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FI LTERI NG FOR PI LOT SI GNAL RECEPTI ON BACKGROUND OF THE | NVENTI ON Fi el d of
the I nvewoomnis®301] The present invention relates gener adyusde/s¥des €l €ss
comuni ca®ofls devices. More specifically, the present invention relates to
adaptive filtering techniques for use Y'n nobile comunications
environnents. Related Art [0002] Mbobile comruni cations devices, such as

wi r el ess phoWEEQCET¥ RESRONENE BIIXERING FORIRILOT SIGNADRECRMIION pl at f or ns
that travel at relatively high velocities. For exanple, nobile

communi cations devices are often used in autonobiles, trains, and airplanes
that travel at speeds as fast as several hundred kil oneters per hour.

[0003] In wireless comuiyLakGRISURD\OK PAEARAVENDON! er frequency shifts
occur in signals transmtted between a transmtter and a receiver when the
transmtter and the receiver have a relative velocity with respect to each
ot her. Thrsld'Tliiinvéntieal ocity causes 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
vel ofp0o1], t hesmefmmmmnsh rdiates gereraliytewitel ebdoinimiinicatioasdévives.r Blofd i ve

vel ocity | artin It uenc hifts. are.do

{004 MmyReniio R RRESR ifinpth kel R SRR olPmiesTo e BB ' o,
are confé¢qgumenications envitormentsgnal s within a particul ar frequency range.
Unfortunately, Doppler frequency shifts can place such signals outside of
t hese conflgured frequency ranges. This condition can |ead to degraded

performanB@l ted d005] For exanple, in wirel ess conmunications systems that
operate according to code division nultiple access (CDI\/A) st andards, such
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stati on. w&hﬂ]mdn@efashmvmal Mndswddqhnkmtm pentwad as timng and phase
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113/ 113685ignals transmitted between a transmitter and a recclver when the transnutter an
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 fo 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.
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filter pl|0t S|gnals with a pilot filter having a fixed ban ld Because '
nobi | e c 3 ons environnents often involve Doppl ert G ‘é%éﬁ% shifts,
portions of a received pilot signal's spectrumcan fall outside of the
pilot filter's fixed bandwi dth. This causes distortions that reduce the
pilot signal's SNR [0008] On the other hand, if the pilot filter's fixed
band h r cy
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t he device,i.n. rﬁgwe to the estimated velocity, so that the |ntroduct|on
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of noi sep%%(ﬁga ion to the signal is mtigated. 100111 The filter
bandi08®h i s a«ﬁiq:qosdinglyb)vhiah@r vesgled gs iat techniquvethes ehaldese pilotefiltaringytoi b r eases;
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acco%%r ed tfﬁ prov ngda‘aegn er o pr%gégtﬁg’rm née]“a‘ﬁ%%‘iﬁf’ dt hs t hat
each cor Egﬁmtl@%mapl signelsi ar vel oci ty range, and setting the filter

bandwi dth to the predeterm ned bandwi dth that corresponds to the estimated

vel ocity. 10012] The devic vel by measuring a level -
crossing rate of a nulti pagniﬂng%%ﬁmﬁé , this velocity maybe
estimated t hrough the per| odic nonitoring of the device's |location through
ser vj such S, the 0si S 0131 The esent
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I nvention alt%gg?es&%dtgfd%ﬁg Qﬁ?‘é‘éj@@eﬁ to t he a@gé&kg}g?rﬁf&gr awi ngs. In
the draw hiewidthide thedeyicerin sesnonisde Segstimptad Mslorityise dbat thmw?t@aon of
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correspond to a particular velocity range, and setting the filter bandwidth to the
predetermined bandwidth that corresponds to the estimated velocity.
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[0012] The device's velocity is estimated by measuring a level crossing rate of a multipath
signa!. 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;
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illustrating an inplenentation of a denodul ation finger; [00181 FIG 4 is a

bl ock di gajésmssdibustrating an inplenentation of a filter pogtusoysishs N a
pilot fi®aoer;, [00191 FIG 5 illustrates a velocity response nodul e that

enpl oys a | ookup table. [0020] FIG 6,is a block diagramthat illustrates a
further inplenentation of a filter pa%h within a pilot filter; [0021] FIG
7 is a flowhart illustrating an operatlonal sequence i nvol ving inproved

pi | 017ki gnal FIG: Gdpa blook dia@Ranilustraiing 3n implemehiatichef 4 démddutdtion finger; an
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bl ock dipidptdifer;l | ustrating an inplementation of an automatic gain control

envw"ﬁ’ [0025th'5CzPu£nﬂa %@l&i@?&péﬁ%%%l@ﬁaﬁ?ﬁﬁlﬁ% QI&kuﬁBta%legnal in a noisy

onnent ; and shovmaﬂ? vel ocity
est [0080or | npFKdris ablaskstiagmoy fhat iysptserfwrthenimplemepgatipnoEadi
Comuni Cﬁhhﬁ lgﬂ\ﬁlltepnnent [0027] Bef ore describing the invention in detail,

t | el pf uI des a exa environnment in ich the jnvention may
U AR R R R s A A R
comrunl cagnalma: ronrrent s. FIG 1l illustrates such an envi ronrrent. [ 00281

10010y 5%@? 5.0 £GP AR B BB b SRS G0 o=

control | ahusthed®; a wi reI ess communi cations device (WD) 106, and a nobile

pl a 110 FIGO @ﬁ%%ﬁﬂ’g ﬂlghgm lfg+lﬁ controller 108.
Toggiozer base stggljgo hdﬁ& St hﬁl@%@r gcﬁ%‘%&zgrt%g’]part of a wireless
conth0Rdk at i onEI@ylé}(lérht(l‘N‘SS}@%m trating oimplementatinnrafianossteatic 89D 106. .
Thi s i nf gdrit@t eduRx Cchange provi des serw ces, such as cellular tel ephony,

and onal ni cati stem (PCS) .appli.cations. [00301 Thi,s exchange
FIREEF a1 OEfE el ropfhaRonihs an S URRRIS P68 SLBRRIR & DRy SERIONHEn g
corr[ﬂﬂ%]cat I ONBIGEh 32 asd B3 ar®bldcheltaprams shovwdng vslority estifaton implementatisps. a pi | ot
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 channel 116 BETAIEDDESGRIPTIOYQF IHEMNMENTIONNf or mati on, such as
digitally encoded voice and data. Pilot channel 114 carries pilot signals
to WCD 106 from base .statiqgn 102. Pilot signals enable WCD 106 to determ ne
the timhg of Commumicatiensfipyirnment

[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.

