WD 03/ 079570 PCT/ US03/07718 VELCCI TY RESPONSI VE Tl ME TRACKI NG BACKGROUND
OF THE INVENTION Field of the Invention [0001] The present invention
rel at es gepasabdsyoto wi rel ess communi cati ons devi ces. MrreTdapesifrigcal |y,
the present invention relates to techniques for tracking timng references
in signals received by wreless communi cati ons devices. Description of the
Rel ated Art [0002] Mbbil e comruni cations devices, such as w rel ess phones,
are often enployed in vehicles or other nobile platforns that travel at
relatively high velocities. For exanple, nobile conmunications devices are

often used in autonobj]les rain n irplanes that travel at speeds as
fast as several hundrgbm¢lﬁm®§1%ﬁ@6@@¥?mﬂ% rel ess

comuni cations environnments, radio frequency (RF) signals are often
transmtted between a transmtter and a receiver across a fading channel.
Wien the transmitter aRACKGROUNROF FRFIMVENTHON e vel ocity with
respect to each other, signals received fromthe fading channel exhibit

f 1 uct uat ifoeld of thednpdntionde and phase. These fluctuati ons have a peak rate
that is a function of this relative velocity. According to this function,
as the relative velocity increases, this peak rate also increases. [0004]
Si grifi0&l]sent dbreopssadhvdntich nglagdsagemetadlyntey warelesy eomtmuniatioec deviess. as a

nunber f multipath transm ssiaqn canponents. M tipath transm ssi.on
corrponenl(:Mo‘"&r épe‘«‘ﬁﬁa i d |pr§1@n\5va1{}\éqn}1nﬁtrg AR P ECFEW'H TSotAfalr G fming

transm ssbRRmRYs hREnhls3BSNdd ) wirelM4 dohRAldicAibafadi&si on conponents may be
caused by wavefront reflections as well as by other physical occurrences.

To a receiver, each nmultipath conponent appears identical, except for a

di stinct bdseBp&dH drlihe RBGdsAKRl |y a distinct signal strength and a distinct
carrier phase. [0005] Many receivers, such as ones enpl oyi ng coherent code
division nultiple access (CDMA) denodul ation, require precise timng

r ef es in ' ¥ LU0, ' nbol s.

I R B o A
nodul at i orhpisarether suobfaplatioemamotraad edrelativhlythgh vdoeitive dF@iegaabke, [ 0006]

For mobil e .communi cations .devi ces, _such.as w relbqss CDIVA tel.epl)honehs t he
mobile communications devices are dften used in automobiles, trains, and airplanes that

travel at speeds as fast as several hundred kilometers per hour.

{0003] In wireless communications environments, radio frequency (RF) signals are
often transmitted between a transmitter and a receiver across a fading channel. When
the transmitter and the receiver have a relative velocity with respect to each other,
signals received from the fading channel exhibit fluctuations in amplitude and phase.
These fluctuations have a peak rate that is a function of this relative velocity.
According to this function, as the relative velocity increases, this peak rate also
Increases. |

[0004] Signals sent across such fading channels may arrive at the receiver as a number
of multipath transmission components. Multipath transmission components are
individual RF wavefronts that stem from a single transmission by the transmitter.
Multipath transmission components may be caused by wavefront reflections as well as
by other physical occurrences. To a receiver, each multipath component appears
identical, except for a distinct time shift, and usually a distinct signal strength and a
distinct carrier phase.

[0005] Many receivers, such as ones employing coherent code division multiple access
(CDMA) demodulation, require precise timing references in order to convert received

signals into information symbols. These timing references are synchronized to



reception of multiple multipath signal conponents from a fadi ng channel
causes difficulties in maintaining such precise timng references. [0007]
A CDVA r eweoiosmroscan distinctly identify and denodul at e nulpCiTfzssnsoTesrponent s
that are separated in tinme by durationg greater than or equal to
approximately 1.5 PN chips. To perform such identification and

denodul ati o receivers typically .enplo functional .conponents call ed
denodul at {n8ﬁul?ﬁ‘ﬂb%arr§1?e%s\/€g€tearr? asrséggtlg@g?té thy &C lyVS%?é%P?l& unabl e to

di st {00051 y i depdd fnybidd dogaimbutiahedéides] ahhascRifplesieCDM AepRpRGRS, the time
by ess than approxi mately 1.5 PN chips. Thus, for such nultipath
conponent ¥cepiiosi algneultiplenmaliingth signpl sg@ponansy frpan ja Sadieg charnedeanses a time
ref erence  f.xrom nmul ti Ul . hat provi des opti nal

denodul at ?lgfﬁw"“glt%eéﬁ%ﬁa?‘l‘etglf‘ %ﬁ)‘ﬁgﬁ#ﬁee%%g?%%%gﬁcgg of such derived tine

ref e[0OOFES i s ACbMVRORCcEGebemadisincd$s identificindaddnasiuiad emltimsiocompedntsi t h t he
fading channel vary, so does the optimal tinme reference. [00 9&

Accor di ngihgt argtssparped {a die by dusations ereaien Moot ¢aya! tharprpigpieded \eNoci t y

responsi va..1r aeki P j i I : [ y i el ess
communi cat 1’ %s%e&?@gﬁl %Lc%%@%gﬁ%%ﬁ?%@%&%@a% O%i%f&‘%ﬁzﬁgé seeany

i nvent i onfunstichat ectpdndnts ealledtdeadbdalados fsigemn fIdowgvenviedeimers\aed typidajly
responsi ve trackjng qf .a timng reference . in_.a signal received '

i roross bl by T pORP RS SRR s RdYe ¢ he
velocity Qfs g apWeRimslsiyer 5pMe cRipd.r aakd, T6r SRAGHUba®B dompoEnts hatingle
corresponds to tRe estimated velocity; and filter a timng error signal
with the démadaation fprgedusiet do Bohest &t desivgriaiime refereaemire) wultiple meltipithg of a
synchroni zation clock. This nehronization cl ock may be a finger clock
that cont FBMECERS ﬂ?zﬁr?f%vdde&fol’gl%’ﬁigﬁrﬁ%ﬁ%%sog KB USequence gener at or

conf je@@BEd f Or Thel esRfieRce bfasueh | dkivey Ml refe@benRcs. prbbRinklic Detarseimi ng t he
tracki ng speed involves increasing the tracking speed as the  estinated

vel ocity flidraipgeriesnepsodaled a¥ith da frding shamnglyVagyesel dess thfe opdmplhHmed

vel ocity gegreases. Increases and decreases in the tracking speed are
performed by adjusting the bandwi dth of the filter. [0012] Al so,

det e[0®08] ng t hacdorainklyngvispdedendsd isnlsystemnapipinethoththae pravides ey
03/079570 PCT/ US03/07718 3 velocity to a.velocity range, and selecting a
speed t hatesRRshes fEslies; Oft HRIpE| HEFTEyees afiyesignals ™ recel by ‘a wireless

communications device.
SUMMARY OF THE INVENTION

[0010] The present invention is directed to a method and system for providing velocity
responsive tracking of a timing reference in a signal received by a wireless
communications device (WCD). The method and system estimate the velocity of the
WCD; determine a tracking speed of a filter that corresponds to the estimated velocity;
and filter a timing error signal with the filter to produce a control signal that controls the
timing of a synchronization clock. This synchronization clock may be a finger clock
that controls the timing of a pseudonoise (PN) sequence generator configured for
despreading a pilot symbol sequence.

[0011] Determining the tracking speed involves increasing the tracking speed as the
estimated velocity increases and decreasing the tracking speed as the estimated velocity
decreases. Increases and decreases in the tracking speed are performed by adjusting the
bandwidth of the filter.

[0012] Also, determining the tracking speed may include mapping the estimated



as the tracking speed. [0013] The device's velocity is estinmated by
measuring a |level crossing rate of a nultipath signal. Alternatively, this
vel oci ty weyslo®sest i mat ed t hrough the periodic nonitoringcefuspsier7devi ce' s

| ocation through services such as the_global positioning system (GPS).

[ 0014] Mbreover, the present inventiof is directed to a tine tracki ng | oop
filter that filters a timng error signal to produce a control signal for
cont rol | yélecityhe atvettcitg rafgeaandssetecting mispead that aokissponidh tq the VRIoSIty T4t i ne
tracking loop filter includes a velocity to gain translation nodul e that

r ecei vesasdhe Fagkip@iRegdvel oci ty of the WCD and produces a gain signal that

cor nds t 28t iVaRicad Nel@giated by hBedsifiBs tar ROKI bstiogpafel bf @r al so
inc‘@gg‘g a fi?ttlée:a%‘élt%igge hav?nlg a tracki %—g speﬂgggthat i s determ neﬁitcby t he

val ue of mulipagaiignalsi Aheratiiy thisardpeity B8y i HEUENEC RO t hat

fluctuations int i t ,si | t (et o [ 0015
The. pr 6SBREBNPHRBEA 1B BHVEn I SIEBt TS e s et o ap ey gRkiofine Lo00 s
signal s gﬁ%{/@pls)by the WCD. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0016] The

present 1'nvention will be described with reference to the accfﬂgg)atﬁ tl ng
dr afi0idhs. | n Museahen\the sesent kuentigneisediEreiadutont PECHEAATE |pP; i d %e
identical., functionall | i ; tblE O Mhe @migbeent s.  The
dr awi ng %IHeWﬁ Wl%nerroerl%%l;a?l?a kﬁdggégg{g)gg?lz&%ﬁ;ﬁitf%?écét ed by the Fef t nost

di gi t (S) sydentdhezatieh eloek G tHRUWIGHD.. ThO Gire] traekiBg 1dop Slter ibtludés alvelgeiinicof an

exenpl ary nobil e communji cati ons environnent ; 00 2,1
i | | ust r agdigrirasplagon BEAIGdpat IR VS FNSTHIRA .r‘/g}oé?@ O_iwﬁ%%’%‘} Blﬁogagegeavi ce;
L0019] PGy ForlaPundl mr&ﬁéodg%?&Eﬁ:@sﬁ{faﬁéﬁt\feﬁfcitﬂg TR tilieRtRRBIE86P Hlteraflsc

denodul af 6 =f1 nger; i's a block di.ae%ramillustrating atime
t r acki ngirtiledes afilteattags havilgD@ irhckingpesd ithat i detesmknedibyghamlve PLBE3H ng a

time tracking loop filter; 022] Fl Gs, 7. ar.e f. st rating
oper at i ofitgnak JFdHCERESARAS) ‘iﬁ?‘?{ﬁ“&@&%?ﬁ?@ trﬁ%glﬁlgtnugl{lg%glb ﬁté\rgian@?%%% ng; [0023]
FI Gs. 8A- g&e@'&ﬁhﬁ%ﬁt&ﬁ S;glﬁg;_ provi de exenpl ary mappi ngs between velocity
ranges ahd gain signal val ues; WO 03/079570 PCT/US03/ 07718 .4 .

