WD 03/ 036813 PCT/ US02/ 33868 0002/6 1 VELOCI TY RESPONSI VE FI LTERI NG FOR

PI LOT SI GNAL RECEPTI ON BACKGROUND OF THE | NVENTION Field of the Invention
[ 0001] Thwopsesems | nvention relates generally to w rel es®caarsowsiseat i ons
devi ces. KY€ specifically, the present invention relates to adaptive
filtering techniques for use in nobile” comunications environnents.

Rel ated Art [0002] Mbbile communi cations devi ces, such as wirel ess phones,
are often enERAATHRESRONSIVE HIETERMNG FQId PHOBISAENMABECRRT I@Navel at
relatively high velocities. For exanple, nobile conmunications devices are
often used in autonobiles, trains, and airplanes that travel at speeds as
fast as several hundred kil onmeters per hour. [0003] In wreless

comuni cati ons envi r onmengaCKEREURAD DrerE MY ENTIONs occur in  signals
transmtted between a transmtter and a receiver when the transmtter and
the receiver have a relative velocity with respect to each other. This

rel ati ve ¥elldofthyioeutdes signals, fromthe perspective of the receiver, to
have frequencies that are shifted fromthe frequencies transmtted by the
transmtter. Wen the relative velocity is an approaching velocity, these
freql@¥dy shi f The present pwantion tetaigsasneralipionvirdlesscemmunieations dryices: areg

depar t i ng ¥elReil Yne $R&SEidVEREMEREYesIOhddpivatiReHIBYRHi fues FRAR4 I il

conponents I n wTeless conmuni cati ons devices, such as filters, are

conf i gur e QONBIUAKCRRIPEIEIGHAPESWi t hin a particul ar frequency range.
Unfortunately, Doppler frequency shifts can place such signals outside of
t hese coni{iggdltlre frequency ranges. This condition can |ead to degraded
per f or mance. 5] For exanple, in wireless comruni cati ons systens that
operate according to code division nultiple access (CDVA) standards, such

as | ﬁ(ﬁéf‘ and h &9 %o:&ﬁrﬁfn%a&i?ﬂs Q08T s%igﬂ as Afreless gﬁon%)!,sér@ BRn efpBHA B known

as pilot signals are transmtted from base stations to . nobile devices.
These pi | sehigleyprotherynebilcplatomsigatimychaaelativey dighvalecitioss Fop pramplet hese
nmobi | e devidbas cbBmiaiative dvites arshttnalsed tf aftdh6bisdsgrahs, aahfrylang that

i nformation such a%%d%%ﬁ and %8%%§i %ﬁt are alip transmtted by the base
station. [BHVE] SPEPIRA TRHSS &°YHE 'eé PRCRISPLUW: as tinming and phase

ref e[@O3s, th&i wiklgsabrmoenications eneitonmenBNRYopplerefedugney Flabs oceurdiavi ce' s
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receiver have a relative velocity with respect to each other. This relative velocity causes

signals, from the perspective of the receiver, to have frequencies that are shifted from the
frequencies transmitted by the transmitter. When the relative velocity is an approaching
velocity, these frequency shifts are upward. However, when the relative velocity is a
departing velocity, these frequency shifts are downward.

[0004] Many components in wireless communications devices, such as filters, are
configured to receive signals within a particular frequency range. Unfortunately, Doppler
frequency shifts can place such signals outside of these configured frequency ranges. This
condition can lead to degraded performance.

[0005] For example, in wireless communications systems that operate according to code
division multiple access (CDMA) standards, such as IS-95A and IS-95B (referred to herein
as IS-95 systems), signals known as pilot signals are transmitted from base stations to
mobile devices. These pilot signals provide timing and phase references that enable these
mobile devices to receive and demodulate traffic signals carrying information such as data
and voice that are also transmitted by the base station.

[0006] Since these pilot signals are used as timing and phase references, their signal-to-
noise ratio (SNR) directly affects a device's ability to receive and demodulate traffic

signals.



2 [0007] Wreless communi cations devices typically filter pilot signals
with a pilot filter having a fixed bandw dth. Because nobile

conmmuni cawD@a®3@nyi ronnents often invol ve Doppl er frequemcy/ush?/51868
portions 81”8 received pilot signal's spectrumcan fall outside of the
pilot filter's fixed bandwi dth. This cguses di stortions that reduce the
pilot signal's SNR [0008] On the othef hand, if the pilot filter's fixed
bandwi dth is suffl ciently lLarge to accommdat e such Do pler frequency
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filter banvvr device in response to the est ocity, so
that the P‘rlﬂrsk%‘ér]étsflglﬁ of noi se and distortion to the srgnal is mtigated.
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velocity ingre creasing it _as.t el ocit

Such ad] ULt IREREE g pafiner tﬂ%&&s ftes DeRpSH qﬂF’i‘.ﬁV TFaftsetisipt o
predeternSNBo‘ecbatldmndplﬂnistgmats each correspond to a partr cul ar velocity
range, and setting the filter bandwidth to the predeterm ned bandw dth
that corresponds to the estinmated vel ocit 012 The device's velocity is
estimated by measuring a | §W¥QFnBE§N Itipath signal.
Alternatively, this velocity nmay be estinmated through the periodic

noni ing of fhe devi.ce oca ion.th roug se ces such as the gl obal
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[0015] Fldad decksidgbltosk tigh a;gfrﬁz[’fb@fvle%%ﬁt?)@mga@ésy]c fm@h|a‘%l1€sﬁfféﬂﬂé1'n9@1 bQ”Sf

enwronrrent is an illust n of.a.rec ortion of a

wirel ess €8 M?‘S‘i%ﬁoﬁlﬁd@\?v@s@ £ 4O EHD %5@’?71%62]73@ E‘;‘g s that each
correspond to a particular velocity range, and setting the filter bandwidth to the
predetermined bandwidth that corresponds to the estimated velocity.

[0012] The device's velocity is estimated by measuring a level crossing rate of a multipath
signal. Alternatively, this velocity may be estimated through the periodic monitoring of the
device's location through services such as the global positioning system (GPS).

[0013) The present invention advantageously tailors bandwidths to provide for the effective
filtering of signals that have variable bandwidths due to Doppler frequency shifts.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0014] 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.