L [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 2 traffic charmel 116 are shown in FIG. 1. These channels enable the
transfer of information from base station 102 to WCD 106.

{0031) 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
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traffic channel 116. This timng determ nation enables WCD 106 to recei ve
and procQ¥QWHBmati on contained in the traffic signal s. PGUEB¥EPBMRese
traffic signals and pilot signals are CDVA signals. CDVA signals are
generated from synbol sequences through channelizing and spreadi ng
processes. Spreadi ng i nvol ves nultiplying a symbol sequence with a

Pl ves g e sGpsifis Shathel RFEnAck ot CeptBs o aer s VOB 6 Bodes.
Such codememmtl@rmmnimh'mammcmtam&imrthetrtﬁissrguhllsaneousl y share portions

exe:[r{;)tfi3 adIC([))NI&ﬁlgl gn;ﬁ?ﬁ(¥ S‘e@ér a%iﬁgﬁw%%essﬁ?#\?wegéﬁanm ng@ g@nbol

sequence, gew%ﬂwda&om Sym nseaﬂemsﬁdhgounht@lmmllzmaMIwaﬂmeprwes hen
spreadi ngu gy ﬂwea%m ﬁ%‘ e edifehd »ﬁttﬂé‘?ﬂé&&h%&dﬁ%&e Sicn2hla

sequences. Thi r eadl ng produces an 1 n-ph / sequence
and a qu@é‘?%?ﬂ?léﬂ SCIMICE ¢ fiianrelizingjavqives; the B#rag%omoq@ eligmgsequences

(not showBdesa&iRh b WalshRAUEAIREh thde eaibisthadiph rimifisso Sithulifandotyiyng ( QPSK)
and trans tted to[-]ng 6ﬁas an m%al 21I[l 034 descri bed above, pil ot
si gnal s 13 Q THAReney lrum reppt;n ng references for
tr ?f[ooasl sign aIAm &:q:reanp!ﬂmrr1 DM Assigmad geﬂerﬂimlpcocemelveidlﬁnniﬂmgaa symbolg

ref erenc t

Cynanr oniiaisags. Hich & £Sa%m SFuFleEL bfs. o a PR Raoq e Heh WRtBiOIR ., 1,
base st at'chamngid2d" sequentd mtlmquadmtwe ppinaf ENisequencesc hm spommg(fmmm to
coherent| Sapld" @@t&m@@% e 102.

[ 0035] d%ggp&%gh :Qunl cat evﬁggﬁaaspﬁ orta e te ephone As
i || ust r atie® aserﬁnmq@dr&turq/mui@es Isotaibwa@)rea they mednlated thrapghyawadiaare Mobi | e
pl atformpiaa&dnﬂek P@K)ahb&tansxﬁm@eidm@b@(mﬂrpmwctor 112. This

t shift t hat 106,
T oBc St aehuhed N Tlch sLetels A asE PR CBRSbH PEVIS 1 ai 1
anI ai rpl lamangm"femnges dartteaffip bighdls tramssiftad hevoszfirafficicisanoelt § 169 mﬁati:ﬁﬁga}] _ fa
relative C ..shift to
the RF s%fngng&ﬁ{aﬁ)ed%ﬁ?&%@%ﬁﬁ%ﬁ%&s{m%ﬁ%% p’%’ I's an ?’W‘ustration
of a r ecdhespreadingand chaoglizing Aoptioneperfaomed lvsebaSpetatlom h02.2BGdititiohy tliiss an
ant enna gﬁgééerefere’n@@ 16Ws W i 6o &ereafld ?mﬁ&ﬁéﬂé&ﬁﬁc‘ tﬁ%ﬁﬂrough ZCFEeﬁQJy ( AGC)

nodul e 2 ura |ty of denodul ation” f1ngers 208a 3n, “and a
conbi ner basergat ({“0‘(937[ Ant enna segnment 202 receives radi o frequency (RF)

t r aneessjsi ons WCDMO6Ra WmmilkERide 6vicd, ich@B & portabiéiteRPhORS Asliadtasd 102.
Antenna g in H1G. rit V\%B 16(9 swﬁacqled Eo Wobile platform 110. Mobile platform 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
a relatively high velocity sufficient to impart a noticeable Doppler shift to the RF signals.

1L Communications Device

{0036] FIG. 2 is an illustration of a receiver portion 200 of WCD 106. Receiver portion
200 incjudes 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 2 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.
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transm ssions received by antenna segnent 202 include pilot signals and
traffic %vl)é(gnaissslaransm tted across pilot channel 114 andPCrafshi/z3séhannel
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of these received signals may be a cggposite signal that includes a

plurality of nultipath conponents. | ti path conponents are individual RF
wavefronts that are enmtted by the same RF transmitter, but arrive at a

recei vi ngachnofcihese wkeivel sighdle maryt b atchmpositEhmgral diat fincludes pplukalitpof t he

resul t I stLructure
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transm t%@mtmbaml AR wéll bé @eécribbd belpw\WW D uoﬂ\ﬁm i&b@nff&sﬂ prooealhese to
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i ncl ude eompquientsare dascribedibelow in greﬂdm}etﬂ:wamftremuiom%rbﬁm ves el ectrical
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at 1.9 Gy hﬁéﬁoﬁmf SRR WithinRW D06, e NAdRRMAAIPE &RB1E tHeS sibfb@afedrk ect ri cal
signal s fromthe fre ue Slgi“’jﬁéilr%“ seba In addition, RF front end

204 may FRISEESSIOn 7 refeein ¢ ptenps WithHt anteiRe SeRett 202 i n
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centered at .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.
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(VGA) to anplify these signals after they are mxed down to an internediate

frequency (I1F) during the down conversion process described above. One or
mor e of 3681B1 i ficati on conponents have vari abl e gaPR3/USAHE38ER o
controll y AGC nodul e 206. [0043] As a result of the functions described
above, RF front end 204 produces a bageband signal set 220. Baseband signal
set 220 includes an in-phase (1) signal conponent 222 and a quadrature (Q)
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[0048] RF front end 204 passes baseband signal set 220 into each of demodulation fingers
208a-n. In turn, 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
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Denodul ation fingers 208 track nmulti path conponents by integrating received
pilot sivgmadgeoser a period of tinme to separate the powaCTiusoanssesul ti pat h
conponentt®¥em the total received power. This period of tine is based on RF
fadi ng characteristics. [0050] Each of, denodul ati on fingers 208 processes