[0015] The present invention advantageously maximizes the signal fo noise ratio of

signals received by the WCD.
BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The present invention will be described with reference to the accompanying
drawings. In the drawings, like reference numbers generally indicate identical,
functionally similar, and/or structurally similar elements. The drawing in which an

element first appears is indicated by the leftmost digit(s) in the reference number.

[0017] FIG. 1 is a block diagram of an exemplary mobile communications environment;

[0018] FIG. 2 is an illustration of a receiver portion of a wireless communications
device;

[0019] FIG. 3 is a block diagram illustrating an implementation of a demodulation
finger;

[0020] FIG. 4 is a block diagram illustrating a time tracking discriminator;

[0021] FIG. 5 is a block diagram illustrating a time tracking loop filter;

[0022] FIGs. 6 and 7 are flowcharts illustrating operational sequences involving

velocity responsive time tracking;

[0023] FIGs. 8A-8C are charts that provide exemplary mappings between velocity

ranges and gain signal values;



[0024] FIGs. 9A-9C are graphs illustrating nultipath fading
characteristics; [0025] FIG 10 is a block diagramillustrating an

i npl enentwDi0d0N795370 an automatic gain control nodul e; [O002@CTRISG/HOTII8 i s a
graph showi ng an estinmate of a signal,in a noisy environnent; and [0027]
FIGs. 12 and 13 are bl ock diagrans showi ng velocity estimtor

i npl erent ati ons. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Congopdicat i orBICGENYA fashare graphe (e iratBeg wrbipgdfedingichef2¢masiiyent i on in

detail it is_helpful to. descrihb : W2 [ ok t he
i nvid823lon mayF ]Eg 15615@@#@% ‘iagra?h@u%?aetgéﬁzﬁpﬁ@\}%n%ﬁ?%tﬁl&?é?%%%t?ﬁn% géllny usef ul
in nobi | g capmdpiieati ons environnments. FIG 1 illustrates such an

environnent. [0029] FIG 1 is a block diagramof an.exe Iar%([ nobj | e
conjdd2ékcat i onElGerviis @gmphtshovma.an@ﬁmﬁﬁi%éﬁl%ﬁkln&ﬂﬂl%yﬁ?pfgﬂ?m HoMhel udes a

bas ation , syste ont.rol.l e 1 S &rr@;uné afakgns
devﬁ)gzln( WCD) 1%’]8%; gad ?ildrmn]bafl 3} E:pl iéltoglérnqll%%}?g[ %%%‘gi]n%&sivseg sltatisgn 102 is
coupl ed ﬁ@lﬁgﬁtgﬁgﬁpntrol | er 108. Toget her, base station 102 and system
controller 108 are part of a wireless comuni cations system (WCS) 120 that
exchanges information with WCD 106. This information exchange provi des

services, SpaALES DESCGRIPIEOND 0P TVHEPREPERRIBB[EMBORIMENTSons syst em
(PCS) applications. [0031] This exchange of information between WCS 120 and
WCD 106 occurs across various comruni cations channels. O these various

communi ce&b&gﬁii&%ﬂmﬁ@mnﬁle@{mt channel 114 and a traffic channel 116 are
shown in 1. These channels enable the transfer of infornmation from

base station 102 to WCD 106. Pilot channel 114 and traffic channel 116 may

und fadi ng.f e e RibilLthB NN dnaBABAdetal D dSis MEBFul 86 desceibeiavesasiptnal s
froﬁf()%ﬁ]ase chgﬁ%dg set hat ggxhi bit fluctuations in anplitude and phase.

These f| ectitoatiennsn fwhieh thepinsgntioat may rbgt implepemedr tibsRIPseb VB oci ty of
WCD 106. [0032]. Tr ic_channel 116 carrj [ [ BY&Y4mg

i nf or mat P%W,Cu EFI‘S‘gffél{ I%F@F@ea?qnﬁmgﬁlg%t% é\l}glﬁglté&lglﬁlt%f gg(?’ag nIfitlislg%ttggc hannel 114
carries phlifinnsdngnals to WCD 106 from base station 102. Pilot signals

enable WCD 106 to determine the timng of traffic siglln | s transmtied
acr G829 r af f i EIGhhisaeblogk diagrpm of a1 eRCMPLY¥MRAGHE @%@BT’ WEYAREE 106 to

Bgfg;g%gﬁ&,&ﬁ%%@%ﬁ%fﬁé{@%&@n@% ALRAE 4 Pastheibhabli £syatednedrirolMO
108, a wireless communications device (WCD) 106, and a mobile platform 110.

[0030] Base station 102 is coupled to system controller 108. Together, base station 102
and system controller 108 are part of a wireless communications system (WCS) 120 that
exchanges information with WCD 106. This information exchange provides services,
such as cellular telephony, and personal communications system (PCS) applications.

[0031] This exchange of information between WCS 120 and WCD 106 occurs across
various communications channels. Of these various communications channels, a pilot
channel 114 and a traffic channel 116 are shown in FIG. 1. These channels enable the
transfer of information from base station 102 to WCD 106. Pilot channel 114
and traffic channel 116 may undergo fading in a mobile environment. Thus, WCD 106
receives signals from these channels that exhibit fluctuations in amplitude and phase.
These fluctuations have a peak rate that is proportional to the velocity of WCD 106.

[0032] Traffic channel 116 carries traffic signals conveying information, such as
digitally encoded voice and data. Pilot channel 114 carries pilot signals to WCD 106
from base station 102. Pilot signals enable WCD 106 to determine the timing of traffic

signals transmitted across traffic channel 116. This timing determination enables WCD

106 to receive and process information contained in the traffic signals.



[ 0033] These traffic signals and pilot signals are CDVA signals. CDVA
signals are generated from synbol sequences through channelizing and

spr eadi ngwproeoesses. Spreadi ng i nvol ves mul tiplying a syroolussgguesice wit h
a spreadi ng sequence, such as a pseugonoise (PN) sequence. Channeli zi ng

i nvol ves the use of orthogonal channelizing codes, such as Wal sh codes.
Such codes enable multiple transm ssions to_ sinmultaneously share portions

of 10083F adi 0 Thequeniby s(eRE) asgentor gigneks tase GDMpnsisndler SAAMA F8#AN frean
exenpl ary i gnal generation 0cess .i a i: 74 nbol
sequence,z‘:’)'e“:,eEPé%?1 3%0%5 %)’P?Dé’inslef}\‘ler}??%g{b?ugiﬁt%ﬂ,aﬂl\\/{m ﬁfg«si a\&gl gﬁg%:dé efbg%%tsjé%{'hen

spr eadi ngp{-h&ino RDAREAIESFineSLHHARE Seqibiide itk d apicaditg seq@ince, gichRN a
sequences. Thi'S spreading function produces an |In-phase élla%haC[%lt\{A.sequence,
and a quastudongize (PYY) seDince.s Ehartebiging TRwal kes the yre 85 OUhRER e

sequences (not shown) th no t t > i etgshi ft
keyi ng (@‘%ﬁ’) SURY % aWs%!??lt tcg(g&t 0 1%%16%5%%}%&&2@%?%%%? As

descri begalia¥&usBi |sBhreSippRadis fof atieniradied firquasy ERFpt spehawmelwitheut provi de
timng references for traffic signals transmtted across traffic channel
116. Theguderférpiogg ref erences allow WCD 106 to synchroni ze its denodul at or
to preadiyn RNIR! Jiz | ' i cABthelYinPasemdbRAt i on
102h£b§4?hat t é]qatxr%a }alrg Sy o%lé%ﬁ?%ﬁ%{rﬁ%ﬁrg%g%;@%ygg stati onglo_g can be
coher ent ka/qéﬁﬁcfwdwmed strp &0 36 bidarpbits,cwith gnélatsht qodasaric thed spiepdias the af fi c
channel 116 carry informatign

seguences.. B tati 102, en nd
i nt er | eaveelZsH mEEAYACS Sl e QLAYHLS BWBC%??NSF%JP(%‘?%% t% (t)l%hgér}gﬁn%s
frames, E&{C(%g S?J&E NnNgh-piRe (DA OMANIAZ iddgemd 2801 € adhdigtur® Q) ADMAS

descri bed above. [0037] 106 1s a communi cations device, such as a
por t abl e stqleaghofbeseAs-phiabd aed guadsafuiensedpences (Neicghotod s thep (A 4 o

mobi l e platfaorm 110. bi | e platfor 0 Elaé '&p}ﬁ; t10b Sis dgfrmed by
vel oci ty tRIQER ﬂua]_ﬁ%%prell\%age tilgeﬁlmagf &%ﬁ’%% e ?a{r{em%(# Idl}gt uations in RF
signal s that; WCD 106 recei ves from base station 102. Mbile platform 110

may be an autonobile, a train, an airplane, or any other platform.capable
of {0@dMporti g Wh@%amvevﬁﬂl%cﬁlgﬂ%g%%%“%ﬁ f“'erB’EQ/P‘E(@ C?’ﬁaﬁg)%gﬁ4 provice

characteristics of RE signal i f angesd Lini
Commini AT B ETR0rBdot GULEppitgHARA abRR; EARRARel Lo Tkl Wiine
portion 20RreéteMENoWOB/ CIReDH e rsypdirohion AOIOBOAONAET 0o POT/ suserlingy 1nd

channelization functions performed by base station 102 so that the traffic symbols

transmitted by base station 102 can be coherently demodulated.