[0015] FIG. 1 is a block diagram of an exemplary mobile communications environment;

[0016] FIG. 2 is an illustration of a receiver portion of a wireless communications device;



000276 3 [0017] FIG 3 is a block diagramillustrating an inplenentation
of a denodul ation finger; [0018] FIG 4 is a block diagramillustrating an
i mpl enentwDiogn3asi3 a filter path within a pilot filter; [®0TAJS0Eb3868 5

i 11 ustrat’8®78 vel ocity response nodul e that enploys a | ookup table. [0020]
FIG 6 is a block diagramthat illustrates a further inplenentation of a
filter path wthin apilot filter; [0021] FIG 7 is a flowhart
illustrating an operational sequence involving inproved pilot signal

recd®7dn; [ 0318} 3 mablock diagramfi|lesiratiag en implomentatiomef ademsysutation Singér;
seqyems | nvolpiGNg (DR Bk Adbrad Silutta iR hn u{lﬂ@l%éﬂnaﬂ)ﬁf 2 %ﬁe Rt 2Phs
illustrati ng [TU| ti path fading characterl stics; [0024] 0 is a block
di agram iPRIOE Blterat | ng an inplenentation of an autonmatic gal n control
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1. Com‘rurwidzinhcpﬁst ftari r onnent [0027] Bef ore descri bing the invention | n
det | t | S ?E[H%!n ARERAL . 1

i nv gﬂrp %&n@rﬁltgggﬂ #ﬁﬁn | g\lvsgﬁ‘&] IS(%\ I'S n?q }é\a{ QJ? y usef ul
in m)bl I él%’@ eNtoHE i ons envi ronrrents FI G lillustrates such an
envijpezapent .  [[9028]is fal fowchaltSillasthhing kandb e RN e qdéhc8 XAV RE baABRIdHE
communi cat,i 0{1 e@g’nw ronnment 100. Conmuni cations environnent 100 includes a
base st atafiﬂlrslni a systemcontroller 108, a w reless comrunications
devi[e®3] WCD) HIGs. andCarerplapheilljpbt@dtingrmmultipth RO0PHarBasestisg;at i on 102 i s
cou to sy I e i stem
conttBH or 15416746 04 btk Hoshal i QRRhE RN imPRARrEE o Jp o' { e
exchange§0nfﬁ¢10ﬁ¢dﬂ1¢,on with WCD 106. This information exchange provides

r 00285, suc lFIG<31§1 8l @iho%ﬁﬁfﬂh@éi!ﬁ{nat@&ﬂa Qgﬁa? Wahosd BRHRIMRNER System
QB%Ppllca hi s~ exchange of |n ormati on petween WCS 120 and
occur

éf"f *alagk BRFAIR B P QcHH RFENSIOT PRPEHERENAS | ous
conmmuni cati ons channel s, a pilot <channel 114 and a traffic channel 116 are

shown in FIG 1. The t information from
base station 102 to W%@EF%§W§@CT%ﬁW%CarH es traffic
signals conveying information, such as digitally encoded voice and data.

Pil ot channel cL14., 6atdio5s ERViimaitgnal s to WCD 106 from base

[0027] Before describing the invention in detail, it is helpful to describe an example
environment in which the invention may be implemented. The present invention is
particularly useful in mobile communications environments. FIG. 1 illustrates such an
environment.

[0028] FIG. 1 is a block diagram of an exemplary mobile communications environment
100. Communications environment 100 includes a base station 102, a system controller
108, a wireless communications device (WCD) 106, and a mobile platform 110.

[0029] 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.

[0030] 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.

[0031] Traffic channe] 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



station 102. Pilot signals enable WCD 106 to determ ne the timng of
traffic signals WO 03/036813 PCT/ US02/ 33868 000276 4 transmtted across
traffic cwenaebesid6. This tim ng determ nati on enabl es WCPCI0502/8386% ecei ve
and procé®¥7Pnformation contained in the traffic signals. [0032] These
traffic signals and pilot signals are %]:DI\/A signals. CDVA signals are
generated from synbol sequences through channeli zi ng and spreadi ng

processes. Spreading involves nultiplying a synbol sequence with a
spr eadi ngrasegiftadosross fraficaghagnelgdéy ngt@@g( dergrmdeationrenableCRERRAdI06 40 ng

i nvol ves thgvdisf Bbekd Ikaaoiah c6haRRe ki Hearicggeds. such as \Wal sh codes.
Sucqﬂésozﬂes enahle nmultiple transm ssi oqs to_sSi | t aneous] share portions
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[0036] Flihsedebeit \J.vé“'ﬁ\f(zlgtl b8'tb QJhe?en'ﬁg Ql@ﬁﬁﬁ&ﬁlat%?fag%tgé} gé:%g E%{stnﬁggﬁ 6.

i
Recei ver “portion 586$I nc es an antenha segnen end 204,
an aut on@esestefiaml®@ont rol  (AGC) nodul e 206, a plurality of dempdul ation

fi ngeo3s)208a twCougs i@@&ﬂma%ﬁl@at@oxﬁ@@ﬁic@,%ﬁch 2B fJa%ortm@ ldpdatenpasegeent 202
receives ilg ?ﬁliol , Wc‘ﬁﬂ Lf&é] fs%ttgch d tcE Irn% ﬁe%lsaa'lor?r? fl 0. rl\%%i?enpqat?orrm 110 has amotion

that is defined by velocity vector 112. This motion causes Doppler frequency shifts 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
arelatively high velocity sufficient to impart a noticeable Doppler shift to the RF signals.

I Communications Device

[0036] FIG. 2 is an illustration of a receiver portion 200 of WCD 106. Receiver portion
200 includes an antenna segment 202, an RF front end 204, an automatic gain control
(AGC) module 206, a plurality of demodulation fingers 208a through 208n, and a combiner
210.

[0037] Antenna segment 202 receives radio frequency (RF) transmissions from one or
more base stations, such as base station 102. Antenna segment 202 forwards these
transmissions as electrical signals to RF front end 204.

[0038] The RF transmissions received by antenna segment 202 include pilot signals and
traffic signals transmitted across pilot channel 114 and traffic channel 116, respectively.



nore base stations, such as base station 102. Antenna segnent 202 forwards
these transm ssions as electrical signals to RF front end 204. [0038] The
RF transmveIBoss13 ecei ved by antenna segnent 202 include pCratsSoysgnal s and
traffic 9P¥r@l s transnmitted across pilot channel 114 and traffic channel
116, respectively. WO 03/036813 PCT/USD2/ 33868 000276 5 Each of these
received signals may be a conposite signal that includes a plurality of
mul ti path conponents. Multipath conponents are individual RF wavefronts
t hat ar e Eaghiafttbeselypceived sgnmds RRYytheam somnposite, signat theat incledesta pluraditgiofi ng
antenna_ghogol ddHlofals ppm?path Iﬁﬁg ndihd L' Hlfvieal A Yafolelifs iRRUL Of

wavef r ont | ections caused terral n an structure surroundi ng
WCD 106, eagtt%‘mrt 5§%@R€\Framw§ﬁ% %Eeatraerﬁ@e@gng antena atgng ditferenipaths on
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signal s F sqHl[ %%%&E&"lfeg%tlger?g%%%laﬁﬁoég% e%ﬁ%{" aﬁtrgf@’agggﬁlp faﬁ%ﬁﬁﬁ%g}enr o{r’#t and
204 may £02tamgennp Iﬁ%nég@? n@alalsgulgﬁadea digdaxier/@gt showm)ant enna segnent 202 in
accegodanpce Wi m@ont@ﬁ&@tﬂt@em&%cl@mﬂwgﬁiwﬁo&%&la sé?gnéﬁt%ﬁw%ﬂla%% al so