Its respective signal pairing and outputs a correspondi ng synbol seqguence
230. These synbol sequences are sent to conbiner 210. Synbol sequences 230

mat ch cor2|4§spa;h’mﬁ demosiylablon fisgags208cte eadjubttheinperforsaneesd thatthep test adapttedul at ed,
and trangig eﬁﬁg&g@ﬁggﬁ%ﬁ@ﬁ%ﬁpgﬁéme&@rlﬁ@e station 102. [0051] In

addi tion t rece|V|n si_gna each denodul ati on flnger 208

recd00d vel odinop aupytfiem eaclyphfi nm2 &ownmléeqwcqss?ﬁpméummg Wel oci ty
estimat ec%hmih%!r 218, thérebi-p %@Q&n S, 36 su%%%ﬁb& 242
enabl es de uebg on f.i rL 8 to us g{'l a“’d:’formam so that they
may adapt®® iﬂm@q hipdy mu@ﬁ?? A% bewFighicd mod enproes MpaSEs or 112,
[0052] Up@apmuizeuie u&ﬂmcﬂ‘a&hbmédiyxﬂﬂﬂﬁ Equefiée 259y A vaduiSbeppaeatto pedody € sunmed
conblpqﬁ d 2%f’pr oducing a single synbol sequence 250. Before

sunnatlo each. individual sequence 230 may be wei ghted
and/[0853pr ocesﬁd anmabind( diagtam dinsh'ail@am lmaplpneehtatipn of fingab208:d Thjsnbol

k
0053 piEBlepehfadtidnibIh yBRERY by ihelifl RffTaua As gwé%e“i‘?o%%gﬁ*?f“ngiits
208. Thi @08|mqmmmbaeqmcegmeca5t@raﬂ&@BN1dysm@su304 ptrefficehannst decoderes.  As
shown i.n 3Gy w%lo&ﬂly%ﬁlgons%@%ﬂo%ram dRcddlir %@Guﬁflﬁﬁt%{&?rﬁb%d?@%a a2 PN

despreader 304, a i ¢ channel decoder 306, a velocity responsive pil ot
channel = deBwdpiatosdd2. o pilot filter 310 and a data denodul ator 312. [0054]

PN segsmgnce QQ’fNEE c@é&mﬂﬁﬁ@ﬂﬂtg@ﬁeﬁtﬂ?lﬁ B¢ @efieace 5320 Asht tidgdnt ke PBENt to PN
despread 304 Q%ﬁﬂ { @cl udes, an P%ﬁhase éé PNHfS’ﬁ uence
322, whi l?fﬁadeé T seqiEps se pludes A dnpheses VR Fe (O PN
sequence akigded wfﬂldhlgnal cahpanestd22, thd @ qradpatire QPPN rvequen2® 324, [vilfidbjs PN

despr ead ignal set 220 and processes it with PN
squence%gépcgggﬁig%&igucg&%ﬂg r‘gag signal set 326. IODespread si gnal set 326
i ncl @888 an |HN @n@s@d@w%ww@aba@b sigaal sehA20 andjpeaesseit vitlQOPNdespr ead
si gnal 3%@3 25 ﬁﬁﬁ%ﬂuce% BehrE&RNEenatl 6t BLE BB eshr SR gnafiet IXFintlAdEEHOder s 306

and 308 co ecodes traf Si gnal™ caqn d i1 n _despread
si gnal sé’c’l' I)%FB‘ ‘{ﬁéﬁ'@g ??l% ('{Zh‘gﬁﬁ gs%@é@éfapﬁgesl’ﬁé‘éﬁver ing a
traf fic sa(p}rsai\dsldw@bwﬁgﬁil@etmee to@ecodsrs306 8420 channel i zi ng code, such as
code t d, by .b est tio t ode,t fic
Si \éﬁlgﬁgk]Decod B%B:’g)éu (g Rickadratfic signpl sop Paé?eg H%?ﬂ{%%c A %g’&é Thid
decoding 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-phase 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-
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t hrough an accunul ati on process. Accunul ation invol ves correl ating despread

signal set 326 with one or nore channelizing codes. Decoder 306 produces a *
baseband W éﬁmws sequence set 332. Traffic sequence set BIUINEPRBes an

I n- phase Pric sequence 334 and a quadrature pilot sequence 336. [0057)
Decoder 308 decodes a pilot signal congained in despread signal set 326

t hrough the decovering and accunul ati on techni ques descri bed above with

reference to dec 306. ., Thi s decadi oduces..a haseband pil ot sequence
set 338. meisegeliq g%ﬁéh%&%@?é@@iﬂ F’lrsE?lﬁrdEgOtpélFPf A0 asrbapd segbepsefee 340 and
a quadr at3p8go plimdtatcasisefion pildseqhéith S¢t DSCHEADLY iddeasipdtsFMR per f orm

suont0aB6h " <r, 8 BRering roc P pridioss K Al BLotRRPAE Ao, BIED ds<Bt 8Os “ana
308 cor r edateodethddnlatdrsd e Filteredgilotstqeeneepit 394 ihcindes acinephase (Iffikerctipioal i t y
Cthin b , 0 , g : ¢
For 't he. dReRR 6 aialite ) dllerRipift SorltaR, PRSHIATIR L0 o n0C.
denodul atf@dter haying@ kandwidth that chiingecwitly velorisy vertobl12t han émplembntatior 6f APRI L
2006 WO ' ' SNR) of i ved
. %(o@ﬁﬁ@#ﬁoﬁgﬁéééﬁ@f_ | té’&ﬁ:ﬁgﬁﬁ %%r / RefRhSSo MGl 8 (SNR) of receive

pilot signals._ P asepand sequence set 338 to

ol i fO08LIc. noi Jaate Aemoduleler 3 WaiservRsseaiononsels 332 7ed af DA demeiulgor i ShR
[0060] Thyefriehid &%hﬁ&&ct&@fé@sﬁmﬁ)m@ﬁ%?baﬁtkﬁﬁﬁd 304 AhispbefFereasd 344,
y

which is sent to .dat e | at.or . Fi r.ed .pi L ot .sequence 344

el udes SbiendfindeBORRST iAo Bultrently Genlodulpfriterang Bt SR 2 o (O
filtered iptd symbebspgeanse 2308 OuBput signili230ds sl b ¢amlindr@ilpass filter having a
bandw dt h that changes with velocity vector 112. An inplenmentation of pilot
filter 310 is described in greater detail with reference to FIG 4. [0061]
Dat a denodul ator 312 receives sequence sets 332 and 344. Data denodul at or