[0036] Traffic signals transmitted across traffic channel 116 carry information
sequences. Base station 102 encodes and interleaves information sequences into blocks,
referred to herein as frames, before performing the channelizing and spreading
operations described above.

[0037] WCD 106 is a communications device, such as a portable telephone. As
illustrated in FIG. 1, WCD 106 is attached to mobile platform 110. Mobile platform
110 has a motion that is defined by velocity vector 112. This motion affects the rate of
fluctuations in RF signals that WCD 106 receives from base station 102. Mobile
platform 110 may be an automobile, a train, an airplane, or any other platform capable
of transporting WCD 106 at velocities that affect the fading characteristics of RF signals

received from channels 114 and 116.
Communications Device

[0038] FIG. 2 is an illustration of a receiver portion 200 of WCD 106. Receiver portion



6 200 includes an antenna segnent 202, an RF front end 204, an automatic
gain control (AGC) nodule 206, a plurality of denodul ation fingers 208a

t hrough 288n3/0295conbi ner 210, and a velocity estinmator 2PZI/USODBIL8 Ant enna
segnent 202 receives radio frequency (RF) transm ssions fromone or nore
base stations, such as base station 182. Antenna segnent 202 forwards these
transm ssions as electrical signals to RF front end 204. [0040] The RF

t ransm sxionsludes en ‘aﬁtréthSQMean Be2,smgRE ton2ead Rork| apdeigrnplet n gABirel and

116, 1 gsé@%%@ﬂi}fe%%;n%tﬁ el e demp it G s e poht Lok a e
si gnal J%‘lﬁ} hﬁ'ﬁkfﬁ%@@ %’t%d{é@im’qy of rrul ti path conponents. Miltipath
I'vi dua

conmponents’are in RF wavefronts emtted by the same RF
trafeesdl ter, Autenwhiscdment 209 eecives radio dtogbensy(RER HisasBIssRBS HOPY ¥t pat hs.

These different at hs are th I d by
physi cal TO& Péﬁ‘en tatg. §‘f3?’u?§t ﬁ? ]rornogégd ﬁ?ﬂﬂ%%%%g&agﬁm aés??a{:l)&tE er
Physi cal (REGHEGGRARRIdichNAolRfs (o REROR &RI T, envi ronnent. The' mul path
conponents of a particular RF signal are substantiall y i ent[&?’% xcept

f or [0846] st i ncThe Rﬁgrasxmsslonpmwedb\\/@ntenaﬁéﬁg@@m 2 mﬁ Prot Y r the
comruni cat l.ons envi ron t sh I iC
ﬁ{c S an&nllng acfos :ﬁqf}{ %Eh anQ;n]fa aﬂﬁ'& 1516%%’[)6&1%1‘5/

signal s ug tra IC c annel may each have

a plural ghoh oPthefdihddeinal hlgfil@rﬁpmay? e % cdﬂmﬁe mgna]l that hlcwmcarldnltahtmpﬁ | be

grouped in signal pairings that include a 0 nal It| onponent
and a tra’fuﬂtilllﬁﬂsp‘an(Pneﬁﬁl pléippth C@&Wﬁaﬁéﬁﬁf“ @ES 'S%Pweade %a

conponen th Wlnjxe %ﬁsrﬁﬂt?f tlﬁlb Pl Xm'vg %9 ta'r@c%hw d% hBRGAAILRE dﬁﬁr@ﬁ E‘path@OWE‘ r

attri but phase utes. scri bed bel ow, 106
identifi Qﬁewffbf@cpahearetmewum qrmvefﬁ@nt rqﬂgsthm crusest Doplysiceb Fﬁﬁ@ﬂbnt S

referred to herein as d fln r cribed
bel ow i nangsERgtRTe YEEoYRdn d‘;?hﬁr i:(%raén% ?%O?EF lcafggé}gfe%% %d | '?lain to
receivi ngra%:mﬁ%élgﬂaeln%réﬂrﬁéﬂtonﬁh@'indmﬁﬁh RegPosdndd bPASparAdil&NRE sigedraent 202
may receive electrical signals for wreless transmssion froma transmt

power anmpiibstingially identis cwmeptdpr adistipepimeosift.pewer iyghrpg carigt Bissl e t he
RO AR S R RSB AR Rhwf HANR Sk WG BiAG ©

Wlthl antenna segnen Tray al so include a
di pl exer (ot sSHCMIss pilBPRInEF 4 oidt trffid cBfkhel ebﬁemyseaeh baverd plaraligy gnal s

from antenna segnent 202 within an _RF frequenc anpl es of
f r equencyf banitipathnetropruentsc e [Thegea puft éﬁ@?("llféi(ﬁj Waﬁg?ﬁ erey ngciltm%%l , and
a per Sonalmn%%m§|lgaha ODPiref Eléhﬁerﬁulﬁlgﬁﬁ)co%ﬁmw &atd #8dic signal multipath
component. These paired multipath components will have substantially identical
propagation delays, power attributes, and phase attributes. As will be described below,
WCD 106 identifies and processes these signal pairings in functional components
referred to herein as demodulation fingers. These components are described below in
greater detail with reference to FIG. 3. '

[0042] In addition to receiving RF signals from one or more base stations, antenna
segment 202 may receive electrical signals for wireless transmission from a transmit
power amplifier (not shown) within WCD 106. Additionally, to enable the
simultaneous transmission and reception of RF signals through a single antenna within
antenna segment 202, antenna segment 202 may also include a diplexer (not shown).

[0043] RF front end 204 receives electrical signals from antenna segment 202 within an
RF frequency band. Examples of RF frequency bands include a cellular frequency band
centered at 800 MHz, and a personal communications services (PCS) communications

band centered at 1.9 GHz. Upon reception, RF front end 204 down converts these



band centered at 1.9 GHz. Upon reception, RF front end 204 down converts

t hese WD 03/079570 PCT/US03/07718 7 electrical signals fromthe RF

f requencywban@745e0 baseband. In addition, RF front end 20&cwajsod/oi7ier the
el ectrical signals received from ant e:}na segnent 202 in accordance wth a
predet er mi ned bandwi dth. [0044] RF frdnt end 204 al so includes
anplification conponents (not shown) that increase the power of

si gnal s, ekvatrfcahstgmls Gtonarhe RF dfefinencyibgndlta basebard. v &y aggjtian Rk frgnt E'écbment
202. Exenmpl ar I r
(e o PP iRl A pERT BREREE i a2 ATBLLOLE 505,

and a VWlt}fi&) Rd&BtiinédPir dwiéth. (VGA) to anpli fy these signals after they
are m xed dovvn to an internediate frequency. (IF) during the

coniedddlon pr ddedront end r3We alsagacladescrmpliligatiop, @Wowms@obﬁ%?wwgﬁf i on
conponent.s _have, var i S5t 1eRGGe B Wh&nrP6.
Af ter MCE‘E)%VS}P %%grt 0 asgg d&% é%légﬁ) rﬂgﬁg{%{ﬁhg%%nglésses t he9| angl og
baseband seixgeal 2020 Qigplary aamaplifpation diogippatnts omltedet erlowoneisamsfidifier t he
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[0046] AGC module 206 adjusts the gain of amplification components within RF front

end 204. These adjustments maintain signal set 220 at a substantially constant power
level. AGC module 206 performs these adjustments in response to feedback received
from signal set 220. This feedback is used to measure the energy of signal set 220.

[0047] These adjustments performed by AGC module 206 involve sending a gain
control signal 240 to RF front end 204. Gain control signal 240 may include a plurality
of component signals, where each of these component signals corresponds to a
parficular amplification component within RF front end 204. These control signals may
be analog or digital, and convey a gain setting for the corresponding amplification
component.

‘[0048] Velocity estimator 212 receives a voltage estimate 244 from AGC module 206
and a baseband pilot sequence set 246 from within one of demodulation fingers 208.
Voltage estimate 244 is processed by velocity estimator 212 to provide a velocity
estimate signal 242 that is sent to each demodulation finger 208. Velocity estimate

signal 242 indicates the magnitude of velocity vector 112. Each demodulation finger



Voltage estimate 244 is processed by velocity estimator 212 to provide a
velocity estimate signal 242 that is sent to each denodul ati on finger 208.
Vel oci ty wetmnomse0 signal 242 indicates the magnitude of WPeTASNY/Y77v&Ct Or
112. Each denodul ati on finger WO 03/079570 PCT/ US03/07718 8 208 utilizes
this velocity information to control fts synchroni zation with nmultipath

si gnal conponent(s) received frompilot channel 114. Various
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from baseban gnhal set 220. As described above, these s nal ri ngs
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sharing Qﬁ‘al g'%&lb@@etﬂan@leﬂgam sel Q@@SO]AS [Gesmibet aboom thidsagignal @odngsr ack
mul ti pat onents by integrating received . pil ot peri od
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[0051] E “on Tl ngers processes |ts respective signal

pai ring giddal coipphidr add amffﬁssngmﬂlbmgpmwmbmamgqluem mwpafhrd@k@é synbol
sequences are_sent to~ combin

cor [$8bndi ng%%@ﬂbllaﬁ@é(ﬁ@éﬁfée?& %ﬁ’@ s‘iﬂn@%? légtg %atlﬁg ‘Paa‘f and
transmttad é”}gﬁaﬁss 8}1«‘—.& %éﬁ&i GF‘%@QB sddBaBndpoRer it Gid ﬂlﬂltﬂ;ﬁﬁl cdnﬁlﬂﬁlal]lt Upon

out put fPom e ers 208, synbol sequences 230 are sunmmed
combi ner frZ)iIDtheitditEIrIebqu:ﬂMﬁu Rhisgpesion gf imeysbased §é§§eﬁ§é@g2§@faﬂ§é§t{§?e

summation, eac uen 230 Nke sPaReessed

in H0Mérs toks %E ‘éorh ﬁf’rfcfﬁ)é Bér:glsnggrég;’ ggﬁ%cg 250, as
woul d be ;appar g%rrgsq,ogghggg}ﬁlbgkgédg@ﬂce 230.t mhegeetmmmeqmd;nses Qorsener 210

sends conbined synbol quence 250 to a delnterleaver/d coder nodul e 214.