I ncl udes a I | f i.ca one (not wn) t I ncrease the_ power of
RF si gnalﬂée é %g‘l ﬁfﬁqqun%f, Rpnds énChF‘@c%P apireqishenhand egnent
202. 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 electrical
signals from the RF frequency band to baseband. In addition, RF front end 204 may filter
the electrical signals received from antenna segment 202 in accordance with a
predetermined bandwidth.
[0042] RF front end 204 also includes amplification components (not shown) that increase
the power of RF signals, such as pilot and traffic signals, received by antenna segment 202.
Exemplary amplification components include a low noise amplifier (LNA) to initially
amplify signals upon reception by antenna segment 202, and a variable gain amplifier
(VGA) to amplify these signals after they are mixed down to an intermediate frequency (IF)
during the down conversion process described above. One or more of these amplification
components have variable gains that are controlled by AGC module 206.
[0043] As aresult of the functions described above, RF front end 204 produces a baseband
signal set 220. Baseband signal set 220 includes an in-phase (I) signal component 222 and
a quadrature (Q) signal component 224. These components are digital symbol sequences.



Exenpl ary anplification conponents include a | ow noise anplifier (LNA) to
initially anplify signals upon reception by antenna segment 202, and a
vari abl ememn/oaﬂsm ifier (VGA) to anplify these signals afPC@rUSDhmﬁaare

m xed doWi%%® an internediate frequency (IF) during the down conversion
process described above. One or nore of these anplification conponents
have variable gains that are controlled by AGC nodul e 206. [0043] As a
result of the functions described above, RF front end 204 produces a
basd8ldll si grneGCoradude6 m@lﬁmlnpmhmtm@mnpmmwmw frontghdse (1)
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t he inco cei ved by antenna segnent 202, baseband si gnal
set [@J] i ncl udds dasqriptioamotvyretsins wobaselremdtsigrial et 220. Iﬁﬂ%meoﬁdmmngrm* signal s
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[0048] RF front end 204 passes baseband signal set 220 into each of demodulation fingers

208a-n. Inturn, each demodulation finger 208 identifies and tracks a distinct signal pairing
from baseband signal set 220. As described above, these signal pairings each include a
pilot signal component and a time-aligned traffic signal component. Thus, demodulation
fingers 208a-n may each individually track and receive a pilot signal component and a
traffic signal component sharing the same multipath delay.

[0049] Demodulation fingers 208 track multipath components by integrating received pilot
signals over a period of time to separate the power in one multipath component from the
total received power. This period of time is based on RF fading characteristics.

[0050] Each of demodulation fingers 208 processes its respective signal pairing and outputs
a corresponding symbol sequence 230. These symbol sequences are sent to combiner 210.
Symbol sequences 230 match corresponding symbol sequences that were spread, encoded,
modulated, and transmitted across traffic channel 116 by base station 102.

[0051] In addition to receiving baseband signal set 220, each demodulation finger 208
receives velocity estimate signal 242 from velocity estimator 212. Velocity estimate signal



pi |l ot signal conponent and a tinme-aligned traffic signal conmponent. Thus,
denodul ation fingers 208a-n may each individually track and receive a

pi | ot sigwalo3psdspbnent and a traffic signal conponent sh&CIrnor/sEsesane

mul ti pat h*°4&1ay. [0049] Dempdul ation fingers 208 track nultipath conponents
by integrating received pilot signals-,over a period of tine to separate
the power in one nultipath conponent f;]omthe total received power. This
period of tine is based on RF fading characteristics. [0050] Each of
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vel oci ty-ai cFedg[LTtllteii ng techniques. As shown in FIG 3, finger 208
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set 326. d-le-gc'xﬁng process is known as decovering. Decovering a traffic signal involves the use of

an orthogonal channelizing code, such as a Walsh code that was used by base station 102 to

encode the traffic signal. Decoder 306 determines an appropriate channelizing code

through an accumulation process. Accumulation involves correlating despread signal set
326 with one or more channelizing codes. Decoder 306 produces a baseband traffic
sequence set 332. Traffic sequence set 332 includes an in-phase traffic sequence 334 and a
quadrature pilot sequence 336.

[0057] 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-pilase pilot sequence 340 and a quadrature pilot sequence 342.

[0058] 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.

[0059] 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-



decodi ng process is known as decovering. Decovering a traffic signal

i nvol ves the use of an orthogonal channelizing code, such as a Wal sh code
t hat mas‘W@@dmhylbase station 102 to encode the traffic ®CgrEb2/3iBesoder
306 deterf"7&s an appropriate channelizing code through an accunul ation
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process produces a filtered pilot sequence set 344, which is sent to data
denodul ator 312. Filtered pil ot sequence set 344 includes an in-phase (I)
filtered pilot sequence 346 and a quadrature (Q filtered pilot sequence
348. Pilaffi |Wﬁbcl€ylﬁe§f§nﬁvé PikcRASS filter having a bandw dth that changes
with velocity vector An inplenentation of pilot filter 310 is

described in greater detail with reference to FIG 4. [0061] Data
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relative velocity determines a Doppler frequency shift in base station 102 ongmated RF
signals that are received by WCD 106.
[0063) For base station 102 transmissions received by WCD 106, Equation (1) provides
Doppler frequency shift magnitudes as a function of relative velocity.

fd:l)f; ¢y

c

In Equation (1), f; is the Doppler frequency shift magnitude for received signals, v is the
relative velocity in meters per second, fis the frequency of transmission in Hertz, and c is
the speed of light in meters per second.

[0064] Table 1 provides a list of Doppler frequency shifts for an exemplary set of
velocities. At each of the listed velocities, corresponding shifts for a cellular band
transmission at 800 MHz and a PCS band transmission at 1.9 GHz are furnished.



