml7 thrishold | ower than the
short-termthreshold facilitates responding to smaller
changes in the frequency error. Requiring snaller

changes to persist over a |larger set of sanples

provi des some protecti on agJoAIMS noise in the system

i.e., variations in the instantaneous frequency error
estimate between successive sanples that may not be

repr gsent at i,V f.a : ' { ; ;
err orq.' [O%‘S%eﬁjlo%etof (g%t%%{()l?ér;lga deﬁgrrl(:'}g?ff%ﬁ t{))fb%\?éa@ :ﬁg%sm a wireless
cemnnricatoh device, ieomettiod coropesiagl e any person skilled

in the art to practice.the present inventiagn, Variou

odi FYEREP TR Toh S EHIBEH RN SSHRFFS o SPISEiey S Short-term
ABRYE $hhe;t 0 those skilled in the art, and the general
principles described herein may be applied to other
enbodiveraping avkechodtsett b fragrenoy errhe estmoates fo detpraeine @ylong-term

Accordingly, the .present .i.nvention_i ot- |

85D WP Ehe 5o e e BTy & e P e S BE ¥Ry error

RBfBied, but is to be accorded the w dest scope

consi stent with the principles and novel features

di scldstrenirieg gienfreanepdy pisatiapannetioy qigtheishpiiterm ayerage value
t t ] C f i ed

JdBEBr SER Eh R0 hod PRAUENROR Al o R AR ke

conprdesdrminiing ter figqurgcy offsetsis s fmetidn bf dgulengyerer avarage value

estimates to determ ne a shqrt-term aver val ue;

vy thg long- e dreiac yalie srcesdy &d%iﬁr@rtﬁwag‘ggt‘ﬁahﬁﬁ@é’e’i fhan the

SehaL i ffesholdaflict €r m average val ue, the second set

conprising a superset of the first set of frequency

error estimtes; determning the frequency offset as a

functjon t he, short-te verage val ue when the

short=t er gf%?t%‘goé%}?%i’e%@%&gg’gn?ﬂgr t-term

t hr esfualefhiiAd He aveafs WRlES M third Setlof Eref iy @ABY estinia8&y the third
as a function of the |ong-term average val ue when the

debogmprésing asuwpesgeofithe sesons swof Srequdngy groresimatiseaitbl d

val ue, | ower. than.the shokt-ter res e .
The. ristsbtr o U arolRndy Bt of g RaHIe alfpdfyas f o i
0 o AHE[RAE Mdresti@htes third set of frequency error
estimates, the third

3. The method of claim 1, further comprising adjusting an oscillator

frequency as a function of the frequency offset.

4. The method of claim 3, wherein adjusting the oscillator frequency

comprises writing the frequency offset to a memory associated with an oscillator.

5. The method of claim 1, wherein:
the wireless communication device is configured to detect a frequency control
channel (FCCH); and

determining the frequency offset comprises



set conprising a superset of the second set of
frequency error estinmates; and determ ning the
wonefwassay of f set as a function of the averagepreaiuseooans3ii4
the third set of frequency ®@rror estinmates. 3. The
met hod of claim11, further conprising adjusting an
oscillator frequency as a function of the frequency
of fset. 4. The method of claim3, wherein adjusting
t he osci | uaingrorder ef)thenshortctenpravsage Waluei 41gl theelong-term average
frequency offset to nmenor y sociated wth an
B thegrt of e

vaigias e rauencyrpfSSehuhap thegn ortyiffg} eyeraeeple and the long-
] RRBLRL j ' i jogured to detect

t%?‘léaq er})%y cogéeﬁgﬁhggadgﬁé?&?g%gg%ﬁd det erm ni ng

t he frequesing aofalwetquebiophal fod slicdonesifiige shoet-tefm tamerage value and

hort-term avera val ye and the l.ong-term aver
1 -t (EFaER B erfy 5 1L 2 RENeB e GpS gielfe short-term
HBAES VaflcMhRY ShISho iRt Cavdidet iud ABES @oMer¥@dage FCCH error
val ue exceeds an F error threshold, and using a

thegbhedd.equal to half of the one of the short-term

average val ue and the | ong-term average val ue as the
frequency of fset when the one of the short-term

aver age valhéemathdd i eldiany-fikhen cdvdiiaipg deabdiagdogsciohization
exceed the F error, threshold. 6. The net ht?ld of