[0053] FlcGmbBiei £1@. bfywnho oﬁeagmm" i2PP UBERCOHES PR G, 599302 i nger
208. This articul ar t fQ
gﬁpre eglﬁgc‘i,%l dﬁ%lq'etél 18%2:?1%18?&&2&%@63@ t FudEhzﬁﬁ‘lef 014/ 8Y Basd ¥

esti mat oV I nc es a PN sequence
gener at org 384102 PN despreader 304, a traffic channel decoder 306, a pil ot

channel decoder 308, a pilot filter a denodu 312 del ay
modi0e52314, a Unomeoutpuidkamhgach of fliﬂﬁ?rﬁégé’r SY?%@H SEAYHE :%f(}a?:rlglsﬁamll filter
combiner 210, thereby producing a single symbol sequence 250. Before summation,
each individual sequence 230 may be weighted and/or processed in manners to optimize
the quality of combined symbol sequence 250, as would be apparent to persons skilled
in the relevant arts. Combiner 210 sends combined symbol sequence 250 to a
deinterleaver/decoder module 214.
[0053] FIG. 3 is a block diagram illustrating an implementation of finger 208. This
particular implementation provides information to velocity estimator 212. As shown in
FIG. 3, finger 208 includes a PN sequence generator 302, a PN despreader 304, a traffic
channel decoder 306, a pilot channel decoder 308, a pilot filter 310, a data demodulator
312, a delay module 314, a time tracking discriminator 316, a time tracking loop filter
318, and a finger clock 319 (also referred to herein as synchronization clock 319).
Delay module 314, PN despreader 304, decoder 308, and pilot filter 310 are within a
pilot signal processing path 370.
[0054] Delay module 314 receives signal set 220 from RF front end 204 and imparts a

one-half chip delay on this signal set. A chip denotes the duration of a symbol



318, and a finger clock 319 (also referred to herein as synchroni zation
clock 319). Delay nodul e 314, PN despreader 304, decoder 308, and pil ot
filter 31Woasm79s7¢ hin a pilot signal processing path 370PCT0G82)77Del ay
nodul e 314 receives signal set 220 from RF front end 204 and inparts a
one-hal f chip delay on this signal se?. A chip denotes the duration of a
synbol WO 03/079570 PCT/ US03/07718 9 generated by PN sequence gener at or
302. As @neesdd by BN dehiencel @baaratod 802y Asieselt off this gelapudsday wadile fd4sequence
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despread gli g}nal set 326 with one or nore channelizing codes to produce
decover eB dat a sequence val ues that are accunul ated to form baseband
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Pil ot sedesneres?d4 $88s dasprehd dignalast 330 (orfigsedess P adetience 340 and a

d il ot 42. . Pi . t j iy | ot
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baseband traffic sequence set 332. Traffic sequence set '385 inzc£11u6des an in-phase traffic
sequence 334 and a quadrature traffic sequence 336.

[0058] Decoder 308 decodes a pilot signal contained in despread signal set 326 through
the decovering and accumulation techniques described above with reference to decoder
306. This decoding produces a baseband pilot sequence set 338. Pilot sequence set 338
includes an in-phase pilot sequence 340 and a quadrature pilot sequence 342. Pilot
sequence set 338 is sent to pilot filter 310. In addition, pilot sequence set 338 is sent to
velocity estimator 212. Thus, with reference to FIG. 2, pilot sequence set 338 is sent to
velocity estimator 212 as pilot sequence 246.

[0059] Decoders 306 and 308 perform decoding operations that involve the use of
orthogonal channelizing codes, such as Walsh codes. The channelizing codes employed
by decoders 306 and 308 correspond to channelizing codes employed by encoding
functionality within base station 102.

[0060] Pilot signals are used as a phase reference for the demodulation of traffic signals.
The ability of WCD 106 to demodulate traffic signals is directly affected by the signal-
to-noise ratio (SNR) of received pilot signals. Pilot filter 310 filters baseband sequence



[ 0059] Decoders 306 and 308 perform decodi ng operations that involve the
use of orthogonal channelizing codes, such as Wal sh codes. The
channel i 2wog3otdes enpl oyed by decoders 306 and 308 corr @sparsd3/or1s
channel i zi ng codes enpl oyed by encodigg functionality within base station
102. [0060] Pilot signals are used asVa phase reference for the

denodul ation of traffic signals. The ability of WCD 106 to nodul at e
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[0064] Time tracking loop filter 318 receives discriminator signal 360 and filters this
signal to determine whether the timing of finger clock 319 needs to be advanced or
retarded. As a result of this filtering, time tracking loop filter 318 sends an
advance/retard control signal 362 to finger clock 319. Control signal 362 governs the
synchronization of finger clock 319.

[0065] FIG. 4 is a block diagram illustrating an implementation of time tracking
discriminator 316 in greater detail. However, it is important to note that the present
invention may employ other implementations of time tracking discriminator 316, such
as a tau-dither implementation. The implementation of FIG. 4 includes PN despreaders
402a and 402b, decoders 404a and 404b, energy calculation modules 406a and 406b, a
delay module 408 and a combining node 410. Together, PN despreader 402a, decoder
404a, and energy calculation module 406a are within an early processing path 412.
Similarly, delay module 408, PN despreader 402b, decoder 404b, and energy calculation
module 406b are within a late processing path 414.

[0066] Processing paths 412 and 414 both receive baseband signal set 220. Like pilot



di scrimnator 316 in greater detail. However, it is inportant to note that
the present invention nay enploy other inplenmentations of tinme tracking

di scri m MaD®B/OIEE such as a tau-dither inplenmentation. Poa/usapdEnent ation
of FIG 4 includes PN despreaders 402a and 402b, decoders 404a and 404b,
energy cal cul ati on nodul es 406a and 406b, a delay nodule 408 and a

conbi ni ng node 410. Together, PN despreader 402a, decoder . 404a, 1antd ener gy
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above, deb@yatidl groddsdesofilqvisigntissingihalf chipotsedicr hipapatlpt SFH! prasaising a
one-hal f chip delay on signal set 220. By not inparting any tinme delay on
si gnal segth 3%90, path 412 processes pilot signals one-half chip "earlier"
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402a sends despread signal set 438 to decoder 404a. Decoder 404a decodes a
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codin ces an ea t sequence set 444, which
i ncl udes 48, HeropkAS Bilot(signat eonteined iMddpread sangluetd38 threughQhe decperiee 448.

[0070] Early baseband pil ot sequenc et 444 is sent tq_ener cajycul ation
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[0070] Early baseband pilot sequence set 444 is sent to energy calculation module 406a.
Energy calculation module 406a calculates the energy of sequence set 444, which is sent
to combining node 410 as an early energy signal 450. This calculation includes

performing a sum of squares calculation according to Equation (1), below.

E=P+0* Q)

In Equation (1), E represents early energy signal 450, I represents a value of in-phase
sequence 446, and Q represents a value of quadrature sequence 448.

[0071] In contrast to early processing path 412, processing path 414 includes delay
module 408, which imparts a one chip delay on signal set 220. Thus, path 414
processes pilot signals one-half chip "later" than pilot signal processing path 370. Delay
module 408 produces delayed signal set 420. Signal set 420 includes an in-phase (I)
sequence 422 and a quadrature (Q) sequence 424.

[0072] Signal set 420 is sent to PN despreader 402b. Like PN despreaders 304 and
402a, despreader 402b receives PN sequence set 320 from PN generator 302. PN
despreader 402b processes delayed signal set 420 with PN sequence set 320 to produce



In Equation (1), E represents early energy signal 450, | represents a val ue
of in-phase sequence 446, and Q represents a val ue of quadrature sequence
448. [00MD oBa79somt rast to early processing path 412, pro®esdisngjopat h 414

i ncl udes delay nodule 408, which inparts a one chip delay on signal set
220. Thus, path 414 processes pil ot 12 gnal s one-half chip "later" than

pil ot signal processing path 370. Delay nodule 408 produces del ayed signal
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Equat i onPf I'n Equation (2), E represents |ate energy
signal 452, 1 represents a value of 'in-phase sequence 434, and Q
represents a val ue of quadrature_se ug&:e A%G [ 0075] Energy signals 450
and 452 are conbi ned by conbini né— de2410% conbi ni ng node 410 perforns
this conbi ning by subtracting signal 452 from signal 450. This subtraction

produces gﬁ?ﬁlﬁ?ﬂéﬂ 223}} Bl reSicSHd 1280 Cnerthiisidhal 5% antepiesertts aevalueanikinAghaboop
filter . 607 | Earlty energy signal 450 represen the energy of a
non- del ayegheptd 434, shdjQakpresantpoiialie OHegdrawg SBYePRF SRjuence set 320. [0077]
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node 410 performs this combining by subtracting signal 452 from signal 450. This
subtraction produces discriminator signal 360, which is sent to time tracking loop filter
318.

[0076] Early energy signal 450 represents the energy of a non-delayed pilot signal
component despread by PN sequence set 320.

[0077] In contrast to early energy signal 450, late energy signal 452 represents the
energy of a delayed pilot signal component despread by PN sequence set 320.

[0078] By subtracting signal 452 from signal 450, combining node 410 measures a
difference in symbol energy between early and late pilot signals. Time tracking loop
filter 318 uses this difference, which is shown in FIG. 3 as discriminator signal 360, as a
discriminator to determine whether the synchronization of finger clock 319 needs to be
adjusted.