106 and base station 102. By convention, relative velocity is positive when
WCD 106 and base station 102 are approaching (i.e., when the distance is
decreas%&oms@megati ve when WCD, 106 and base station POZ/usom3departi ng
(i.e., 7fhe distance'is increasing). This relative velocity deternines
a Doppler frequency shift in base statjon 102 originated RF signals that
are received by WCD 106. [0063] For base station 102 transm ssions received
by WCD 106, Equation (1) provides Doppler frequency shift magnitudes as a
function ¢f relative velocfty. 1d = vC (I) n EqUation (I), |fd is the

Doppl er frequency shift magnitude for receijved signals, v isl the relative
velocity iin neters per secpndelliilat Baid 800y ejg Pe&IScBarf (11X @HgJyi|ssion in Hertz,
and c is |the speed of light in s per [second. [0064] Table 1 provides
a list of |[Doppler frequency shift r an exenplary set of (velocities. At
each of tfpe listed velocit|es, correspondi ng shifts for a cellular band
transm ssi 800 MHz anfd a PCS ban nsm ssion at 1.9 GHz are

f ur ni shed %\r}]ﬁé%“e/ 036813 PClT/ US02/ 3386@7657’%0276 9 cell &3¥578and (800) PCS
Band (1.9{GHZ) MHZ 5 kmihf 3.70 Hz 8.80Hz | 30 km 22.22 Hz §2.77 Hz 100
kmi hr 74.08 Hz 175.91 Hz B0O0 kmi hr 222.24 |Hz 527.72 Hz Table 1 [0065]
When base|3P&M on 102 and WD 106 ha¥@2aBze| ative appPddélizng vel ocity, fd
is positijve. This positive magnitude yields an upward frequency shift
forRF signals received by|WD 106. Howeverj when base statilon 102 and WCD
106 have alP@katirve depart|{ng vel oc74988Hd [ s negati ¥@&3.9Thiz§ results in a
downward frequency Shift Tpr RF signals received by WD 104g. [0066]
Conventiohal pilot filters|have a fixed bandw dth. These fixed bandw dth
filters cpA00kalse degradefd WCD 1062p224 &iznance i n t¥R7.82Hzdt i ons. The
first situation occurs wie ' ve a rel ative
vel ocity that, based on the fixed pilot filter bandwi dth, is greater than
an upper vel ogiabye 1 hreshold V. Such rel ative approaching velocities cause
upward frequency shifts in the RF signals received by WCD 106 from base
station 102. [0067] Upward frequency shifts of RF signals increase the
band0@&f h of dPherelsgsontiting 102 and WCD 106 have a relative approaching velocity, fy is

positive. This positive magnitude yields an upward frequency shift for RF signals received
by WCD 106. However, when base station 102 and WCD 106 have a relative departing
velocity, f7is negative. Thisresultsina downward frequency shift for RF signals received
by WCD 106.

[0066] Conventional pilot filters have a fixed bandwidth. These fixed bandwidth filters can
cause degraded WCD 106 performance in two situations. The first situation occurs when
WCD 106 and base station 102 have a relative velocity that, based on the fixed pilot filter
bandwidth, is greater than an upper velocity threshold V,. Such relative approaching

velocities cause upward frequency shifts in the RF signals received by WCD 106 from base
station 102.

[0067] Upward frequency shifts of RF signals increase the bandwidth of corresponding
down converted signals. In the context of the finger 208 implementation described with
reference to FIG. 3, an upward Doppler frequency shift of RF signals received through
antenna segment 202 will increase the bandwidth of sequences within baseband pilot
sequence set 338 (i.e., sequences 340 and 342). If such bandwidth increases exceed the
fixed bandwidth of a conventional pilot filter, then sequences within filtered pilot sequence
set 344 (i.e., sequences 346 and 348) will be distorted. These distortions result in WCD
106 losing its ability to fully track pilot signals, which ultimately causes degraded traffic
signal reception.

[0068] The second situation that can cause degraded WCD 106 performance occurs when
WCD 106 and base station 102 have a relative velocity that, based on the fixed pilot filter



down converted signals. In the context of the finger 208 inplenentation
described with reference to FIG 3, an upward Doppler frequency shift of
RF si gnalworoemmswed through antenna segment 202 will i nciPeadso02/bas68
bandw dt h%03#76 sequences Wi thin baseband pilot sequence set 338 (i.e.,
sequences 340 and 342). If such bandvmlg)th I ncreases exceed the fixed
bandwi dt h of a conventi onal pi lot filt then sequences within filtered
pi | ot sequence set 344 (i.e., sequences 346 and 348) will be distorted.
These di g‘?ﬂ@ﬁm@hgs tess {hep ajlowengplocity Greshoidhy..i WhemBidelative velbeityl i 1y laweack
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distorting pi ot sequences, this situation causes extraneous noise (al so
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as WCD 1Cfitashatioallyl dvdreastd eo Hrnditigium KindRidiehedessdrp fordictise pAstt femt i cal |y
decreaseqr g}gt he m ni num bandwi dth necessary for effective pilot signal

t racki ng. a% ’%1] As described herein, pilot filter 310 filters baseband
sequ@dtld set IsRdeseritediheiaigipiot ilbersd Offliera hakdband semercecet 338 to3Hhinae

perform tRis fonh }glﬁ'ft ked@ncd¥el fT[*boI st glrg étgs Eﬂ&*d#dgﬁotﬁﬂeggg@ﬁxﬁluggaqﬂ pot

shown) for each eque ce wt sequert exarrpl es of
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[0072] Flfffer ﬁathsimglehieﬁﬁakqoﬂs ﬁgfd@ﬂiriﬂeh Yelotak HIN & Bnd TR |P?G§ at@t ' on of a filter
pat E?(B%Z:I 213,? i grﬁlﬁoﬁgf I}E’kf??( déagg I%Itrgﬂrllg] | e o aflttaltﬁ)?l olf a%lter path w1th1n pilot
filter 310. This implementation includes a multlphcatlon node 402, a summation node 404,
a multiplication node 406, a delay node 408, and a velocity response module 410.
Summation node 404, delay node 408 and multiplication node 406 are part of a feedback
loop 412. Together, these elements of implementation 400 operate as a low pass, first-
order, infinite impulse response (IIR) filter having a single gain constant.

[0073] Multiplication node 402 receives an input sequence 420. Input sequence 420 is a
sequence of pilot sequence set 338. Thus, in the implementation shown in FIG. 3, input
sequence 420 is either in-phase sequence 340 or quadrature sequence 342. Input sequence
420 is sent to multiplication node 402, where it is multiplied with a first control signal 430.
This multiplication results in the generation of an intermediate sequence 422. Intermediate
sequence 422 is sent to summation node 404 within feedback loop 412. At summation
node 404, intermediate sequence 402 is added with a feedback sequence 428. The
generation of feedback sequence 428 is described below.