CCH
chpanek(3CH) whem e g9 ithessheg-tgae avrragy vrlus sching ingaierm gverage
&ﬁﬁqgféssgé“ SO NErOREg 0f the short-term average
val'ue and the long-termaverage value is [ ess than an
SCH error threshold. 7. The nethod of claim11, further

conprj si ng_decodi at .l eas ne of a.contral channel
O o R B S S0 Tl T o of
Qafbl dnah¥ ah@h tH4BR dAnkQNNection with a wirel ess

comruni cati on device, the nethod conprising: reading a
frequency offset value froma nenory associated with

t he cillator: averaging a fi.rst set of freqguency. .

er r or® est i a8 aRRERR A @Al RG R MpeioRPE g o wircless
dbaiicaAvg ldadicaGhemeaedrdmpeitingf frequency error

estimates to determine a |ong-term average val ue, the
secorreadieg a Seapancy pHgetyalggom a megfory pesoeiatedwidethe gcillator;

tr equa%@ﬁ%in%rgq{rst set of frequency error estimates to determine a short-term

average value;

averaging a second set of frequency error estimates to determine a long-term
average value, the second set comprising a superset of the first set of frequency error
estimates;

adjusting an oscillator frequency as a function of the short-term average value
when the short-term average value exceeds a short-term threshold value; and

adjusting the oscillator frequency as a function of the long-term average value
when the long-term average value exceeds a long-term threshold value lower than the

short-term threshold value.

9. The method of claim 8, further comprising:
determining an average value of a third set of frequency error estimates, the third

set comprising a superset of the second set of frequency error estimates; and



estimates; adjusting an oscillator frequency as a

function of the short-term average val ue when the
wehawrst3ésas m aver age val ue exceeds a short -t er mPCT/US2004/033114

t hreshol d val ue; and adj ust20ng the oscill ator

frequency as a function of the |ong-term average val ue

when the | ong-term average val ue exceeds a |long-term

t hreshol d val ue | ower than the short-termthreshold

val uedjwsting te ossillatrg frequericyiamagfimétiont dfethe everpgd wlugof the third

dft m ning an verage value of a third set of

¥ %ﬁﬁ%ﬁ9$:é?F5FS$§?u~ tes, the third set conprising a

superset of the second set of frequency error

esti mates; and20 adjusting the oscillator frequency as

a funld i onlher methodaob claya Samiheresn adiustingithe eseillatsr frequency
. r ' t | aj F
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witing the frequency offset to a nenory associ ated

with an oscillator., 11. integrated circuit (1C)

corrpr]iaisi ng 0 Briegded Fllr%{%&g) SWPTEIHY ocessor ar r angenent

oper afyi ps8hdtoraital €d to the oscillator and configured

to average a first set of frequency error estimates to

det eraproesssorsimangerhent operagvely eoupddd e, thaveilbge sad senfipnaed to

set of frequency erro timates to determne a .

ongt er m AVEREEE W5 960! FRRNCOEE ERR SHImAES iAo 4 short-term

SeRgE $8ueof the first set of frequency error

estimates, adjust a frequency of the oscillator as a

functi on civerage asseeend seé o fepguensyeervarl asimatee rio diatsrmine a long-
ort-term.average val ue exceeds a short-ter

(BAF aLraR VY- e St ] RIRPTTRY  quRelRy) o st set of frequency

e ebtiradted, as a function of the |ong-term average

val ue when the | gng-term average val ue exceeds a

| ong- t er madiist gh&rduapgy & thevesciltatrinas Refugrien -of dhen short-term
e{vgfagé Q’qug vyt%hl'[ﬁe sﬂtﬁ’t-%emeav‘argg? fvalﬁle %kg%eglél a sﬁ%ﬂeﬂnnth}égﬁold value,
I's Tu ntrg to:

processor arrangemnen her co ure
ahdt er mMm ne an average value of a third set of frequency
error estimates, the third . X
adjust a frequency of the oscillator as a function of the long-term average
value when the long-term average value exceeds a long-term threshold value lower than

the short-term threshold value.

12.  The IC of claim 11, wherein the processor arrangement is further
configured to:

determine an average value of a third set of frequency error estimates, the third
set comprising a superset of the second set of frequency error estimates; and

adjust the frequency of the oscillator as a function of the average value of the

third set of frequency error estimates.