[0079] FIG. 5 is a block diagram of an implementation of time tracking loop filter 318.
Time tracking loop filter 318 includes a velocity to gain translation module 502, a filter
stage 504, and an overflow/underflow detection module 506. Filter stage 504 includes a
multiplication node 508, a summation node 510, and a feedback loop 512.

[0080] Time tracking loop filter 318 has an adjustable response time (also referred to



energy of a delayed pilot signal conponent despread by PN sequence set 320.
[0078] By subtracting signal 452 from signal 450, conbi ning node 410
measur es WO odiof45e6 ence i n synbol energy between early andPCatEsopo17os
signals. Tinme tracking loop filter ;’;1 8 uses this difference, which is
shown in FIG 3 as discrimnator signal 360, as a discrimnator to

det erm ne whet her the synchronization of fi ng%r, cl ock 31?ﬂ nfegs Sto be
adj ust echer§in079] treking peasd) athet odrRragieagEH o f2PHHY i M PaMe dt S8R 0™t i ne
tracking,l oop. filter Ti | idial 380, SA8 traakl ed

vel oci tydlf%“glgﬁiﬁ)rtsﬁ%{]ﬁzlj%toi %nhﬁaéé/%qégg%ng@??f er stage 504,ﬂgg§% an
over f | owphupdes! thewbiey ettiiar18uspiss sedbiludtidtions also ayecasest Time|tipgkiasa

ltiplicati de 508, mat i or de 510, d f eed | 512.
[0080]  Tione ¥endk AlgolMebp AR SHEH I R S FRUHOPET eSBBRLet e (al so
referr egv%n%gz%%%/ﬁ% Fa}??fg’%p%%/ 3¢ 1dBeasds sHRALE s Reckingapkédlg speed) that

char act Sits to "pass fluctuations in_ discrimnator signal 360
to m@gance/ r evaloditg antgainl traistptiah Bédule A82 treerd kasnyplenia eastinaiscsignid €427t he

ability of filter 318 to ss_such fl uc i ons. al $0...1.nGr i
t racki %gfromotﬁdoqim ?%‘@33%8%}- sUPﬂ%?Cglpgf&gaﬁtsh?@?al’v%eﬁ%cﬁﬂyggt ??nﬁ'?\%%ﬁtoﬁcki ng
speed. Nﬂ'l%ﬁh%ﬁ(?@}r&ﬂﬁ:es bangwidiah530. TheRadkife kiced of dafe tfackingrlo@iBlter

S0 do

i ncreases, S Its tracking speed. [0081] Vel oci t¥ﬁtq ain translation
modul e 5828 ieaciumetson of dwi vylueof igat sigaplgp). Arpording iR Wif SERLPDeE¥ mat or

212. Upon receipt .of this signal [ 0 gain translation nodule 502
pr oduces TaClgaE egpwé?as%'gagh%g%l§§(‘I)<?l%éa§%séed of time tracking loop filter

318 482p f UNCidaflsiBfial tshe i¥fbotigeeaibygainslatihg nelbcifRestimtocsigutil 342 veluehios

function, the tracking speed increases as gain sjgna i NCreases.

[ 0082] Gghin signgh320 walges thatsouetRoad t(b;)ﬂlfl?‘iﬁ%igaéﬁ?%g Sg@aL%‘?%z- 3“&& ‘(fﬁ% IEY si gnal
242 values to ain. si : 0RO tRinP sikhdlc3doato r anges
of signaf® 242 tr%f’f astl,onvlgp%%:lf 55;‘59 %@%ﬁ@%ﬁ%ﬁgﬁn nodul e 582 dynar(r)i call'y
adj usts bhgidakekinf paéds Bi guAnsB20 the veloati & WERCRDhg Blyectydamis

oY oves RO e GrEnES UGy Dnthd) PTG THED SR B TR o R
recei ved a%%%ﬂgfe@eiqgmguhﬁﬁ ﬁ{en%gg}at&hglg}enﬁ{eagématﬂfn pRigains kignall SBREs i S

descri be reater detall belowwith reference to FIGs. 8A-8C. [0083] An
i mpl enentdasdrived of greetendétaiy belowgeitnreferames|tafilen ol e 502 may include a

cor t0BRdndi mg AJarROETRAHos 2b TR0 S sl Rappiis SPg Ry A fes to
transl at il&ﬁm‘@%l@ (not shown) that maps ranges of velocity signal 242 values to
corresponding gain signal 520 values. Alternatively, velocity to gain translation module
502 may produce gain signal 520 by performing a mathematical calculation that uses
velocity estimate signal 242 as an argument.
[0084] Within filter stage 504, multiplication node 508 receives gain signal 520 and
multiplies it with signal 360, which is received from time tracking discriminator 316.
This multiplication produces an intermediate signal 522. Intermediate signal 522 is sent
to summation node 510. |
[0085] Summation node 510 sums intermediate signal 522 and a feedback signal 524
that is received from feedback loop 512. As a result, summation node 510 produces a
filtered signal 526. Filtered signal 526 is sent to overflow/underflow detection module
506 and feedback loop 512.
[0086] Feedback loop 512 includes a delay module 514 that incurs a one-symbol delay
on filtered signal 526. By incurring this delay, delay module 514 produces feedback

signal 524. As described above, feedback signal is sent to summation node 510.



502 may produce gain signal 520 by perform ng a nmathematical cal cul ation
that uses velocity estimte signal 242 as an argunent. [0084] Wthin
filter stwQa3®®s70 multiplication node 508 receives gain sipgraiSoy@01&and
multiplies it with signal 360, which_ is received fromtine tracking
discrimnator 316. This nultiplicat %n produces an internedi ate signal
522. Internedi ate signal 522 is sent _to_sunmation ?ﬁde 510. [%8%(1
SumoesTion nodavesflowsmdertiont deiesimamodslegAap pyocessisy ferdetiBid oY fhal 524

that is received from.feedb l 2. inchuEBdetpmimingde 510
pr oducessegerafe p @P&%{feé?fgn%?“%gé’;é‘ Q@Pﬁt% %’r egﬁgi ngc%IgS%g{ 615 sent to ¢

over f | owgpnslerhié Quiudelramitdred sigﬁﬁllﬂ% is 50iGhinndprededivsokd ragp. J130. honsge]
Feedback | oop 512 includes a

el ay nodul e 5 hat . i pcurs .a ,one- ol

del ay odetdctibn emedulsi 30fnlgenerates By GOREQY ﬂ&ﬁ‘@llg"ﬁ%sﬁ%lfg%?? e %@aggr%f:‘ﬁ?te) 514
produces feedback sj L ge of FR@kaAICk ol P26lisi S sent
to summedP 0%6%0%%.%% %ééb?g%?gﬁpicfe /b%%gél?cg%leso 14 [ 0087]
Over f | owjnde bt Hanprateahined ramgul e, SBEerpmovedesBew fdr anepwallay M98¥TS526 t o
generate advance/retard control sjgnal, 362. This pr i 9y S
det er mi nibery a ophiselnvgnal F62 \?’%\E‘Efé”r%?d %af ehanges Gegy gfﬁg%%%?@ é\;\ntgffr}ﬁ%?\ IC}a{)QE
predet er g eﬁn LARSSn. Whes QvetRMun @I RF lderRtioP dhddld 606 gereratitsr ancont r ol
signal 362t hat does’ not change the synchronization of fi nige#écl ock 319.

t

However , uiderfidie orahmeoveffldw,| fiier 404 igrraset 5p6 spiéing olitiypd sSigR to a
pr edet er mi ned range ﬁi .e., either an underflow or an overflow occurs),
then a cbﬁﬁﬁi‘?téllfmﬁ‘gﬁ%l €362 is generated that changes the synchronization of

f nfifts g ock skksticall). 24kl {108 of Mhesd egaslf $20vik nce fthawthd gratstarminedodul e
506 e§ cts either an underflow or an overflow, filter g]géé}ﬁ%gesoet by

setting fdnke.ex ednisilgngial $98 is shen sonesdedt taficRmdapds foeey @ %Fically,
if the value of filtered si I ) | I thewereedetrrvahyeed
range, aa‘i"@ﬁ?‘?c{)]?y %Pﬁﬁgﬁm@é‘ﬁg?@%ﬁgggééﬁgf %%e}géﬁaﬁlgﬁﬁ)co%m‘nds finger clock
319 to bgy padvarRGeEl 536 & Ipsciet erenpradterammadntange. ageontrohsigedlgeHs d1eng chi p) .

However, if the value of filtere jgna] 526 is.,less t .
pr edet er gemeeated Hrigeommangs Einger @Péﬁgﬁ% F‘:stajidﬁé £y agglﬁzg?%ltq%lh&? AR, mrands
finger clock 319 %t%#%%)arded by a predeterm ned anount (e.g., ~

& ip).

one- ei gh{$hEofISS! ocity Responsive Tine Tracking [0089] As
descri bed above, the tracking speed of tine tracking loop filter 318 is

Velocity Responsive Time Tracking

[0089] As described above, the tracking speed of time tracking loop filter 318 is
dynamically adjusted in response to the velocity of WCD 106. More particularly,
velocity to gain translation module 502 adjusts the tracking speed of time tracking loop
filter 318 to match the peak rate of fluctuations in signals received over channels 114
and 116. This matching feature enables finger clock 319 to be optimally synchronized.
This optimal synchronization maximizes the SNR of pilot sequence set 344.

[0090] Velocity responsive time tracking advantageously provides optimal
synchronization for demodulation finger(s) 208 that are demodulating "fat paths.” A fat
path is a multipath signal component having a plurality of multipath signal
subcomponents that are separated in time by less than approximately 1.5 chips.