[0074] Summation node 404 produces an output sequence 424. Output sequence 424 is
one of the sequences of filter pilot sequence set 344. Thus, in the implementation described
above with reference to FIG. 3, output sequence 424 is either in-phase filtered pilot



a nmultiplication node 406, a delay node 408, and a velocity response nodul e
410. Sunmation node 404, delay node 408 and nul tiplication node 406 are
part of awbDeadb@ck |oop 412. Together, these el enents of PCAalSemsass&t i on
400 oper #¥78s a | ow pass, first- order, infinite inpulse response (IR
filter having a single gain constant.l[0073] Mul tiplication node 402
receives an input sequence 420. I|nput %equence 420 is a sequence of pilot

sequence set 338. Thus, in the inplenmentation shown in FIG 3, input
sequence SaPernics 344 enquadrarefiliered pHofiseqimnca M. dks deserthedirbos @éq@@mee 342.
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0
[0075] 1 eGP SHoR Y iAo EH e T Sl g R I G  5S AN dauence
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4086, mheraérwststh@baﬂrﬁmdtbpifedotvﬁltdﬁ éosecond control signal 432. This

mul o7 cat i orAgreaéteemfl@@e@afahsﬁs%@r&@stﬁ&%feele&e%ﬁeg b?@&n&@agﬁ als hggdback

seqguence % 33 ded to |nterg§‘gr ate sequence 422 at sunmation node 404.
[00761 C3RE AGP- Siogmrsfanca,dty uiies tarreprsmnagteewmof@rﬁralﬁwa Wottse nmodul e
410 in Ifaﬁ:pmﬂsﬁvél@cw}eémdteys1gﬁtdlmhhagﬁ&ud@&ﬁpﬂéﬁsidfaﬁG)Bntlriéifﬂﬁé bycagbl mat or
212. As ssho %1 I%G 4 te(i é’g esponse nodul e 410 recei ves such

vel ocity & % Tong” SRSt %/ ‘f)l mate signal 242. By varying the

val [@98bf contQuputsegreats 4280 eupdesd@Pbelvwl indEquytiore€)ods Equatihn €),440)

adj usts d p t t SR det ernng

rel ati onté % n%lgyalgnq{)h Sl%j%%l %@nl &h}g I%%ﬁeg%ngs 8% ans%grﬁ‘ B'érfgﬁ@l @mfgﬁgenésnd 432.

For mstéﬂﬁ@é‘e BfueRse A0 AN X (LorepEsspris Eplt sequcneal4d8. of control signal 430 as
a function of vel ocrty estimate signal 242 nmagnitude (expressed as v), the

val ue of control sr e re esent ed 1 a(v). [0078] Qutput
sequence 424 is expk @aa@érmh‘? | on (2). 6&% Equation (2), a(v)
[0079] The bandwidth of'pilot filter 310 is expressed below in Equation (3) as a function of
control signals 430 and 432. In Equation (3), PSR represents the symbol rate of input
sequence 420.

_PSR ; a(v)*
Jon = " 08 (1— 2(1- a(v))) ®)

[0080] Equation (3) illustrates that the bandwidth of pilot filter 310 is dependent on the
gain parameter, ov). Specifically, as o(v) increases, the bandwidth of pilot filter 310 also

increases. Thus, velocity response module 410 translates the velocity indicator, v,
communicated by velocity estimate signal 242 into a gain, o(v) for the pilot filter.
[0081] Velocity response module 410 may perform this translation using a lookup table
stored in memory. Alternatively, velocity response module 410 may employ an equation
that defines a relationship between the magnitude of velocity estimate signal 242, v, and

o).



represents control signal 430, 1-a(v) represents control signal 432, y(n-1)
represents del ayed sequence 426, and x(n) represents input sequence 420.
y(n) = (Iwe(splesin-1) + a(v)x(n) (2) [0079] The bandw dt hprefr/ysot/sases il ter
310 is evppe®ssed below in Equation (3) as a function of control signals
430 and 432. In Equation (3), PSR rep 2esents the synbol rate of input
sequence 420. A = PSR cos' 1- a(v) (3§ 3dB - 21r 2(1- a R)J [0080]
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corresponding velocity range.
[0087] Control module 602 receives an input sequence 620. Input sequence 620 is a

sequence of pilot sequence set 338. Thus, for the demodulation finger 208 implementation
shown in FIG. 3, input sequence 620 is either in-phase sequence 340 or quadrature
sequence 342. Control module 602 selects one of filter components 604 and passes input
sequence 620 to the selected filter.

[0088] Control module 602 bases this filter selection on the velocity of WCD 106. More
particularly, control module 602 receives velocity estimate signal 242 from velocity
estimator 212. This velocity estimate signal represents the velocity of WCD 106. From the
magnitude of velocity estimate signal 242, control module 602 selects one of filter
components 604 that has a velocity range that encompasses the represented velocity.

[0089] FIG. 7 is a flowchart illustrating an operational sequence involving improved pilot
signal reception. This operational sequence begins with a step 702. Instep 702, WCD 106
estimates its velocity. This step is performed by velocity estimator 212. Next, in a step
704, WCD 106 adjusts the bandwidth of pilot filter 310 in response to the velocity
estimated in step 702. This adjustment mitigates the introduction of noise and distortion to

pilot signals received by WCD 106.



pilot filter 310. A control nodule 602 is coupled to a plurality of filter
conponents 604a through 604n. Each of filter conponents 604 has a distinct
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nmodul e 609%Bcei ves an i nput sequence 620. |nput sequence 620 is a
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i npl ementation shown in FIG 3, input~sequence 620 is either in-phase
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components 604 based on the velocity of WCD 106 and passing a pilot sequence to the
selected filter.

IV.  Velocity Estimator

[0095] As described above with reference to FIGs. 2 and 3, velocity estimator 212 receives
control signal 240 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 each of demodulation fingers 208 to control the
bandwidth of its corresponding pilot filter 310. Velocity estimate signal 242 is used by
each of these fingers.

[0096] 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.



of bandw dths. Referring again to FIG 5, range code 510, which encodes a
velocity range of WCD 106, causes one of the plurality of parameter sets
stored i mvb(ﬂomqsm able 504 to be wutilized by pilot filtePC3A®02/33868
descri bed®¥6ve with reference FIG 5, the particular paranmeter set
utilized determ nes the bandw dth of 8I|Ot filter 310. [0094] FIG 6
provides a further exanple of steps 8 ﬁ and 804. Each of filter conponents
604 provides a bandwi dth that matches a corresponding velocity range.
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represents an isolated multipath pilot signal.

[0101] 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.

[0102] 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.

[0103] 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.