312 retrevesyaol géecPeAndrom filtered pilot sequence set 344. This
phase reference e%l&gg dat a den%dul ator 312 to coherently denodul ate

baseband traffic sequence set 332 into synbol sequence 230. CQutput signal
230 {ow6zEnt t@eﬁfaﬂe@aﬁbiﬂggiioﬂ\mtevguoﬁi ateedaansd dMiteffdebdriptiomef DEPMa] Before

d i bi i|ot filter 310, i t i | i ef ..d i pti.on of
boppl or e ahjbaisFrodaed, VT Sedbr (2 Bwey S Berbriednssto g’y ¢ he
posi t i ons102fand 3¥ED061 define a tel2tivvelogtpbdid@en WEED 106 andrbasestation 16% This t v

Do _ . . _ iy o 1¢ ‘e of
ohange i FRtvE eBElty RARE ral f ctdled Wi 1t o B r dEGEAReVeeh WERF Ta1E ©
stati on 106 angpasesiationtlilenBycenvention relativecyielggity ds pastiveiwhen W{dA 10€and 06 and
base st atp£8sthiien BiXard BFroAhiHgTte.( Whéh the WiRAcd i3 Gedtbaiit)G8d hézafioSwRas | NY) |

the o ot ace> {08 pitbasssiahgs 104 sre depiun ey avhpd o pgocedt Brerpenits): AMioppl or
f r equencyrehdtivt tveloditp deerminas 2 Dopile2freqiegoy stiiftdn Bhse station 102 originated 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.

wf
Ja= -
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 ¢ 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.



signals that are received by WCD 106. [0063] For base station 102
transmi ssions received by WCD 106, Equation (1) provides Doppler frd§a&REy2006
shift magnitudes as a function of relative velocity. .d - C (1) In Equation

(1), fd wmoedsstioppl er frequency shift nmagnitude for rececragsoysmeal s, v is
the rel 880%%e velocity in neters per second, f is the frequency of
transm ssion in Hertz, and c is the speed of light in nmeters per second.

[0064] Table 1 provides a |ist of Doppler frequency shifts for an exenplary

set of velocities. At each of the listed velocities, corresponding shifts
for a celfofar—bamd—trangm ssion at 800 Wz —anmd—a PC transm ssion at
1.9 GHz are furnished. 18 |APRIL 2006 WD 03f036813 000276 9| PCT/ US02/ 33868
Cel | ul ar Band (800) PCS Banaefthla? Bah{80b}Z Ep@gd;hﬁdsg OHz 30 knR2.22
Hz52. 77 100 km hr74. 08 |Hz175. 300 km br222.24 Hz527\ 72 Hz Table 1

[ 00651 When base station 202 and 106 _hhve a relative ap roachi ng
velocity,| fd is positive[ This positive mpgnitude yields ah upward
frequency| shift forRF signals received by}]WD 106. However| when base
station keafls WCD 106 have a rel at BV@Rgeparting vel®®¥Hz| fd i s negati ve.
This resufts in a downwarq frequency shift|for RF signals received by WCD
106. 100661 Conventi onal ;i lot filters havg a fixed bandw dt h. These fi xed
bandwi dt h| 30kthers can calse degr ad@d.2@El2 106 perfor 5Q/70dla p two situations.
The firstfsitaarton occuarg wnen ~WCD 100 g | )2 have a

rel ative elocity that, bdsed on the fixed{pilot filter bandwidth, is
great er they lawhtipper vel ch|ty threghgﬂsqm/ Such rella'gqu proachi ng

vel oci ti es~Taose—upward—regquency—strfts—T—theRF—stgmat—s—r ecei ved by WCD
106 frompase station 103. 100671 Upward frequency shifts pf RF signals
increase tmlgﬁmplwl dth of correspor@qmﬂg)v\n converﬁgqeyzqng als. In the
cont ext Oof¥—the~H-rger—208-+Hplerentat-t+eon—deserbed-wth—+ef erence to FIG

3, an upward Doppler frequency shift of RF signals recel ved t hrough

ant enna

segnent 202 wirHﬂeilncr ease the bandw dth of sequences wi thin baseband pil ot

[0065)

(0066]

bandwidth, is greater than an upper velocity threshold V.

When base station 102 and WCD 106 have a relative approaching velocity, f; 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, fyis negative. This results in a downward frequency shift for RF signals received
by WCD 106.
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

Such relative approaching

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

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.

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

[0067]

[0068)
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sequence set 338 (i.e., sequences 340 and 342). If such bandw dth increases

exceed the fixed bandw dth of a conventi onal pilot filter, then sequences
wi thin fwoesesipi | ot sequence set 344 (i.e., sequences PeTRISanGB88818) wil |
be di st o®®®# These distortions result in WD 106 losing its ability to
fully track pilot signals, which uItlﬁPtel y causes degraded traffic signal
reception. 10068) The second situation that can cause degraded WCD 106
performance occurs when WCD 106 and base station 102 have a rel ative

vel oci t y bardwidthyisdess than alnwer volecityghieshold Vit Bhenghenehitive elodityilaveg/ 036813

PCT/ USO2A33848 tﬁ%%&gaﬂﬁﬂ&lﬁﬂ' &fts ue‘n%esI @ﬁlﬁntbgﬁﬁ hr 9 egFéi{cQEﬂt%St hreshol d

VL. When the relative velocity Is e _bandw dth‘

of sequerﬁb‘ésseﬂﬁmﬁﬁwa@é@éﬁha%ﬂ@lwg@&&}%@@ hapd v;ggi@bo(a cenventionalipileles 340
?nldt 342) mﬂéﬁ m%bﬁtrz%étt?fdidﬁoﬁx?g i{lb%@ éhaéhdmmthaﬁﬁn &u@?ﬁﬁﬁﬂﬁé&ﬁ‘ﬁ%mﬂﬂs@t

ilter. as of nces i S ation_causes
ext raneoﬁ e’ﬁ%‘?i‘bas( 3‘I‘t§ f"@iﬁeieﬁgﬂ’g “ééj“‘bfat‘g e BERIGNGHSi ¥ nt‘ﬂ tefRd PIRY| yded i n
t he sequeapeAcesdt B4 (ieL%eqv.edcqsl 346 ands84f)eTids ertraibdds (bise.resubiedhances 346
and 348) . Thi Stgﬁl ?ﬁﬂcﬂ;eous noi se results in an unacceptable SNR [0069] To

prevent t“H%“SP ns and out-of-band noise that occur in these
si t (@806%ns, piToprevehithe distodticnsiand ovtrofebipdi noisdthet drawdinitiiish sititipss, pdotdwi dth i s

d ' mg‘;% f;%%_%! NERk SNR  As
eigﬁgsggéﬁ @q%g%ﬁq?ﬁﬁ Qﬁ“sqtdﬁg nitu g | ng’ at lk)éd XI r%sr%a%gs& bl e