[0091] For a finger 208 demodulating a fat path, the optimal synchronization of its
finger clock 319 depends on the amplitude and phase of each of the fat path
subcomponents. An example of this dependence is illustrated by two fat path scenarios.
In the first scenario, a finger 208 is tracking a signal component having two

subcomponents that are equal in amplitude and in-phase with each other. In this



dynam cally adjusted in response to the velocity of WCD 106. More
particularly, velocity to gain translation nodule 502 adjusts the tracking
speed of wpmg/otssacking loop filter 318 to match t he peak PCatuso»67718
fluctuations in signals received over _channels 114 and 116. This matching
feature enables finger clock 319 to e optimally synchronized. This

opti mal synchroni zati on nmaxi m zes the SNR of pilot sequence set.344. [0090]
Vel oci t ysceesipotisirespettivedingeackrk g1 4 tivars s gpbmally wam%g rsEiiwd the

synchroni zat|? for denodul atti on finger(s) 208 that are denodul ating "fat
pat hs. " S&NRET GAVA SPEOMANIFR Fpat h si gnal conponent having a plurality of

mul [E)b%t h si giahe sBHE 9IRS Bnddr @08 as Backémpa sigral domponen that alsesiEst han
approximately 1.5 chips. [0091] For a finger 208 denodul ati nlgnga f.at path,
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proportional to the vel ocity of . enodul ation finger 208
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Additional ly, for fat path scenarjos, the optinal th’ ng][ égé ﬁ%«%nc% 1,of
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can [(lﬂf'gs?aused Decreasing the tracking speed of time tracking loop filter 318 reduces the
amount of jitter in control signal 362. However, an excessive reduction to this tracking
speed will prevent legitimate variations from passing to control signal 362. Legitimate
variations are variations in discriminator signal 360 that indicate a legitimate need for an
adjustment to finger clock 319.

[0096] Accordingly, the present invention provides a technique that prevents excessive
jitter from appearing in control signal 362. This technique also prevents the preclusion
of legitimate variations from appearing in control signal 362.

[0097] As described above, for fat path scenarios, the optimal timing reference of finger
clock 319 varies at a rate that is proportional to the velocity of WCD 106. Because of
this relationship, for a particular tracking speed (i.e., a particular value of gain signal
520), time tracking loop filter 318 provides optimal synchronization across a
corresponding velocity range that is defined by a lower velocity threshold, Vi, and an
upper velocity threshold, Vu.

[0098] When the velocity of WCD 106 exceeds Vy, time tracking loop filter 318 is not



by system noi se, as well as spurious occurrences associated wi th channel s
114 and 116. [0095] Decreasing the tracking speed of tinme tracking |oop
filter 31orieduses t he amount of jitter in control signalPC3AR03/BONEVEr, an
excessive reduction to this tracking,_speed will prevent legitimte
variations frompassing to control |18nal 362. Legitimate variations are
variations in discrimnator signal 360 that indi g(?te a leqgiti matethneed for
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106 exceeds Vu, 592! RABWCE108 Efithgedd vAGLiOZ/ TRRSTD is
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tracking | MBED GichY60l angyadomrisansdredsimn  nodul e
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step 604 may comprise changing the tracking speed from a f1rst speed to a second speed
when the estimated velocity surpasses a velocity threshold, Vy. This second speed may
be either greater than or less than the first speed.

[0103] In a step 606, a timing error signal, such as discriminator signal 360, is filtered
by time tracking loop filter 318. This filtering produces a control signal that controls
the timing of a synchronization clock, such as finger clock 319.

[0104] Steps 602 through 606 may be performed at periodically occurring time
increments. Thus, in a step 608, WCD 106 waits a tracking speed adjustment interval
before returning operation to step 602.

[0105] FIG. 7 is a flowchart illustrating stép 604 in greater detail. This performance
begins with a step 702, where velocity to gain translation module 502 maps the velocity
estimated in step 602 to a velocity range.

[0106] Next, in a step 704, velocity to gain translation module 502 selects a value for
gain signal 520 that correlates the velocity range to the tracking speed of time tracking

loop filter 318. Velocity to gain translation module 502 may store these velocity ranges



speed according to different strategies. For instance, step 604 may
conprise increasing the tracking speed as the estimted velocity
i ncreaseswo®BnTdsar | y, step 604 nay conprise decreasing treTtusapkimgy speed
as the estimated velocity decreases. }J(ybr eover, step 604 may conprise
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changi ng the tracking speed froma f t speed to a second speed when the
estimated vel ocity surpasses a velocit

_ y threshold, \u..Thi and. speed
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are charts that. provi,de exenplary mappi ngs between velocity ranges and
gain si gfapP Vv 96“3(/%3?% 5. Each of these mappings provides a range of gain
Si gRAbYP20 VaTHas ckbablabediapsingd mbé omplemented blyadiekup table in HIPEHSEs to a
KT Tor velocities greater than or ,equal to a vel qci £ tignhﬁlgaﬁglsgzm . [0108]
FIG 8A pdihtstslaiensmadylp 502, APFRWYEISIFIQHY O SFOREE TN Shbr oxi mat ed

| i near at.ter et . 76, i tdgon8B i1l ustrates a second
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mappi ng cave up non-linear pattern between zero
velocity and VI. FIG 8C illustrates a third mapping 830 that provides a

concave down non-linear pattern between zero velocity and VT.
Velocity Estimator

[0110] As described above with reference to FIGs. 2 and 3, velocity estimator 212
receives control signal 244 from AGC module 206 and baseband pilot sequence set 338
from one of demodulation fingers 208. From these inputs, velocity estimator 212
generates velocity estimate signal 242, which is sent to demodulation fingers 208 to
provide velocity-responsive time tracking.

[0111] Velocity estimator 212 utilizes fading characteristics of multipath transmissions
to estimate the velocity of WCD 106. As described above, the physical terrain and
structure surrounding WCD 106 create multiple signal paths from the base station 102
to WCD 106. Each multipath component can be modeled as a composite signal having
a slow fade component and a fast fade component.

[0112] FIG. 9A provides an example of such a com‘posite signal received by WCD 106.
This signal exhibits a variation in time of the received signal power due to slow fade
and fast fade components, is shown in FIG. 9A. The corresponding slow fade

component of the composite received signal is shown in FIG. 9B. The corresponding



[ 0109] These exenpl ary mappi ngs nmay be inplenented by a | ookup table in
velocity to gain translation nodule 502. Alternatively, velocity to gain
transl at iwo ogphsre 502 may i npl enment these mappi ngs thr org/tsosren7inemat i cal
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for (yelsci ty @sidenmtiooity edfiyhator 212 estimates the power of a single multipath
component, it processes a baseband pilot sequence set 338 from one of demodulation
fingers 208, which represents an isolated multipath pilot signal.

[0116] Since AGC module 206 maintains signal set 220 at a substantially constant
power level, it essentially eliminates information that is needed for velocity estimator
212 to estimate the power of a multipath component, as received through antenna
segment 202. Therefore, to measure the power of an isolated multipath component, the
gain adjustments performed by AGC module 206 must be removed.

[0117] The gain adjustment effects of AGC module 206 are removed by a scaling
feature that adjusts amplified signals by the inverse of the gain controlled by AGC
module 206. FIG. 10 is a block diagram illustrating an implementation of AGC module
206 that provides such a scaling feature.

[0118] FIG. 10 shows a power estimator 1002, a summation node 1004, a lowpass filter
1006, a digital to analog converter (DAC) 1008, an inverting node 1010, and a log to
linear converter 1012. Together, inverting node 1010, and log to linear converter 1012
are included in a scaling module 1014.

[0119] Power estimator 1002 receives baseband signal set 220 (i.e., signal components
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filter 1?1%?1’11 ‘u\)l\/(i]rllV%Ptinpgr1(1)oddléC1eOSlOfsl Igllvgllti%glnode 1010 is shown as a multiplier having a

multiplication factor of -1. However, other suitable implementations may be employed.
Inveﬁing node 1010 generates an inverted control signal 1028, which is sent to log to
linear converter 1012. Log to linear converter 1024 operates according to a transfer
function. This transfer function is the inverse of the function that defines the
relationship between gain control signal 240 values and amplification gain of RF front
end 204. As a result of this transfer function, log to linear converter 1024 produces
voltage estimate 244, which is an estimate of the component signal’s voltage, as
received through antenna segment 202.

[0122] Scaling module 1014 provides sufficient signal processing to allow an accurate
determination of the level crossing rate when the SNR of a received signal is high. This
is because noise components in the received signal are insignificant in relation to the
received signal power and thus do not adversely contribute to the determination of the
Jevel crossing rate. However, when noise components represent a significant
contribution to the total power of a received signal, the noise components adversely

contribute to the determination of the level crossing rate when a single threshold is used.
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pilot signal’s power to traverse a level crossing threshold value many times. In
contrast, when a pilot signal is received in a noise free system, its power traverses a
level crossing threshold value only once.

[0128] In order to decrease the effect of a pilot signal’s SNR on its level crossing rate,
velocity estimator 212 employs level crossing hysteresis. This hysteresis feature
employs a high threshold and a low threshold. According to this feature, a signal's
amplitude is not considered to cross the employed threshold level unless it starts below
the lower hysteresis threshold (which is set N dB lower than the employed threshold
level) and then crosses the upper hysteresis threshold (which is set M dB higher than the
employed threshold level), or vice versa.

[0129] For a particular signal, the threshold level that results in a maximum number of
level crossings is one half of the signal’s RMS signal power. However, any level
relative to the RMS power level may be used. In an exemplary implementation, M and
N are each set to 3 dB. However, these values may differ.

[0130] Therefore, the hysteresis feature employed by velocity estimator 212 prevents
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that are | ess thanle¢®l€kdssoigCofmtortgetti ng considered in |level crossing rate
conputations.}The | evel hysteresis algorithmenployed by velocity
estimator 212 can pgeByRIFessed by the following pseudocode. In this
pseudocode, s?}n) represents the synbol anplitude at a tinme n, TH
represents a high hysteresis threshold |evel, and TL represents a |l ow
hysteresis threshold level. [0131]. if (s(n) < TL) { if (thresholdFlag = =

0 %013}2]6\/eI o lgfé ﬂglcs:oaugr%p hdwmg an application of the level hysteresis algorithm to a
multipath 1110 over time in a noisy environment. Ordinarily, fast fading produces
signals, such as the one shown in FIG. 9C. However, contributions from noise
components result in a noisy estimate of the multipath signal. This high hysteresis
threshold is denoted as Ty and the lower hysteresis threshold is denoted as To. The
predetermined threshold level to determine level crossings (not shown) is at a power
level that is between hysteresis thresholds Ty and Tr. When the hysteresis algorithm is
applied to this noisy signal estimate, level crossings are considered to occur only at
points denoted in FIG. 11 by "X".

