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VELOCI TY OF A TERM NAL I N A WRELESS COVMUNI CATI ON SYSTEM 5 BACKGROUND

Fi el d [ 100ap2/d4sespr esent invention rel ates generally to cepavuseicabi2on
systens, and nore particularly to techniques for estimating the velocity
of atermnal in a wreless 10 conmunigati on system Background [1002] A
common neans by which to |ocate a termnal is to determ ne the anount of
time required for signals transmtted fromnmnultiple sources at known
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comuni cation system [1003] Signals fromsatellites and/or base stations
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transmg t e¢smmiBvcafonbyae@l y determning the distances to three or nore
transmtters at known | ocations, the position of the termnal nay be
determ ned using trilateration. 30 [1004] In certain instances and for
certain apggié' c%ﬁ&ps the velocity of the termnal my also need to be
ascertai ne lﬁgn one sinple technique for estimati ng velocity, a

[1002] A common means by which to locate a terminal is to determine the amount

of time required for signals transmitted from multiple sources at known locations to
15  reach the terminal. One system that provides signals from a plurality of transmitters of
known locations is the well-known Global Positioning System (GPS). Satellites in the
GPS system are placed in precise orbits according to a GPS master plan. The locations
of the GPS satellites can be identified by different sets of information (referred to as the
Almanac and Ephemeris) transmitted by the satellites themselves. Another system that
20  provides signals from transmitters (i.e., base stations) at known earth-bound locations is
a wireless (cellular) communication system.
[1003] Signals from satellites and/or base stations may be used to estimate the
location of a terminal. By receiving and processing the signals transmitted from these
transmitters, the amount of time required for the signals to travel from the transmitters
25  to the terminal may be estimated and used to compute the distances (or ranges) between
the transmitters and the terminal. The signals themselves may further include
information indicative of the locations of the transmitters. By accurately determining
the distances to three or more transmitters at known locations, the position of the
terminal may be determined using trilateration.
30 [1004] In certain instances and for certain applications, the velocity of the terminal
may also need to be ascertained. In one simple technique for estimating velocity, a
series of position fixes are determined for the terminal and used to estimate its velocity.

However, this technique has several shortcomings. One shortcoming relates to the use



series of position fixes are determined for the termnal and used to
estimate its velocity. However, this technique has several shortcom ngs.
One shor twon2/osg032¢l ates to the use WD 02/ 056052 PCT/ USO1/ BOB®R01/429%f
position fixes to estinmate velocity. If the position fixes are determ ned
at short time intervals, then small ergors in the position fixes may
result in large errors in the velocity estimte. However, if the position
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SUMMARY

[1007] Aspects of the invention provide techniques to estimate the velocity of a
terminal in a wireless communication system. Movement by the terminal results in a
20  Doppler shift in the frequency of each transmitted signal received at the terminal. This
Doppler frequency shift is related to the terminal’s velocity, which may be accurately
estimated by processing the received signal to provide a set of frequency errors in the
transmitted signals (as received at the terminal) for a number of satellites. Various
scenarios are described in further detail below, and the terminal’s velocity may be
25 estimated (1) based on signals from both base station and satellites or based only on
signals from satellites and (2) for a 3-dimensional (e.g., earth-centered, earth-fixed) or a
2-dimensional (e.g., east, north) frame.
[1008] A specific embodiment of the invention provides a method for estimating the
velocity of a terminal in a wireless communication system. In accordance with the
30 method, the positions of the terminal, a base station, and each of two or more satellites
are initially determined. A residual rate of change of pseudo-range may also be
determined for each satellite. A set of equations is then formed based on the determined

positions of the terminal, the base station, and the satellites and the determined residual



[ 1008] A specific enbodi mrent of the invention provides a nmethod for
estimating the velocity of a termnal in a wireless comuni cati on system
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embodiments, and features of the invention, as described in further detail below.

20 BRIEF DESCRIPTION OF THE DRAWINGS

[1012] The features, nature, and advantages of the present invention will become
more apparent from the detailed description set forth below when taken in conjunction
with the drawings in which like reference characters identify correspondingly
throughout and wherein:

25 [1013] FIG. 1 is a simplified diagram of a system wherein various aspects and
embodiments of the invention may be implemented;
[1014] FIG. 2 is a block diagram of an embodiment of some of the processing
performed by a terminal to estimate its position and velocity; and
[1015] FIG. 3 is a flow diagram of an embodiment of a process for estimating the

30 velocity of the terminal based on signals from satellites and a base station.