[0104] Power estimator 1002 receives baseband signal set 220 (i.e., signal components 222 and
224) and estimates its instantaneous power. Power estimator 1002 outputs a power
estimate signal 1020 that is sent to summation node 1004. At summation node 1004, power
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[0107] 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 level crossing

rate. However, when noise components represent a significant contribution to the total

-

—+

power of areceived signal, the noise components adversely coniribute to the determination
of the level crossing rate when a single threshold is used.

[0108] The frequency of a composite signal's fast fading component can be estimated using the
expected velocity range that the receiver will experience. The pilot integration time must
be sufficiently less than the period of the fast fade in order to reliably detect level crossings.

Because this amount of time is finite when the channel exhibits fading, measured pilot
power has a certain amount of noise associated with it. This amount of noise may be
represented as an SNR measurement.

[0109] The SNR of an integrated pilot signal=s power is directly proportional to a quantity

expressed below in Equation (4).



[ 0105] Adjustnent signal 1024 is sent to | ow pass filter 1006, which
produces a digital control signal 1026. Digital control signal 1026 is
sent to (WAOB0IBOB to generate gain control signal 240, Wwairaiso?/s3ssent to
RF frontometw 204. DAC 1008 may be renoved for inplenmentations of RF front
end 204 that receive digital gain con{( ol signals 240. As described above,
anplification conponent(s) wthin RF ont end 204 vary their gain
according to the value of gain control signal 240. [0106] Digital control
signal 1026 is al sdoshetpt (Ecp/&upd (log+d8hmponefd) 1014, where it is input to
inverting node 1010. Inverting node 1010 is shown as a nultiplier having a
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energy1d)’ angfiletsR6, the hysteresis feature employed by velocity estimator 212 prevents small
changes in the measurement of a signal's amplitude that are less than (N+M) dB from
getting considered in level crossing rate computations. The level hysteresis algorithm
employed by velocity estimator 212 can be expressed by the following pseudocode. In this
pseudocode, s(n) represents the symbol amplitude at a time n, Ty represents a high
hysteresis threshold level, and T represents a low hysteresis threshold level.

if (s(m) <To) {
if (thresholdFlag == 0) {
levelCrossingCountert-+;

thresholdFlag =1;

}

else if (s(m) > Tw) {
if (thresholdFlag == 1)
levelCrossingCounter++;



at base station 102, and (loc + Nt) represents the total interference due
to adjacent base stations and thermal noise. [0111] Therefore, as
|nd|catede§%Eqmailon (4), when the total receive power offCa/ysbd/ais6si gnal
is low or’WH&n its associated IeveIs of interference and noi se are high,
t he measurenment of a pilot signal= 39e I S noisy. This noise causes the
estimate of the pilot signal=s pomer t traverse a |l evel crossing
threshol d value many tines. In contrast, when a pilot signal is received
in a noise freé system its power traverses a level crossing threshold
value only once. [Ghidlolifla@Edrr to decrease the effect of a pilot

si gnal =s SNR oq its level crossing rate, velocity estinmator 212 enpl oys
| evel crossing’hysteresis. This hysteresis feature enploys a high

t hreshol d and a low threshold. According to this feature, a signal’
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10117] 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.

[0118] Multiplication nodes 1202a and 1202b produce a sequence set 1230 that represents
baseband sequence set 338 with the power stabilization effects of AGC module 206
removed. Sequence set 1230 includes an in-phase sequence 1232 and a quatrature
sequence 1234,

[0119] Sequence set 1230 is sent to low pass filter 1204, which produces a filtered sequence set
1234 including in-phase sequence 1235 and quadrature sequence 1236. Power calculation
module 1206 receives filtered sequence set 1234 and calculates its instantaneous power.

[0120] To calculate instantaneous power, power calculation module 1206 computes the sum of
the squares of each sequence within filtered sequence set 1234 and calculates the square
root of this sum. Power calculation module 1206 outputs this instantaneous power as

energy sequence 1237. Power signal 1237 is sent to queue 1208 and RMS power
calculation module 1210.

o

[0121] RMS power calculation module 1210 calculates a RMS power sequence 1238 using a
predetermined number of consecutive values of energy sequence 1237.  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.



} thresholdFlag = 0; } [0115] FIG 11 is a graph showi ng an application of
the level hysteresis algorithmto a mnultipath 1110 over tine in a noisy
envi ronmewp.03aiharily, fast fading produces signals, s®Ch/is82/83868 one
shown in % oC. However, contributions from noise conponent result in a
noi sy estimate of the nul t| path signal;g This high hysteresis threshold is
denoted as TH and the |ower hysteresis threshold is denoted as TL. The
predeterm ned threshold | evel to determ%ne | evel crossings (not_s ovvn) is

at alWddbr 1Qigse 1298t 1s % fpdipelast AYstidFe] ibafter.., (Qugys) 793 kg a1 Rﬂ'f’icf L. When
the hyst eé&ﬁdsﬁozﬂis@@ﬂietdﬁﬁibeﬁoﬁa‘?ﬁibbl%ﬁisédlnfﬂliﬂ Iﬁnﬁh@g&aﬂcﬁllaﬂdik@perfﬁﬁﬁed@tmﬂ evel

d d ted F "X
[o110) B v saeaaon ol A0y dhe o1l P i FIRa R rras e an. of
vel ocity asldends adeldgd encydy sehummpﬂ@%totdwnteyiﬂm esis algorithm described

abovg% L" SCHH% e%rfggg%iﬁ@ ﬂae,nﬁ S f 18 Ef&élh%?{)f%{%pgﬁﬁeﬂc%()&a4%@ﬁ 1202b,

alo cal culat1on no a synbol eue
1208, an thmhpbiwelr%@aﬂndul?aﬂ& f@rprmdeu lhgsteresiy in ghe ispwting din pesfaung swh modul e