[0133] FIG. 12 is a block diagram illustrating a first implementation of velocity
estimator 212, which employs the hysteresis algorithm described above. This
implementation includes multiplication nodes 1202a and 1202b, a lowpass filter 1204, a
power calculation module 1206, a symbol queue 1208, an RMS power calculation
module 1210, a threshold computation module 1212, a counter 1214, and a lookup table
1216.

[0134] A voltage estimate 244 is received from AGC module 206 at multiplication
nodes 1202a and 1202b. At these nodes, voltage estimate 244 is multiplied with a

corresponding sequence within baseband pilot sequence set 338.
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power calculation module 1210.

[0138] RMS power calculation module 1210 calculates a RMS power sequence 1238
using a predetermined number of consecutive values of energy sequence 1237. The
RMS power sequence value is sent to threshold computation module 1212. Threshold
computation module 1212 uses the predetermined hysteresis values (M and N) as
described above to calculate upper and lower level crossing thresholds 1240 and 1242.
These thresholds are coupled to a level crossing counter 1214.

[0139] Queue 1208 is a first-in-first-out (FIFO) buffer. Queue 1208 has a depth that
corresponds to the number of symbols used in the running calculations performed by
RMS power calculation module 1210. Thus, symbol queue 1208 delays energy
sequence 1237 and sends a delayed energy sequence 1244 to counter 1214.

[0140] Counter 1214 counts the number of level crossings of energy sequence 1244
using thresholds 1240 and 1242 to provide hysteresis in the counting. In performing
such counting, counter 1214 outputs a count 1246, which is sent to lookup table 1216.

[0141] Lookup table 1216 maps the number of level crossings (as indicated by count
1246) that occur in a given period of time to an estimated velocity. The velocity
estimate is output as velocity estimate 242. Alternatively, velocity estimator 212 may
be implemented without lookup table 1216. In such implementations, count 1246 is
used directly as a velocity estimate.

[0142] A second implementation of velocity estimator 212 is shown in FIG. 13. This

implementation is similar to the implementation shown in FIG. 12. In fact, both
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velocity estimate. [0142] A second inpl enmentation [oF i st or 212
i s HH46h i n FNgrmalged ppquence W%Wéﬁ?g{gi OHES ?ﬁ m“fhgéh {@nﬁlﬂgé i){lurrp%gﬂrr(g?\t ation

shown | n LG 12hed B [@fbncdPidh, VEIAGT SRR, BETIrSBALARIAS of 230. 12,
ns

i npl emenl4t are the sanme fromthe reception of.voltg@g}tg estimate. 244 to
the genamatd esunedr ENdrgyeissquening MEBTesisBurshelds; imdesBRIFCTHHent at i on

calcul at %%G. 13, counter 1214 receives hysteresis thresholds that remain constant. These

constant thresholds are shown in FIG. 13 as high threshold 1324 and low threshold
1326. This implementation may employ constant hysteresis values because sequence
1322 is normalized by a value proportional to RMS power sequence 1238.

[0146] Counter 1214 outputs a count 1328, which is sent to lookup table 1216 to
determine velocity estimate 242. In the second implementation, as in the first
implementation, lookup table 1216 is optional. Thus, count 1328 may be used directly,

or velocity estimate 242 may be calculated from it.

Conclusion

[0147] While various embodiments of the present invention have been described above,
it should be understood that they have been presented by way of example only, and not
limitation. Thus, the breadth and scope of the /present invention should not be limited
by any of the above-described exemplary embodiments, but should be defined only in

accordance with the following claims and their equivalents.
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det erm ne vel ocitngsti r}ate 242. In the second inplenmentation, as in the
first itepn eneAeEPdWH O gERlp tabl e 1216 is optional . Thus, counr'iimli328 may
be direc iseOF: CitkYingféhembteond4d melycibe estahaot 412 diekerdredi t .
Con‘lcﬁﬁgg on [%11(4%steVV?}t¥(ngeatrtli Otﬂlgﬁerrb,odi ment s of,?ﬁe resent inv ntti on have
been desadvbegerditimy evelodity sHEDAEPIHEISING V6 IO AT Pe ‘E?E%Ch Y
presented by way,of exanple only,.: W i . WS thetdegioBiceadt h
and scop€t at?rh%np?‘é‘%é)ﬁ ' \?‘é%%@(’t)lrr{?agiﬁ%g " lﬁ)?ﬁ%ieﬁ{le?%ntsg%m gé a%b? of the
above- degghibesh 6xaEREAEYs BoRRG ustny the ghbbl hisiohthgsystdef (GRSI- only in

accordance wwth the follow ng clains _and their i val ent s. 79570
PCTI0ISDB/ 07718 Iszimplewgptations Qffype,iaekin leBP g‘h}S’(xifwd@%% N @g@%@@{ (gfes

signal apfl SYIROL SRl Sl %ggg?(ath ReccPRR 8GRl AGviAL UralRammAnpaids oThese

sets are ated W modul at i on.
the velocity of WCD 106.
[0152] Furthermore, the techniques of the present invention may be employed in other

communications environments that do not involve 1S-95 or CDMA.



However, the present invention may enploy other types of signal sets that
are associated with other nodul ati on techni ques. These sets nmay include
any nunmbewowB/o7aseirponent s. For exanpl e, such sets may be 2€TASOHEOBTAE Wit h
bi nary phase shift keying (BPSK) ang:include only a single conponent.
[0149] Furthernore, the invention is"hot limted to velocity estimation
techni ques that receive information froma single denodulation finger. In

fact, tRepACECCILAIMEDISON includes techniques that estinate velocity
based on information received fromnore than one dempdul ation fi nger.

0150] Lik Ith h I I [ 212
dosor bed  above per f o nPGReRer PP SUTE NP BN oaisl APk Y oF Aninae o

meas ? " eNBlfee M %Qg hdl Yecefrell batypirel &b Zofyurderibog mvsmao(W €B)icentpriemet hr ough
ot her nméans, suc s the periodic nonitoring of the device's |ocation

usi ng t hiee gépshfﬂ positioning system (GPS). [0151] Al so, inplenentations of

time tracking loop filter 318 b.lrallty of filter paths,
wher & each filter path SPURRTRA Xe({e Ogﬁigf:ﬁlgeﬁg havi ng a val ue that depends

on the velocity of V\Claegw&nm[@é,&a&hﬁgwﬁdeéroﬁafmﬁr theetrackotgripeetes of t he
present invention may be enployed in other comunications environnments
t hat 6do cooespondolgite theSstimatse v Y; 4 03/ 079570 PCT/ US03/ 07718 25 WHAT IS

CEANVED IS A et hodﬁl&u{ﬁn aQMhﬂg%ﬁoY ﬁ&gﬁ;ﬁ'v@ﬁh {he $ieN& ptediceacionttgl of a
timng 2 reference in eived by a w rel ess communi cati ons devi ce

(WCDg, el uﬁata&moushmeampgofodsymmmanam Flegkt he vel ocity of the WCD;
determ ning a tracking speed of a filter, the tracking speed 6
corresponding to the estinmated velocity; and filtering a timng error

signal with the fijter ’flférﬁétﬁ%'%?cl@nﬁ@n&/h@ljem Bidsdegaralininpatep comprisdss t he
timng of a synchronization clock . The nmethod of claim1, wherein said

det erpi rhmagaghgmeamhmlgsp@edaZthm@aﬁ@m%‘@lQWé/ iperg@e-ng speed as .t he
estimated velocity increases. 3. The nethod of claim2, wherein said
increasing step conprises 2 increasing the filter bandwi dt h. 4. The nethod
of claim 1, whereig saighdgb@bioichgn 9 epeconid mewasing step comprises

2 increasing the filter bandwidth.

4. The method of claim 1, wherein said determining step comprises

2 decreasing the tracking speed as the estimated velocity decreases.

5. The method of claim 4, wherein said decreasing step comprises

2 decreasing the bandwidth of the filter bandwidth.

6. The method of claim 1, wherein said determining step comprises

2 the steps of:

mapping the estimated velocity to a velocity range; and

4 selecting a speed that corresponds to the velocity range as the

tracking speed.

7. The method of claim 1, wherein said determining step comprises

2 the step of:
changing the tracking speed from a first speed to a second speed

4  when the estimated velocity surpasses a velocity threshold, Vy.