Doppl er ﬁhwm@sﬁe gﬁveﬂqczﬁ'a@tombt?E . iis|exprspsed im Eavation (1), tis megeipideon of RF
si gnal s fiﬁcﬁéﬁt&&ﬁ@m&hﬂ{ é%nﬁ@ﬁw dyRRBifAROWICLY 166 wildacdfier iiCT €ases,

i ncreased. Thi s enabl es

t he band dt h of kg,t fl h;tq@ g @2
derpdul a %Wc?ﬂnl‘n‘ﬂé’f 3 ﬂs‘?sﬁa@né tespondi ng pilot signal conponent.
Si mifeea0]y, as AMGR: LOl6cisy ORWCIDWOS ihdreashs sk batidividth ofipilot fifter 31ris A6 | S

oi | ot <1 gparised 7 ERERRBtes Brlodfallol s 2R3 ek s RSSEBBRIMy for Bl 11T 1

baseband component.e Streilarh3 astWCEI 106 slows down; the Handwidth o pilobfiliemtld set 338.
To perf OramoHHnﬁaﬂSﬂe% uencégﬂm % hgﬁdrh bahdyidi AedbdshdSror gﬁétwe?’ ilot B@H&l (not

shown) for each aseband sequence “set anpl es of
filter pé{aﬁhpﬂﬂpl enentations are described belowwith reference to FI G 4-6.

[ 00T&971F! G 4A§de§crﬁb@ﬁ&cdi,§§6tﬁﬁudrbhﬂlﬁltérabhdaﬂmﬂ% ﬁeﬂceﬁamam Qﬁnﬂﬁtea filter

path wi thin &glot filter ﬁmg Fiﬁ){hﬁﬁﬁtatlogﬁﬁg 1@% plnloggtlon

node 402 Rokedrompiiot ﬁﬁ"ﬂuméet
408, and pathMabtxhbtvy) foe spdnequennd whthiniflebanbeequatdaosst Mél‘vméxamiﬂbmf node 408

and {53 ARG Mu e AR Ly S SeRbaRK o kRIPA 12, Touether

t hese el enen ass, first- order

[ enment a
i nf i1 | mpulHE. 4 @ggm@ha(m;ﬂustrm@anmplen@n&mgn af Blteraiath within pilott .
filter 310. This implementation includes a multiplication 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. Qutput 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
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[0073] Multiplication node 402 receives an input sequence 420. |nput

sequence ' sequence of pilot sequence set 338. T
i mpl ener%vogf!j%’d)h&slgom in FIG 3, input sequence 420 is e? E"eurS ﬂj‘{ugias

sequence 340 or quadrature sequence 342. |nput sequence 420 is sent to
mul tiplication node 402, where it isliultiplied with a first control signal
430. This multiplication results in the generation of an internediate

sequenceseég&cebafs Efcﬁﬁ&!l‘aﬁirgﬁlt&%ﬁ% 8&&& 548, %@Heseﬁbealéﬂa?ém fedfRe 404

wWithin f ack I nt ermedi at e sequence 402
i s addedtodil @W@Eé%@ﬂc%@ﬁ}éﬁ%tﬁﬂﬁtadméd“1§@h§1%t|on of feedback sequence

428ppsdescri Mdhﬁh%\/belhg@gzﬁ]tz gzmtdoﬂﬂlaﬂ@?@% %h lﬁrs@cﬁieﬁ@é;t;:mfhs?&?t?@lt ot
sequence sequen i 0 s.of filter pilo
sequence? é @Oj’bg%h?}y g‘?‘ﬁ’ ‘@ﬁénﬁ%? i“r’r@h‘?@’tﬂl’ Gﬁ"‘i?g%‘ % PhGUing;tis,

r ef er encéeliyg delagnode 408 gepertes e delepedseqiehce 4261 Délayed wdsmaé% islsttted pi | ot

quadr at il 08 e RS o S0 AT R 2 T, e

to FIG mpltxpdmmmm&eﬁﬂ@clamucmeﬁﬂt As desgribed aborvo,dutdixack seqadnceBRH75] | n
addi tion; e&;ﬁ‘% (Ut put sequence 424 is sent
to del aytagg‘gﬁog'gt 1&%@%%%3 ncur s aé(ﬁﬁl ay of one discrete tinme step.
By i0R0k ri ng antol signals430jamd43 GUeaddeg%éfﬁlaﬁé‘é resperseapednle dhbdmce 426.

Del ayed Bﬁﬁre{’o%ﬁyirﬁh&ﬁﬂhs ﬁ:@elvéﬂlﬁ’ém%loeﬁf' ésBithafel P9 24 A8 shoWiBh FIG.13, | S
rrultlplle with a sec

nal .This tiplicatiaqn yields
eetbac kv desiirsnensezaotie Hlketstvessutirionty tdithione el HEEOEa 5 hdded
to int erM| ngwaecmammsnmmmm viéldcityf reSptimke fodile 410 si gnal s

430 and édﬁ“%?{hgtb%g&‘%ﬁ ﬁﬁ% |ty response nodule 410 in response to °

velocity necrece romvel ocity estimator -212. As shown in FIG
3, [M0&Tbcity Aqsghtmmcdd@lmonsh@ meayetistdstvngy the wilussiof gontral signals 43¢ as

vel 0C { yaPE3ATaRG: BiGHAL by 4Ry BY) Wf&g;:&ﬁ@vm%%w@ﬁ%@%m?na' s 430

and 432, velocity response rm ot filter

310. [oofmftm gﬁmwﬁw@a sigmpb242omagnimde fxpesesast aspd: the value pbcuiolies of
control gi qbgnﬁg(i,er eseﬁf’aaasl-iar vpstance by usmg a(v) to represent the

val cont .as_a clio it na nal 242

Wﬁ?ﬁﬁe (exbp@ﬁa e 434 if fuPrpsred el Bofauafpn () Fhafisdh k, Sd
repr esentepresersts onifol) sigfal Gr30] lmvpmpraenme:mmolﬁgnélsdfﬁx y(edp eprésentow i n
Equati on ntrol signal 430, 1-o(v)
represengéslg%egn%eg%%ﬁgésj?igéﬁa d%@%%y&lf)lﬁﬁg titszl}ﬁj)del ayed sequence 426, and
x(n) represents input sequence 420. y(n) (I o(v))y(n-1) + a(v)x(n) (2)
[0079] The bandw d efpl L1 t.,e&( I's expr ed below in Equation (3)
as a function of %@?}t r(olok??)édr}al)s g&g)nd 432. ??Equatlon (3), PSR
represents the synbol rate of input