1212, a Coimtifk, chimfr 19@0%{1@9‘%{3&“@% ewﬁigﬂ-fk se[lpﬂa]l&l k1208 estimte

244 s receive r Ilcatl des 02a. and
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Mul tiplicatio and. 120 ce hat
repr esent & tl g?’se@ ﬁe%éoézW&a%gglg ‘303%‘9 ?ﬁ ?tr?éz %%@g%?%gg)gghogffects
of AGC. nivdkiye t0612 6 nin/msth iBptpnentaéions tcoum3R46nis Iua@iiaélr@nﬂymn aptederity
sequence J232.and a quatrature sequence 1234. [0119] Sequence set 1230 is
sent to |ow pass filter 1204, which produces a filtered sel%uence set 1234
i ncl {¥2Ah |rA|§ﬁ wpseppiatian of valegity gsimaion 242 de fhewr dn18i9s 1 3poais
cal cul ati piplemBatetien I2@milACR) mslrﬁplérhaﬁadmsgwae Het 1223%h aad, bathcul at es

its instant neous ower 012 cal cul at.e j nst ant ower ower

cal cul at | BFPIFBGHE fh&% f%@tﬁ‘ﬁ@c :f ar?@egtﬂfﬁa,ﬁegggioftg%ﬁ%nﬁ?@g’ uence
within fibfeaessy ss@mmeam’j‘?s Ho%ﬁ&ﬁhamdomhﬁrm]&m¢mmmm1whwatesel crayoingsifr t hi s
sum Powe %&Hf%ﬁ?&n nmodul e 1206 outputs this instantaneous power as
energy sequénce Power signal 1237 is sent to queue 1208 and RMS power
cal cl13s] on Imblerseconpinaplerentatiqn, RABS Y sRABENG 23T linsanb e diste l 2081andRMS

cal cul at eﬁoﬁer%u%‘@]ﬁrm&ﬁﬂéjw ad-Aifle @@% Tp pRmBIRUA! eloWdIed ilhelesonal

consecutive val ues of epergy s nce sequence eis

sent to tFIRIEmENEten R B?YVS‘?Pa}?Fb‘E’L} 12*&N°§’§E%%YFB SRAHEIS ﬂxgéﬁ?d ul e

12 12 us eSahdnﬁlamz&@&ﬁabmaade ye. Ncﬁﬁlhﬁzmgfadﬁﬁ n{ddukr1d02galadateemdoitpats above
cal ¢ ué{ghg}l xaﬁggresents % pov?e\fesequ%{lgesﬂﬁgantd%)? isshaorllo%%allfz%ﬁg fa%{})q 1%%1.2'

These t hr
[0127] Normalizing factor 1320 is sent a multiplication node 1304, which also receives

delayed energy sequence 1244 from queue 1208. Multiplication node 1304 multiplies these
inputs and generates a normalized sequence 1322. Normalized sequence 1322 represents
delayed energy sequence 1244 normalized by one-half of RMS power sequence 1238.

[0128] Normalized sequence 1322 is sent to counter 1214, which counts the number of level
crossings of sequence 1322, However, unlike the implementation of FIG. 12, where
counter 1214 receives varying hysteresis thresholds, in the implementation of FIG. 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.

[0129] Counter 1214 outputs a count 1328, which is sent to lookup table 1216 to determine
velocity estimate 246. In the second implementation, as in the first implementation, lookup
table 1216 is optional. Thus, count 1328 may be used directly, or velocity estimate 246
may be calculated from it.



coupled to a level crossing counter 1214. WD 03/036813 PCT/ US02/ 33868
000276 18 [0122] Queue 1208 is a first in first out (FIFO buffer. Queue
1208 has wOdapsds1i hat corresponds to -the nunmber of synmb®C3/usemEsBss$ t he
runni ng cAPTbI ati ons perforned by RVS power cal cul ati on modul e 1210. Thus,
synbol queue 1208 del ays energy sequenge 1237 and sends a del ayed energy
sequence 1244 to counter 1214. [0123] unter 1214 counts the nunber of

| evel crossings of energy sequence 1244 using thresholds 1240 and 1242 to
provi de Hysterﬁﬂ@$$Q¥trmecountlng I n perform ng such counting, counter
1214 out puts a count 1246, which is sent to | ookup table 1216. [0124]

Look bI 16 nb I I indicated b t
Toaolllnc NEREaroRS rigORER TR T B8 PECH! TSR RSP ARSH SEFL Y. The
vel oci ty shetldriet wndesstend fhiat tlmy_havebem'n presensdd mmyM&xavﬁbIeedmlﬁtandeth

vel ool Y 1fRTR! Yo BRAaRG) TRLETR RS fOUhior RBK R BPLGiAERS: 11

such i nplenentations, use
[ 0125] A@emfnﬂiemh@wmm@pdmxemplawelembpdmm mmwbouléltze defirsiomyiim FI G

13. This acbc;faélﬁ%w@&feqnml cmlﬁleanéneﬁ@auﬂvgnhﬁﬁent ation shown in FIG 12.

In fac% both . i nplenentations, are the sane omt he receptlon of voltage
est i I0A3H 24Hotipstancs, theabeva deseription insiodyes yigad gnd pabol sefyhavigpiaviiase 2 e

second i npheaRné SéhPehentd. desd R alr@a/sed)cm:te@a@mr@BSK ﬁlodalaﬁbﬁfﬁbﬁé&ernmener

[0126] In_the second | nta uence 1237. i gueue
1208 and VRS BEARITCRRE SRITOA R NarCoL Tt S5 A Fhasorila Wi oue?
i mpl enentm@dLﬂHtlon&mkmmes Tlrest bets megionbide amplhmnbem:ﬁmmppneﬂtdBmeple

| cul atig
Fact or st St 453 PEE oGRS Sl vy Wikec AR ROGGE TRPSK Brd ORRETANL £, T <
2/ x, wheﬁ@%@@@%@%@@hts RMS power sequence 1238 and 2/x is a normalizing
fact 1324320 4ddi2o], alesphl the hﬁﬂelfnaa%@dns@&@wcﬁy%@cﬂha@r m& 8dsBliberdhiods node

VLIt pl i GREPBR ARG AR a PR Bes RTGS ARG B PAR L sy

nor mal i zgdrforn weshcastitidfian thionghathe patbdenoaiicingl S2ARe depcesletdtidn thwugly ed
energy s 4..n0f of RMS power sequence 1238.

[ 0128] N%%#g |ze§g§%ﬂ% laﬁﬂkéggmgéggéﬁFpﬁﬁﬁsounter 1214, which counts the
nuntl@i33f | EMﬁlerrn@rmgbﬁ fiehnisfues o e presarg 2Ry ertionemey ‘beuepleyed fre other

| mpl ementeg bR Qliold Ghvidmeiahs do%%’tjﬁ‘lklgfve:!fg% JrREsVMEs varying hysteresis
thresholds, in the inplementation of 3, counter 1214 receives
hysteresis thresholds that remain constant These constant thresholds are
shown in FIG 13 as high threshold 1324 and | ow threshold 1326. This

i npl enentation may enploy constant hysteresis val ues because sequence 1322
is normalized by a val ue



proportional to RVS power sequence 1238. [0129] Counter 1214 outputs a
count 1328, which is sent to | ookup table 1216 to determne velocity

esti mat e WOB3/084813 he second i npl enentation, as in the fir®CTiusp/z38eht ati on,
| ookup t3B1%é°1216 i s optional. Thus, count 1328 may be used directly, or
velocity estimate 246 may be calculatg fromit. WO 03/036813