2 decreasing the tracking speed as the estimated velocity decreases. 5. The
nmet hod of claim4, wherein said decreasing step conprises 2 decreasing the
bandw dt hwofo3ptes7di | t er bandwi dth. 6. The net hod of cl ai mpCI/ush&oTIH said
determ ning step conprises 2 the stgps of: mapping the estinmated velocity
to a velocity range; and 4 sel ecting speed that corresponds to the

vel ocity range as the tracking speed. 7. The nmethod of,cl ai wherei n
sai d deternining $tep %mthgof@al{fh% veieg ngtfetseﬁ?fﬁsé’leﬁ%lsﬁ%éeﬂ%rgtg%ki ng speed
froma first speed to a second speed 4 when the estimated velocity

sy g

sur p%ssé ity threshold, Vu. WO 03/079570 PCT/US03/07718 26 8. The
nmet hod of claim 7, wherein the second speed is greater than 2 the first

speed. 9. The nethod of claim1, wherein said deternni >Qaprises 2

the step of: chandl-ng tHe f@qx]&%?frféalgbﬁevghqr?ll}ﬁ?@ #&F@r{}é%%g%&@gp%&second

spee% z% V\,h[en {,_he estimated velocity is less than a velocity threshold, VL.
he Rt

10. ‘of claim9, wherein the second ars}fpeed is less than 4he 2
first speed. 11. The nehhogngthedtamkimgbpesdsemiariirstapaediors PN EYeEt ep

conprises 2 the step of neasuring a |evel. cr iyng rate of a multipath

si gndl . viiEn ﬂFﬁéSt%QtPfgtﬂdB@Ptyc‘F anﬂ?% qucétgﬁhlféﬁlgﬁg’y‘r@r(':hr oni zation clock is a

2 finger clock that controls the timng of a pseudonoi se (PN) sequence
generator configured for despreading a pilot synbol sequence. 13. A system
for providing vel ot.ty Tlﬁ’srpdhgﬂo‘édﬂmek‘fvg‘ife’é‘fth%s?qo?ﬁl siped 15 epLPands i n a
signal receiveqd by a wirel ess communications device (WCD), conprising: a
vel oézityflrégﬁ'tﬂe tor that estimates the velocity of the WCD;, and 4 a filter
having a tracking speed that corresponds to the estimated velocity, wherein
said filter filters a timng error _signal to produce .a control .signal that
6 controls the tinlhg ofhemsiind Rf 6Y31% &1 WOFCH) %&‘%S%matmg SR cbiiprisés

2 the step of measuring a level crossing rate of a multipath signal.

12.  The method of claim 1, wherein the synchronization clockis a
2 finger clock that controls the timing of a pseudonoise (PN) sequence generator

configured for despreading a pilot symbol sequence.

13. A system for providing velocity responsive tracking of a timing

reference in a signal received by a wireless communications device (WCD), comprising:

[\

a velocity estimator that estimates the velocity of the WCD; and
4 a filter having a tracking speed that corresponds to the estimated
velocity, wherein said filter filters a timing error signal to produce a control signal that

6  controls the timing of a synchronization clock.

14.  The system of claim 13, wherein said filter increases the tracking

2 speed as the estimated velocity increases.

15.  The system of claim 13, wherein said filter decreases the tracking

2 speed as the estimated velocity decreases.

A

16.  The system of claim 13, wherein said filter maps the estimated

2 velocity to a velocity range, and selects a speed that corresponds to the velocity range as



14. The system of claim 13, wherein said filter increases the tracking 2
speed as the estimated velocity increases. 15. The system of claim 13,
wher ei n swDd30745r@r decreases the tracking 2 speed as thecegatSosrer7es

vel ocity decreases. 16. The system o% claim13, wherein said filter maps
the estimated 2 velocity to a vel oci Z/ range, and sel ects a speed that
corresponds to the velocity range as WO 03/079570 PCT/ US03/07718 27 the

t r acki nghespsdihg spéed.The system of claim 13, wherein said filter changes the
tracking 2 speed froma first speed to a second speed when the estimted
vel ocity surpasses a velocity threshold, Vu. 18. The system of claim17,
wher ei n” t he secondppeerhd ssstgmadicbimtIBawhei@irt sad filtershangrsdlp trackingrhe syst em

of claim 13, wherein said filter changes the.trafcikipog. 21%95%? afroma first
speed t apeedsizamrditspepeed Wreseconibsneed WheR Bi§ SFEMBIA G OFLY FERE  han a
velocity ﬁhr.eshol dl \{I/_ 20. The system of claim 19, wherein the second
speed | orelQedty thigshe hd 2 first speed. 21. The systemof claim 13, wherein
said velocity estimator nmeasures 2 a level crossing rate of a nmultipath

signal to produce said velocity est.i e. 22. The f iBnl 3,

wherein the synchrbhi zaTIPWS‘@Fb‘&fI@?‘?IEFE}’ Wé‘eﬁ"hajgrse%(f%égbgﬁglgr%gﬁt rols the

tim r}g o) seu%onoi se (PN) sequence generator configured for despreading
t ! ﬁﬁ’ﬁ% :

a pilo ISp%eequence. 23. Atinme tracking loop filter that filters a

timng error signal to 2 produce a control signal for controlling the

timng of a synchronizatjon clock_.i.n ] JapaBtal L ifevi ce
(V\ED),g conpri gi ng: 1% a &é? W@f%o{%m&hﬁn %egeg}sl?%?if@% nodgig%ﬂ]%%g?ﬂ?%cei ves an

estinnte eeaﬁjoﬁf:é%ﬁ’st celi 82 YWebna 8pke ity clesesingaddvedoagiyas lesheandor r esponds
to the estinmated velocity; and a filter stage having a tracking speed

t hat is ddbatynthrestoldyVi.he 8 val ue of the gain signal, wherein the tracking
speed determ nes the extent that fluctuations in the input signal are
passed to the control signal. )

20. The system of claim 19, wherein the second speed is less than the

2 first speed.

21. The system of claim 13, wherein said velocity estimator measures

2 alevel crossing rate of a multipath signal to produce said velocity estimate.

22. The system of claim 13, wherein the synchronization clockis a
2 finger clock that controls the timing of a pseudonoise (PN) sequence generator

configured for despreading a pilot symbol sequence.

23. A time tracking loop filter that filters a timing error signal to
2 produce a control signal for controlling the timing of a synchronization clockin a

wireless communications device (WCD), comprising:

4 a velocity to gain translation module that receives an estimated

velocity of the WCD and produces a gain signal that corresponds to the estimated

6  velocity; and
a filter stage having a tracking speed that is determined by the

8  value of the gain signal, wherein the tracking speed determines the extent that

fluctuations in the input signal are passed to the control signal.



WO 03/ 079570 PCT/ US03/07718 28 24. A systemfor providing velocity
responsive tracking of a timng 2 reference in a signal received by a

wi r el ess wormmriseat i ons device (WCD), conprising: means PoT/uses/01mad i ng t he
velocity of the WCD; 4 means for det%m' ning a tracking speed of a filter,
the tracking speed corresponding to"the estimated velocity; and 6 neans

for filtering atimng error signal with the filter to, pr : control
signal that contr@¥s tHesysiem i PEVidingy ﬁ]rtY)mSE%ﬂsfv(‘?ﬁraf}(%g%?gglgl.unghe system

of claim24, wherein i M- RG ABRRScaf ﬁ@ﬂga,ﬁdeqwcm&bmpﬁeﬂng:
i ncréasir Grepﬁeemtar%%I&E}l?lég%eglgg%%a\@? % est | ma_taeg vel ocity increases. 26. The
system of clai m 25, whern@nnfeasitmbtic hayelogityebits WeRpri ses 2 means for

increasing the filter bandwi dth, 27. Th st em_of Al rein said
flﬁt eit’rm't ni ntg (rjreans 2 cor?g?ai%&r#@%ﬁ%?iﬁ%ﬁ?%ﬁ%ﬁeﬁgffh@?ﬁ%ﬁgﬁ%}%peeq as y

e estimated v &3t vel : system of cl aim 27, erein sai
decreasisﬂﬁedr%%gg@%(ﬁ:&cﬁﬁg b s RaRa vo 4

rises neans fofr .decreas_‘iggg t he bandw dth, of the
filtgr bandwidth. 29. Theansyatfdtoriog adimingepar sighd Maihihe SEr QUi ng

means 2 conprises: neans .for nappi th I velocity to a velocity
range; drfontra! sigaa shat gpnteals tt’in?fggé?{]gﬁ necgrﬁ%a{nggtglr%?lésponds to the velocity
range as the tracking speed. 30. The system of claim 24, wherein said

determ ning neans 2 conprises: neans for changi H%’Ft he. tracki ng speed from

a first speed to a5.4 sBuowstenpefadpinmdh MhREbetd ARPPY S BAE Yy sur passes a
velocity threshold, Vu. 31.. The li8d Ri3GtedM6&iyintBes.eCONd’
speed i CogESERRCRRFLQr nsTAHAL |ert§%é§}s“§e@2§%d% 03/ 079570 PCT/ US03/ 07718 29
32. The system of claim 24, wherein said determ ning means 2 conpri ses:

neans for changi ng26t. he r}‘lrleascylé‘:e?rgofscqgrend%{ , rW %}e?n fszliigl ?rgcresars)len dméa?ls @omprises

2 means for increasing the filter bandwidth.

27.  The system of claim 24, wherein said determining means

2 comprises means for decreasing the tracking speed as the estimated velocity decreases.

28.  The system of claim 27, wherein said decreasing means

2 comprises means for decreasing the bandwidth of the filter bandwidth.

29.  The system of claim 24, wherein said determining means

2 comprises:

means for mapping the estimated velocity to a velocity range; and

4 means for selecting a speed that corresponds to the velocity range

as the tracking speed.

30.  The system of claim 24, wherein said determining means

2 comprises:
means for changing the tracking speed from a first speed to a

4  second speed when the estimated velocity surpasses a velocity threshold, Vu.

31. The system of claim 30, wherein the second speed is greater than

2 the first speed.



4 second speed when the estimated velocity is |less than a vel oci

threshold, VL. 33. The system of claim 32, wherein the second spfagd is less
than the wo oBiorasto speed. 34. The system of claim 24, wher eCn/usab/r718
estimating means 2 conprises nmeans ? r measuring a | evel crossing rate of
a nmultipath signal. 35. The systemof " claim 24, wherein the synchronizati-on

clock is a 2 finger clock that controls, the tim of. a i
: . : d
sequence gener at or32. confreguster o & lﬁ%pwgﬁr&f%ﬁllgd%\g?%?l%ﬁrﬁs)&g? gggh:ﬁc(e!DN)
2 comprises:
means for changing the tracking speed from a first speed to a

4  second speed when the estimated velocity is less than a velocity threshold, V..

33.  The system of claim 32, wherein the second speed is less than the

2 first speed.

34. The system of claim 24, wherein said estimating means

2 . comprises means for measuring a level crossing rate of a multipath signal.

35. The system of claim 24, wherein the synchronization clock is a
2 finger clock that controls the timing of a pseudonoise (PN) sequence generator

configured for despreading a pilot symbol sequence.