13, The IC of claim 11, further comprising a memory operatively coupled to
the processor arrangement and configured to store a frequency offset to adjust the

frequency of the oscillator.



set conprising a superset of the second set of

frequency error estimates; and adjust the frequency of
woOhersaseisb| at or as a function of the average vatuaseio4/033114

the third set of frequency 2rror estimates. 13. The IC

of claim 11, further conprising a nenory operatively

coupl ed to the processor arrangenent and configured to

store a frequency offset to adjust the frequency of

the pscil Tiad GC. 84 cldm Thewheienf thd anemdr$, conymises . mhevolatile

menory conprises a nonvolatile nenory. . The I C of
mem&i¥n , wherein the processor arrangenent is

configured to: detect a frequency control channel

(FCCH); adjust the frequency of the oscillator by one

of th& shohdIQ ef ¢taiav Y, axfereim thecpracadsariaerahgampnt érqenfigured to:

aver age val ue when the one ' short-term average

val u@‘%ﬁﬁ&aéf%echﬁﬁP@?#ﬁhﬁwg%%&ﬂgl ue exceeds an FCCH

err _OFﬁijhé’cr‘cﬁ@ﬁ%&ho}aﬂfdth@QJséiﬁBtOIf B ohé BfHRREN-HmT HRrage value and

osci I "ator by halT of the one of the short-term

tteviengtpem\eaeage alde then [tmepet afithe shasti-isge avelege valRe and s long-

one of the short-ter erage val d the long-term
tIMAVEFEC ¥ ﬁSX‘:(?S%ssanr@ gé’g gﬁ? %é’ Hnﬁ—ﬁl error

t hr egiakidne &bquehbeof fhe @bcillitai By h&if ofhe loak bf theahort-term average

processor arrangenent is configured to decode

valpnend theilorg-ieon ayeraghedlug g@ﬂ} therus of e HRE-tem ?Y%age value and
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of claim1l, wherein the processor arrangenent is
confi gured to _decode at |l east one of a control .chan

|
and a0t r aflhp dC oA ghwe) Lo, Paoroan e RIPESEOTABHRETR YUY 8‘??1%‘5‘“6‘1 to
dg&vde%esg&%&%%ﬂgﬁhaqscw vAlRheRO Bndbf MBGREkI&Qm average value

receiv ; a reCelve arrangenent,

an etedbng-edry avenapt edu¢ & ledsehamaneSOH eroo thyesheldat e a
plurality of sanples as a function of the RF signal;
an oscillator, operatively coupled to the receive

ar r angeneni,e 304 el QUNERrdiR IHLNBERES Ardnb@asars ¥onfigured to
and a processor arrangenent, coupled to receive the

dptadealt icast apf of awpitedd chamel atvka traldieiohanngt.r angenent and
configured to calculate a plurality of frequency error
estimates as a function of the

18. A wireless communication device (WCD) comprising:
an antenna arranged to receive an RF signal;
a receive arrangement, operatively coupled to the antenna, to generate a plurality
of samples as a function of the RF signal;
an oscillator, operatively coupled to the receive arrangement and configured to
generate a frequency; and ‘
a processor arrangement, coupled to receive the plurality of samples from the
receive arrangement and configured to
calculate a plurality of frequency error estimates as a function of the
samples;
average a first subset of the frequency error estimates to determine a

short-term average value,



sanpl es; average a first subset of the frequency error

estimates to determ ne a short-term average val ue, 22
waversages4a second subset of the frequency erroPCT/US2004/033114

estimates to determine a | ®g-term average val ue, the

second subset conprising a superset of the first

subset of frequency error estimtes, adjust the

frequency generated by the oscillator as a function of

t he short tavernganeceqd srhbetofwhe freqisacg koot edtanates to determine a

aver age val ue exceeds a short-termithreshol d val u

B et el 6 perty R chFRebg o Moty e subset of
fagquendtafdriedin@bs,t he | ongterm average val ue when the

| ong-term average val ue exceeds a |long-termthreshol d

val ue | oneadjushihe froquensiygenerpied hytthe escHistet agal firection®f the short-
' ' cessor, arf, ene
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wilusatidi rd set of frequency error estimates, the third

set conprising a superset of the second set

) of
frequency asfushthediaqrenayegencraied bydhe escillater gsraciypelipnof the long-

[ f oy f
08 P BB yple iR lonPhiih Aérde R b8R's oiktoom throstold
edid loeeethan #@. shdtteerdObrasholdlvalue 18, further conpri sing
a nenory operatively coupled to the processor
arrangenent and configured to store a frequency offset
to adjgist tRew s Gadsh 98, Wsrehs tld htb&sor 2ttangtiRnVLrurther
of claim 20, wherein the nenory conprises a
qonfigeiedtd:l e menory. 22. The WCD of clai m 18, wherein

the processor arrangenment.is.configured to; detect a i
Fr equisRag o At AR NETRaT « Beip! OBl Bty bt Bl tird
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val ue and the | ong-term aver ag; val ue when the one of

t he oHpist thefraqueney ggecrotgi vy BwdoscHitarowsga dimetign eafale average

e [t hol d; and adj ust the
%a%gﬁéﬁ%@ﬁgg&t@egsm yleefrfl{oorebtaycIlt Sglf of the one of the
short-term average

20.  The WCD of claim 18, further comprising a memory operatively coupled
to the processor arrangement and configured to store a frequency offset to adjust the

frequency of the oscillator.