[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)?
Soan = =5 00 (1' 2(1-a(v))] @)

fooso] Equation (3) illustrates that the bandwidth of pilot filter 310 is dependent on the
gain parameter, ov). Specifically, as ofVv) inicreases, 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

ov).



sequence 420. (3) [0080] Equation (3) illustrates that the bandwi dth BfAFRIL 2006
pilot filter 310 i s dependent on the gain paraneter, o(v). Specifically, as .
o(v) i ncr%&%ﬁ"mﬁ'ﬁe bandwi dth of pilot filter 310 al so | meTazssesssdhus,
velocity onse nodul e 410 transl at es the velocity indicator, v,

communi cated by velocity estimate sig 242 into a gain, a(v) for the pilot
filter. [0081] Vel oci ty response nodu e 410 may perform t his transl ation

usi | ooku ored [ nor Al ternativel vel ocity response
moddde 1 rra&é I‘%S‘P qr}d'ﬁooetwé?spa@q medile, 41Q. fiat pEmLae ﬁylﬁ‘élﬂwgen t he

magm t udealslé. Veloaity tesp. @s& imGRiute 41 0ikaluded? quantizativst méddle 565Rnd @MdekupAds = 2n

cos' ~i 2(&{]?1 ég% I 18 APRI L 2006 WO 03/ 036813 000276 12 PCT/ US02/ 33868

[ 0082] FI s an illustration of velocity response nodul e 410 that

enpl{e883] a | ookKhpntizatioh moditel 562 mopmeegqﬂmlwmmatu klgnail 282 ambdonverts itinto a

302 r ccor st ket 10, PRe® co 91D m B8 e ¥F kB e bR ARy 0T T ©

range cocrélesqeachaeahyemdt@d@sa alb@D@E@OQSfV@CWLIﬂBga t Lookupdiabler¥¥e val ues,
where eagloit iendetdle 318 ind oRBlts! o tiritep &:ﬂiﬁg‘t St St Ust l¥tab RREE thel OOKUP
tabl e 504 recelves range cod and out correspondi ng paraneter set
that est dBndwidasofmlot filter3% ﬂchaéf’omlét ﬁ?@?ﬂ@iﬁ such as control signals
430 [tetmti] 432. [Aalﬁ&ﬁ bh Bqhdtivag V(2ﬁﬁn@(3pﬁﬁ>zl(d3)foﬂﬁ¢e ﬁtaﬁge Zeggnm rtal n
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pilot filter 310. A conirol module 602 is-coupled to a plurality of filter components 604a
through 604n. Each of filter components 604 has a distinct bandwidth that matches a
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 medule 602 selects one of fiiter
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. In step 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 distortionto
pilot signals received by WCD 106.
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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.
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[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. '

[01603) 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 estifnates 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 a received signal, the noise components adversely contribute 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 fo 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 belpw in Equation (4).
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ti meanlhn C%te ore thvwi'l(ffsQeresfo fea eserr%li' oyed hy 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 Ty represents a low hysteresis threshold level.

if (s(m) <Ty) §
if (thresholdFlag == 0) {
levelCrossingCounter++;

thresholdFlag=1;
}
else if (s(n) > Tw) {
. if (thresholdFlag == 1)
levelCrossingCounter++;
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received in a noise free system its power traverses a | evel crossing

threshol d value only once. [01121 In order to decrease the effect of a
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enpl oys PP crossing hysteresis. This hysteresis feature enploys a high
threshold and a | ow threshol d. Accordifpg to this feature, a signal's
anplitude is not considered to cross the enployed threshold |evel unless it
starts bel ow the | ower hysteresis threshold (set N dB | ower than the

enpl oyed t hr eshol d | evel ) and then crosses the upper hysteresis threshold
(set M dB hi gher t hhmslididFlegplpyed threshold level), or vice versa. [0113]
For a particul,ar signal, the threshold level that results in a nmaxi num
nunber of Ievél crossings is one half of the signal=s RV5 signal power.
However, any level relative to the RMS power |evel maybe used. In an
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noise ¢ or\“b‘aHB $ation ga&qs laﬁZa and 1202b, a lowpass filter 1204, a power calculation module
1206, a symbol quene 1208, an RMS power calculation module 1210, a threshold
computation module 1212, a counter 1214, and a lookup table 1216.

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,

L [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.

10120) 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.

[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.



a noisy estimate of the nultipath signal. This high hysteresis thresh®ABRIIS2006
denoted as TH and the |ower hysteresis threshold is denoted as TL. The

pr edet er RygasoicgfLshol d I evel to determne |evel crossingsyg own) is

at a powef002%vel that is between hysteresis thresholds and T TL. Wen
the hysteresis algorithmis applied tqQ this noisy signal esti mate, | evel
crossings are considered to occur only®at points denoted in FIG 11 by "X".
[0116] FIG 12 is a block diagramillustrating a first inplenentation of

vel of0129] estQueat d2021%2,a fiwhiin Hirgnpit (FEFOhbufferst Quess 4268 das atdepitdemer i bed

?E%SSsTPW%B%%B&mﬁ”ﬂ?@ﬁﬁ%ﬂ?&%@#@aﬁ%@%ﬁéﬁé&aﬁ i 22‘238’8 :
an RVB popwyersalcylation mﬂulqu@&OeTll@mrmlzpltqnwsW@Bdela&mmgmeqmcnﬂam e 1212,

a count er g2 ldd. Aicladed Rk &g[:@ 48 coluftdrlid14A voltage estimate 244 is
received from AGC rra[)ﬁetji | e ei él pl Fgatgl;%n nodes 1202a and 1202b. At

t hes®133les Coppter 434 egliqtﬁﬁleémzmr Pk leyel erogsings ol onengy seguance d 24husing
sequence tdshblds hzaetaaﬂclzmlt@tpr@ﬁww&eﬁﬂn &?@eodnﬁﬁé&[n HbiRink GRER ON nodes

1202 d 1202b d t hat band
sequence. SAUSBEDYER T ooER COEL 746, IS Seht R B ?abisdé %ﬁiﬁuf‘g 206
r enoyeidd] Sedekumetablet121@ 8faps the humibar of fevelvrgssinge(as ﬁﬂhmtvdebyl:&ﬁﬁ welr&j {Hat

trat to | ow pass
iTter 1ot GhEH ot indt 3 s BRANANERCRT THE oo il onlaf ° 1 oce
sequence iﬂastyemtimqtya%ﬁaﬁdﬁemanwmb@ﬁiEmatmmnebmmemedwnﬂum e 1206
recei ves kﬁi;&[ﬂ%fé PRSI Ghuck gﬂe&%ﬂtaﬁ&ﬁ E&lﬂi‘ib%gfuiefiat e} mdu?l%@fgopower