PCT/ US02/ 33868 000276 19 V. Conclusion [0130] Wil e various enbodi nents
of the present invention have been described above, it should be

under st ood" e hdt IS B MEPISheen presented by way of exanple only, and not

limi tatl on, ThusmettR dFriggaléHng i 12E6PRSn A atﬁgna‘?rn‘?ﬁ%trelésg\é%ﬂﬁﬁlﬂﬂcagtgﬁé’l d not

be Iim of the above-descri bed exenplary enbodi ments ut shoul d
be def ge‘ﬁfyﬁ’ 9%) %EH?S&%@@SWP% ‘the follow ng clainms and their
equivalents 1Q®3é#mEMMngsmamm@ofﬂhewanmw@ddescr|ptlon |nvoIves signal and
symbol ysets ha rat nent The s.are
associ at ed w thﬁ)&wrﬁgﬁ?ﬁr%mhdm n%’ro E%E% enpl oy
ot her typtsmiigasd Gaantrasicgon h’latomreadaiwmm:)attceﬂ)e\mgdal ot her m)dul ation
techni ques. These sets may include any nunber of conponents. For exanple,
such sets_nmay b% a5500|ated mnth bi nary fhase shift keying (BPSK) and

i ncl ude ofly alhgmeg Bile Mihereigtep b) ¢amprirgs theottepsalft hough t he

i npl enent at i on@l)otncmblagtﬁa/ﬁmtamﬁ@h@ﬂl a%JtKe Qﬁﬁﬁattécb%’loa BO¥EreaddErdn@r M vel ocity
estimation u5|g$ evel . tﬁ ﬁh nﬁ nts, O%% stlnator 212 may
perform such eS¥i MEFvasHethe 3%33{1 ?SI eﬁ“ﬁﬁtﬁiif’ F%DQ Ffeafe device's

| ocation through services, such as the global positioning system (GPS).
[0133] Fugther q f p nt _inventi be errpl oyed
[ 0133] FUst her THESucbdiof BT RSl lE RGP AT e VEILAPY JBEaBEN T OV o0
03/ 03681 3°EMNISHRE FFRGBENY00276 20 WHAT IS CLAIMED IS: 1. A net hod of
inproving the reception of a signal in a wireless conmunications 2 device
(WCD), coppris e steps of estimating the velocity of the WD, and
4 (b) adjtsti n@ﬂgﬂt@fm OE%Wd]\MW&]gW)n? Fep k) opTises the sise e @meagiringe leveli nat ed
vel oci2 y, crossingraté.gat e t he i ntroducti on of noise and distortion to the
signal. 2. The nethod of claim1l, wherein step b) conprises the steps of

5. The method of claim 1, wherein the signal is a pilot signal.
6. The method of claim 1, wherein step (b) comprises the steps of:

2 (1) providing a plurality of predetermined bandwidths, wherein each predetermined
bandwidth corresponds to a particular velocity range; and

4 (2) setting the filter bandwidth to one of the plurality of predetermined bandwidths

that corresponds to the estimated velocity.

7. The method of claim 6, wherein step (1) includes the step of providing aplurality of
2 filter components, wherein each filter component has a corresponding bandwidth.
8. The method of claim 6, wherein step (1) includes the step of providing a lookup

2 table 504 that translates a velocity estimate into one or more filter parameters, wherein the
one or more filter parameters determine the filter bandwidth.

9. A system for improving the reception of a signal in a wireless communications
2 device (WCD), comprising:
a velocity estimator that generates a velocity estimate; and
4 a filter having a bandwidth that is adjusted in response to velocity estimate, to
mitigate the introduction of noise and distortion to the signal.



2 (1) increasing the filter bandwi dth as the estimated velocity increases;
and (2) decreasing the filter bandwi dth as the estimated velocity

decr easeswO0d3/03ds8¢3 net hod of claim 1, wherein steps a) andPo)/usom33ses f or ned
at periodi¢dl'fy- 2 occurring time increments. 4. The method of claim1,
wherein step (a), conprises the step o 1ms\asuri ng a level 2 crossing rate.
5. The nmethod of claiml1l, wherein the signal is a pilot signal. 6. The

met hod of 16} ai rihe systbreroéthairs Dewhdrbip said fifter s edagtbetodh@pse of filter Hahilwiitiovi di ng
a plurali determ ne

Dandwi Jt h by RREAL PSP R ARE bl Do e PR EAE S 5 R b80ed ng the
filter barYﬁlfeFﬂYﬁleéaséﬁe of the plurality of predetern ned bandw dths that
corresponds to the estimat ed velocity. 7. The nethod of claim6, wherein
step (1) cludes the ste OVI,dII’l a plurality of 2 filter

conponent ¢ T gﬁ‘ﬁsﬁs‘[@&é’ﬂc Ilnte Pﬁﬁﬁ‘ﬁgYﬁ Oﬁ%esﬁn@&fr@%wwﬁﬂyeb@nmgjt h.

8. The2rreirzttetbm‘bdc¢eeam16cltmanmm step (1) includes the step of providing a
| ookup 2 table 504 that translates a velocity estinmate into one or nore
filter parameters, wherein the one or nore filter paraneters determ ne the
filter baddwi difhe S%temﬁyblmrﬁf?vhcremrthe sighalgs tpdot egeidt i on of a signal in a
W rel ess communi cations 2 device (WCD), conprising: a velocity estimator

t hat gener tes velocity estimate; and 4 a filter having a bandw dth that
is ad ust &t i nThesysee of elsig &) whereip Sé@tﬁlmtcémpﬂées mtigate the introduction
of noize and da@lhﬁﬁlﬁtlytm taietelmu&um@dmdm QRERFOSER pRiaL RN BARRGAq0002/ 6

21 10. The.s erein said filter |s adapted to |ncrease

the filtef® esﬁ%&?:ﬁ) aﬁtlcéllarvﬁ@mé%ﬁnﬁﬁt vel ocity increases, and decrease
the fi4ter bantheagk forassttnﬂgahesﬂﬂenhmmmedoaﬁietof e pheas t?sof plzédetéFHﬁne%lyStem
of claim i measures a level crossing 2
rate to p?%ng\gdggﬂlgm\% OCI %S%Sgttgtﬁ ?Sﬁﬁlta%gq't Ctlat system of claim9, wherein the
signal is a pilot signal. 13. The systemof claim9, wherein said filter
conprises: 2 a plurality of predeterm ned bandw dt hs, wherein each

predet ermi ned bandwi dth corresponds to a particular velocity range; and 4
nmeans for setting the filter bandwidth to one of the plurality of

predet erm ned bandw dths that corresponds to the estimted velocity.