21.  The WCD of claim 20, wherein the memory comprises a nonvolatile

memory.

22.  The WCD of claim 18, wherein the processor arrangement is configured
to:

detect a frequency control channel (FCCH);

adjust the frequency of the oscillator by one of the short-term average value and
the long-term average value when the one of the short-term average value and the long-
term average value exceeds an FCCH error threshold; and

adjust the frequency of the oscillator by half of the one of the short-term average
value and the long-term average value when the one of the short-term average value and

the long-term average value does not exceed the FCCH error threshold.



val ue and the | ong-term average val ue when the one of

the short-term average val ue and the | ong-term average
woabos@3eiaes not exceed the FCCH error threshol @CRRS284/033114

The WCD of claim 22, wherei2d the processor arrangenent

is configured to decode a synchroni zati on channel

(SCH) when the one of the short-term average val ue and

the | ong-term average value is |less than an SCH error

threshol d. 24. The WCD of claim 18, wherein the

processor .arr. ement. i s,caonfi.gured to decode at l.east
oo gb-a ABROTOD SARRLI2 AT PP Esa AFRermends Cifigured
tB' RESRSH kydht GREHRICR Chaf®IE CBl) Rehen B8 thel & th8 «BbAIERY average
a first set of frequency error estimates to determ ne

valustaod the longricaneavatpge valug és leprethars a S¢Heareor syeshyldy
second set of frequency error estimates to determne a
| ong-term average val ue, the second set conprising a

superget ofhetWeED bf Sains €8, vieréih ShEIE0EHssE6H drfingement is configured
estimates; neans for adjusting a frequency of the

toslesqdeat lspstage af  gerirql ghange!l ailea &3fHe chanmeh aver age

val ue when the short-term average val ue exceeds a
short-termthreshold val ue; and neans for adjusting a
frequesncy Aprocbsopatingemenrcoaspraingunct i on of the

| ong-term aver gge val ue en th ong-term aver age .
val ue exceBdss 2011 YRS %fsﬁ P@s‘% éJT e&u%%yfér o Gﬁ%tpatg?} ipndetermine
4 B0 Lodr Slaidy eshol d value. 26. A

processor - r eadabl &€ nedi um cont ai ni ng _

pr ocessor -means ufoabdveragig raustdond sset orf: fraquanayi errpraestimates to
irst set of freguency .error estimates to.determn

deilng Ehontotsh SEESREVAIER. 6 srtpr ig SrubBifech Sl of te first

def SEMENCNCRSFRest@BhtediBt €S tOo determne a [ong-term

average val ue, the second set conprising a superset of

the first meansdpr pdivgfinge freguensy elstherascidlgior as a function of the

etermning_a frequency, of S i an h g
SRbTE B el SPLECHEAT o hBF ot ool SphPofeds 8 shorttom
Hedsheldexlessd a short-termthreshol d val ue; and

determining a frequency offset as a functjon of the -
| ong- t er mTB%ASS gk adiapting wfEsqueny Photg-asetiforiasy a dnction of the

%ﬁ%—?&me X6&58S Ak ORYed GhE bRE G0 afer@ YandeOWReedd 13N ong-term

threshold value lower than the short-term threshold value.

26. A processor-readable medium containing processor-executable
instructions for:

averaging a first set of frequency error estimates to determine a short-term
average value;

averaging a second set of frequency error estimates to determine a long-term
average value, the second set comprising a superset of the first set of frequency error
estimates;

determining a frequency offset as a function of the short-term average value
when the short-term average value exceeds a short-term threshold value; and

determining a frequency offset as a function of the long-term average value
when the long-term average value exceeds a long-term threshold value lower than the

short-term threshold value.