[0120] To ca at e 1 nstant aneous power, power c
conput es eh@atem of t he squares of each sequence within filtered sequence

seéI l{tﬂaﬁlz Sg A %tadoﬁfll %ﬁ@éﬂtﬂmﬁﬂuﬁwwﬁneﬁuﬁmﬁ D13 i YHOWIPVIFIG.C 83, Cuiilﬂ% |7 onP
noaul e ou Ut s ) n ane wer .as Yy e epce ower
CPonar 1o3wipbedEicn i sorilatro Do AR R ohorn 0PI 125 O RSB 1210
[0121] RMmlementaticiscrd the sane from thexedéption ofivaltage estanae T30 M@nemﬁqu ence

1238 US: 10t ey SHRREL T3 HoRUIShe Ao ARRRAHEIN B KALUER: Bl SRS geduence

1237. ence’'value 1's sen dul e
1212. Thredﬁﬁr@t@mpm ation nodule 1212 uses the predeterm ned hystere5| S

val u a b cHidB ¢vel
cros?lﬁng]wt hrqgst,lﬁ%l g‘?‘ 12 ?ndghf%ﬂ h%g&tﬁkggg’ﬁ::oxp %ge@égfggh%gg% a |level

crossi ng POUFGicusion qual nBH, asindhe Pwswzﬂestbwcoa@ozm 18
[0122] QuikislerhéMBtibrs RMS pbwér celeufatiowinodule niﬁi sléﬁ?)s Séamr Qqﬁanee 12R3% has a

T R R T AT
queue 1202/xdwhaly:sc TepEESENYS RMﬂ,m séfniBiice 1238 and 2/x isa normahzmg factor 1320,
[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, ﬁowevw, 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 tabie 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.




18 APRIL 2006
and sends a del ayed energy sequence 1244 to counter 1214. [0123] Counter

1214 counts the nunber of |evel crossings of energy sequence 1244 usi ng

t hr eshol WMH¥§1hnd 1242 to provide hysteresis in the cobhPPRY33#4§

perform ng such counting, counter 1214 outputs a count 1246, which is sent
to | ookup table 1216. [0124] Lookup teble 1216 maps the nunber of |evel
crossings (as indicated by count 1246) that occur in a given period of time
to an es{ll mt@%cﬁi&m ty. The velocity estinate is output as velocity
estimate 246 ernatively, velocity estimator 212 maybe i npl enent ed

wi t hout | ookup table 1216. In such inplenmentations, count 1246 is used

di * R0Y  2A7H1e ARG EifibodiBiduiP e E%&fﬂm&nﬁﬁﬁ %80k bow SRS A8 5E Vel 00Tty

estlrrator 212 is shown in l'ementation s simlar to the

i npl emerthgilddie widststrqd they @ey:bzve bwnfpaescentes&thay RbexuBpie o0l s8d 2Pk t he same
fromt hqlmmlz ! IThits,Ahe brRdtBGAd Q&fpb oBihe pZéként?ﬁvé:ﬁi@ngﬂ&ﬁa abi MIITIMCI lle,ner ay
sequence Seco ment ati o S el” crossings
|nq a dlq‘“ﬁ’e‘?gﬁ?% gf’éc"lf"@‘ifé‘fmi’ﬁnf ﬂ@ngg‘ﬁ'&?'ﬂﬁ anlé'?’r@‘%luﬁ’&t&@ﬂ sequenge
1237 is amm@mmmngmﬁu&ﬁdthammwbml ati on nodul e 1210 as in the
F .

LB SO e Sl B8 o SR B A 0"

factor ntmadtamr& go@pongntsadihiess setp areaassqmatnd)m &QPSX0modualation. dﬁwmndha)ut puts

2/ X, 3ébcil figt | zi ng
fact or e%;gso | éﬁ?ﬁgﬁf eRlé[1;02)Dn ftggt or %ﬁé%lg%%}s%%ea ﬁl"é"a’f’l cat] on node
1304, whneds %}%eﬂv@we&egheswww@ﬁé?w@mﬁé@ww B%eega@nls, 1208.

Ml tipligehkisas ésﬁ&ﬂatealhhthﬂimﬁﬁfhmssﬁlﬁ kéyahié SBPSK) ariiatlatdesny Hor nel i zed
sequence,, 1 22. Nornmlized sequence 1322 represents delayed energy sequence
1244 norﬂ%ﬁ?ﬁ‘é‘ﬂpw ne-hal f of RVS power sequence 1238. [0128] Nornalized
seqmazie 132 additiors although the implemesitatiohs ofivilobity estnnaot 2R deserited abbvd evel

whore | cornrm el E byl RN Bl i, TR B By © 12

i mpl enme npe;fqnmrsudi esnmatlombrouglbthn peniodiomanitering ofdhe ﬁw@eéwlemtsnﬂlmmol ds that

remain c n gﬁﬁﬂ are shown in FIG. 13 as hlgh
thresholﬁfﬁggﬁéaﬁggl ﬂgF §€gﬁ&ﬂ9¢%ﬁi i rpl ement ati on

confQladk hyyrtherare tht PEERt fagenfipRomay becrmelpyedat B era val ue
pr OportIwﬁhmheataﬂseﬁﬁm@m@tmoiaﬁ&veﬂ@@z%m er 1214 outputs a count
1328, which is sent to | ookup table 1216 to determi ne velocity estimate
246. In the second inplenmentation, as in the first inplenentation, |ookup
table 1216 is optional. Thus, count 1328 nay be used directly, or velocity
estimate 246 nmay be calculated fromit. 18 APRIL 2006 WD O 310 36 8 1 3
PCT/ US02/ 33868 000276 19