short-termthreshold val ue. 24 27. The

processor -readabl e nedi um of claim26, containing
wobrnishaes4pr ocessor - execut abl e i nstructi ons for PCT/US2004/033114

determ ning an average val wd of a third set of

frequency error estimates, the third set conprising a

superset of the second set of frequency error

estimates; and determning the frequency offset as a

function of the average value of the third set of

frequency. error estimates. 28..The prqcessos-readabl e

nedi éﬁ] of T%FaPFﬂ"E?Eor‘&?ﬂf" P ey - ?ﬁ e‘galm 26,” cotaibing further
p&&%&%ﬁ%?&m%%ﬁﬁﬁﬁﬁﬂﬂﬁ%néRﬁirUCtiOnS for adjusting an
oscillator frequency as a function of the frequenc i
of f s eletermingreavsrageesbisof pdavhist ef freaienay elfrorcersanw%/eﬁshe third

cont ai ning further. processor - bl e | r UGt ians
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assoGleriathing the fauess offwt oy a fidldtiod B the average value of the third
processor-readabl e medi um of claim 26, contai ning
spleftirapennycees s8EnERecut abl e i nstructions for:
detecting a frequency control channel (FCCH); using
one of the short-term average value and the |ong-term
aver @ge vahee pascebdoe-réadeblaemwdivoh f £t cladnen26,heoonming  further
the short-term average val ye and the,_ ] ong-term averﬁ]%e.
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Hek SRy Btk 0 hal f of the one of the short-term
average val ue and the |l ong-term average val ue as the
frequency offset when the one of the short-term
aver agge val.ue and the | -term average. vahye dogs .not
ocedd  ndosreriogreAdp R REre st “Hhint “287 CSRERAE uther
R6QE&TIREctAAE aibieudiBas Ut Olrithali e SPequedsy adffieNdo a memory
further processor-executable instructions for decoding
asejatechwihar gsdildgiochannel (SCH) when the one of the
short-term average val ue and the | ong-term average
value is less than an SCH error threshold.25 32. The
pr ocesgs or -TiRadaddeesoraeddaBleo fmadiah Mo26¢lap@nRa) rdontining  further
further processor-executable instructions for decodi ng
RECOSEEPRCGHDIQINSHUGKWE fF  channel and a traffic
chan : - di um cont ai ni n
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using one of the short-term average value and the long-term average value as the

frequency offset when the one of the short-term average value and the long-term
average value exceeds an FCCH error threshold; and

using a value equal to half of the one of the short-term average value and the
long-term average value as the frequency offset when the one of the short-term average

value and the long-term average value does not exceed the FCCH error threshold.

31. The processor-readable medium of claim 30, containing further
processor-executable instructions for decoding a synchronization channel (SCH) when
the one of the short-term average value and the long-term average value is less than an
SCH error threshold.



instructions for: reading a frequency offset val ue
froma nmenory associated with an oscillator; averaging
wa 200sr8684set of frequency error estimtes to deCEmUS2008/033114
a short-term average val ue;25averagi ng a second set of
frequency error estimates to determne a |ong-term
aver age val ue, the second set conprising a superset of
the first set of frequency error estinmates; adjusting
an osai | | ather p&qsmwmeaﬁabis ancdumet bfmclafmt P& containing further

short-term era e val th rt-t rm aver age
RYRebRor SR EBANS HSOHOMGS BF (HOHEaH P 47 GLe onfol dtiinel and a
pHhdstinpg. the oscillator frequency as a function of

the I ong-term average val ue when the | ong-term average

val ue exceeds a long-termthreshold val ue | ower than

t he ort-termthresho val ue,. 34. The. .

processor 4 e B RBFE e aﬁll%}ﬁ S §%’r,r&alé%nr¥t aiPh & asor—executable
ihsthichHefs fof:ocessor - execut abl e instructions for:

determ ni ng an averfge value of a third set of

f r equesiys ae fregensy pfipgivalie fompa memogy aseciatsfpyithangycitlator;
superg r g
oot rriaetie f S MU aSRendy onbP IRk 36 Blermine o ghorttem
ﬁmngbwdneof t he average value of the third set of

frequency. error estimates. 35. The processor.-reada
medi (RPBEING &5A0RS set eﬁﬁaﬂwﬁnﬁg oFiF eRpates 10 detering @ fong:term
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uency offset to nory associated with an
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adjusting an oscillator frequency as a function of the short-term average value
when the short-term average value exceeds a short-term threshold value; and

adjusting the oscillator frequency as a function of the long-term average value
when the long-term average value exceeds a long-term threshold value lower than the

short-term threshold value.

34. The processor-readable medium of claim 33, containing further
processor-executable instructions for:

determining an average value of a third set of frequency error estimates, the third
set comprising a superset of the second set of frequency error estimates; and

adjusting the oscillator frequency as a function of the average value of the third

set of frequency error estimates.

35. The processor-readable medium of claim 33, containing further
processor-executable instructions for writing the frequency offset to a memory

associated with an oscillator.