V. Conclusion [0130] While various enbodi nrents of the present invention have
been descri bed above, it should be understood that they have been 1pABEN2006
by way of exanmple only, and not I|imtation. Thus, the breadth and scope of
the present invention should not be limted by any of the above-described
exenpl ary enbodi nents, but should be defined only in accordance with the
follow ng clains and the| r equi val ent 20 10131] For instance, the above
description |nvoIves signal and synbol sets having in-phase and quadrature
conponents. &mlﬁﬁls are associated with QPSK nodul ati on. However, the
present invent enpl oy other types of signal sets that are associ ated
with other nodulation techniques. These sets may include any nunber of
conponents. For exanple, such sets may be associated with binary phase
shift keying (BPSK)Aamethodc (ofidEnmaripg of esrmgqt@nc@frp@rﬁemal jno 23 Zirejess

addi tion, fg city estimator 212 descri bed
above per%’?ﬁlﬁﬁggpn}:?%}bg@egu Ohhﬁggth% eéve' Crossi ng neasurenents,

vel ocity estimator @12 rmymap@ﬂerMOsm}chf&stW@BtHaeﬂsd oha devgherbéséngatel odi C
nmoni t ori ng_of t ice's location r.ou service as the gl obal
posi ti oni ge %’VE? é:%) °0T51f§3]ra\@6§"’i arrgllséercst‘%éa’lg@sl?ﬂlﬁ'a‘ﬂggyﬁp YIRET pr esent

i nvent i ont{Fg¥oldene ANbWiaBreiibl®Agr communi cations environnments that do not
involve 1S-95 or CDVA. 18 APRIL 2006 20 CLAIMS 1. A nethod of inproving the
reception of a sign@) i radiusiingeq dier bapdwiddl dmttheo Ny Cle\n cresRoR@DYO thonpri si ng
the steps | evel
Crossing r%ﬁ atéda‘)ace(f%ﬁ&’m negE%a 3m¥0€du8&6'{(%lfl}%esetan(g\c}l\eé\gglm%g%aﬁg/steresi S range
bounded by an upper threshold and a | ower threshold; and (b) adjusting a
filter bandw dih i ﬁ%a seto he estln%ted velocity, to
ntigate the i trod P EF“&IFtEE toppIseLtng fEPsPignal . " 2. The

net hod of claiml, erei'n@re§§1 th@)ﬁlféf)ﬂ’ﬂ{d'w‘i&ﬁ atslﬁ%éshﬁﬁ&dqeldc 1ﬂc?é&§€saS' ng the
filter bandwidth as the estim ed vel ocity I ncreases; decreasing the
filter bapethi dth as the estimated vel ocity decreases. 3 The met hod of claim
1, wherein steps a) n r a I currl tinme
increnments. 4. The ?rit o&c?c e%E; g’l%nﬁh%l:p%grlélﬂﬁ?@ﬁg&gmgtg&Véi?csl%adéﬁ{e%%?' si gnal .
5. The nmethod of claim1, wherein step (b) corrprlses t he steps of : (1)

provi ding a pl ur aI it red?t r.m ned bandw dt hs, f %)EI n ea
C

e metﬁ) aim 1, wherein steps a) an are pe ormed at

periodically-occurring time increments.
4. The method of claim 1, wherein the signal is a pilot signal.

5. The method of claim 1, wherein step (b) comprises the steps of:
(1)  providing a plurality of predetermined bandwidths, wherein each
predetermined bandwidth corresponds to a particular velocity range; and
(2) setting the filter bandwidth to one of the plurality of predetermined

bandwidths that corresponds to the estimated velocity.

6. The method of claim 5, wherein step (1)} includes the step of providing a
plurality of filter components, wherein each filter component has a corresponding

bandwidth.



predet erm ned bandw dth corresponds to a particular velocity range; and (2)
setting the filter bandwidth to one of the plurality of predeterni nSdA®PRIL 2006
bandw dt hs that corresponds to the estimated velocity. 6. The nethod of
claim5, wherein step (1) includes the step of providing a plurality of
filter conponents, wherein each filter conponent has a corresponding

bandw dth. 18 APRIL 2006 21 7. The nmet3tod of claim5, wherein step (1)

i ncludes the step of providing a |ookup table that translates a velocity
estimate into one or nore filter paraneters, wherein the one or nore filter

par anet ers det & mi nEhg methp |of glairp g aiersithsters (1) Andydasdhe ptep of povising g t he
reception é?)fkuﬁta%'&ﬂgt'tra!nﬁa szEl%k‘ﬁf%su{l& Tt Unk a‘é%} h%?esﬁﬂ&ﬁ:l fa%lés Wherein

conprising: a velocity estimtor es a ve e based on
a |level cﬂmsmemgnmnaﬁba@&hamnrmﬁﬂmhmﬁﬁﬂeﬁhmdmn@WEmE traversal of a
hysteresi s range bounded by an upper threshold and a |ower threshold; and a

filter having a bandwidth that is adjusted in response to velocity estinate,

to nitigate tRe i nArQ@ushi R BhpBPing eﬂ@néecgptﬁ;nororfl PNsifal t e aSiviRddss 9. The
system of claim@8, wherein said fllter is adapted to increase the filter
bandwi dt h cersmunigatioss deviee VD), mpyisingcr eases, and decrease the filter

bandwi dth as theceRl bRAGk 6 B IoEA5RS St el B o KL R Rk 21 ©

wherein the signa e SysS
said filt este deoemiinedbased opldohfpldté yraMSapbédeltyaemllmgaamdmﬂemhsan ufpee ei n each

pr edet er m ne andw dth correspgnds to a particular velocity range; and
neans fort @%&‘Pﬁr‘?@' l@wer theeghol ‘E&'l‘?gvm dth to one of the plurality of

predet erm ned ,apdwhdhba Eah&&ucﬁlﬂl’(a@%d%lﬁ%’ie&& fe?ﬁon@éftd Wabeitly YeinRed ky. 12
The method of claim1, Wherein a |evel ¢rossing is determ ned each tine a

si gnal pomhgﬁb%@ﬂm@uctmrmfn@fsetahtbdllatpg!(@lrteﬁwwgmhge and conpletely traverses
the hysteresis range. 13. The nethod of claim8, wherein a | evel crossing
is determ ned each time a signal power begins outside of the hysteresis
range and conpbet el Yhé 5awdi s£8ainh 8, whateih ahidSilter toadapted to increase the filter

bandwidth as the estimated velocity increases, and decrease the filter bandwidth as the

estimated velocity decreases.
10.  The system of claim 8, wherein the signal is a pilot signal.

11. The system of claim 8, wherein said filter comprises:

a plurality of predetermined bandwidths, wherein each predetermined bandwidth
corresponds to a particular velocity range; and

means for setting the filter bandwidth to one of the plurality of predetermined

bandwidths that corresponds to the estimated velocity.

12.  The method of claim 1, wherein a level crossing is determined each time a
signal power begins outside of the hysteresis range and completely traverses the

hysteresis range.

13.  The method of claim 8, wherein a level crossing is determined each time a
signal power begins outside of the hysteresis range and completely traverses the

hysteresis range.