t hroughout and wherein: 25 [1013] FIG 1 is a sinplified diagramof a
system wherei n various aspects and enbodi nents of the invention may be

i npl ementvedp2/psk024] FIG 2 is a block diagram of an enbodpemwsosfrone of
the processing performed by a termnal to estimate its position and
velocity; and [1015] FIG 3 is a flow diagramof an enbodi ment of a process
for estimating the 30 vel OCIty of the term nal based on signals from
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DESCRI PTI ON [1016] FIG 1 is aswrp 1fre |agram a system wherein
various aspeesF amG. emeodiimplifiedliagrhe oMy esybieN wiei QafisR Spedt add A
term nal 110 whose position and velocity are to be ascertained receives

si gnal s t remeedimesty of terinyentionBwy bsfimpleneattdniA teaminal W) whoseepsisionsad e
stati ons 1@%81 M 6% §sc&?ﬂ§@£§§@etwe%n @éﬁﬂse n&ﬂﬂéc?ffréﬁtg' k{“tnsér 10 of

the G obal PSPt i‘ONi ng ste eral, any ransmtter
havi ng 8 oc@drsaiitgers, hahichr @ak reWaserstaifns bl@OaSﬁ:er\t/ﬁélﬁsdcdiTﬁmmﬁﬁaMﬁﬁdyslt@n
estimate posjtion_and vel ocit [1017] Term nal 110 nay be any device

capabl e ofa‘E’é‘?feﬁaFﬁ”HF%éW ﬁeﬂlsréa{l.o%h PQSitrﬁs%ngoﬁyst% (CPahs i g%@aalsar@haws ohi t h
reSpect 1Oy idddBons' thaP Rt FH&@H'&E&B bd %Eazha %S'bé used 6! ' U' ar

t el ephone capa e of receiving signals froma nunber mtters.
ot her enbudmmpcsitidneanmvabbltﬁ.lo may be an el ectroni cs un|t (e.g., a

conputer t al onal i tal aSSI DA), .,and.so on avi ng
oW et essNTHE, TehuirBLRERa, b afiubiiod Sirpble VAR i ] eb of
recei Viong gafah&d Jlgma with eésbéat €5a adfekete BRS. eInS(tm"ﬂ drfibdlimenkt Dtefhin@Ny100k her
type of receiver. The position and vel ocity of term nal 110 may be

esti mat ed ba@lb@rdﬁe@w@n @alsabler fgesejung aignaly éromea nhmber qfdragsmiticrse Hn ®therhose

| ocat i ons. APoeet el S oS afttons G, &€ 4 20Tkt vt g

position apgsonal efgittayas@fstahbke(RmAmanalsormy heing st wireleedmbyert) hzestfaﬂd gional , a
Position 20 Determ ni ng Equi pnent (PDE) 140 in the wi.reless conmmrunication

system a $B3&ecebienn TS?FIVQSrcaB%W\%Ode?FéYmé tenals fromp satellites ayd/pebase siatiags. t he
posi tiy@n agd NQJiRs ipé FHEdefTRE! ON

[1018]  The position and velocity of terminal 110 may be estimated based on signals
received at the terminal (e.g., such as those transmitted from the GPS satellites and/or
base stations) plus the locations of the transmitters from which the signals originated.
The position and velocity of the terminal may be estimated by the terminal, a Position
20 Determining Equipment (PDE) 140 in the wireless communication system, a base
station, or some other entity. The entity performing the position and velocity estimation
is provided with the necessary information (e.g., the pertinent measurements and either
the locations of the transmitters or the means to determine these locations).
[1019] The locations of the GPS satellites may be ascertained by processing the
25 signals transmitted by the satellites. Each satellite transmits “Almanac” information,
which includes information regarding coarse locations of all satellites in the
constellation. Each satellite further transmits “Ephemeris” information, which includes
a higher accuracy version of its own orbit, as tracked and reported by tracking stations
on earth. The locations of the base stations may also be made known (e.g., via
30 messages) to the entity performing the position and velocity estimation for the terminal.
For example, the terminal may include a database of the locations of the base stations
and/or satellites or these locations may be provided by a PDE or base station.

Alternatively, the base station or PDE may perform the position and velocity estimation



I's provided with the necessary information (e.g., the pertinent
measurenents and either the locations of the transmtters or the neans to
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be ascertained by processing the 25 signals transmtted by the satellites.
Each satellite transmts "Al manac" infogmation, which includes information
regardi ng coarse locations of all satellites in the constellation. Each
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di fference between a reference tine and the tinme that the 15 signal is

recei ved. [198H1] FI@ 22siasblgck|dingeari fgrrapmbpdiment obsemeett thefprewasingf t he
processi ngperformed by a terminal 110a to estimate its position and velocity. The signals
transmitted by the base stations and/or satellites are initially received by an antenna 212
and provided to an amplifier/filter block 214, which conditions (e.g., filters and

20 amplifies) the received signal to provide a conditioned radio frequency (RF) signal. A
mixer 216 then downconverts the RF signal to baseband with a local oscillator (LO)
signal provided by an oscillator 218. The baseband signal may further be amplified and
filtered by an amplifier/filter block 220 and then digitized by an analog-to-digital
converter (ADC) 222 to provide (complex) data samples.

25 [1022] In a typical receiver design, there may be one or more stages of amplifier,
filter, mixer, and so on. For example, the received signal may first be downconverted to
an intermediate frequency (IF) with a first LO signal and thereafter (quadrature)
downconverted to baseband with a second LO signal. For simplicity, these various
signal conditioning stages are lumped together into the blocks shown in FIG. 2. For

30 example, mixer 216 may represent one or multiple downconversion stages (e.g., from
RF down to IF, and from IF down to baseband).

[1023] In the embodiment shown in FIG. 2, the data samples are provided to a

rotator 224 that translates the center frequency of the data samples with a carrier signal



performed by a terminal 110a to estimate its position and velocity. The
signals transmtted by the base stations and/or satellites are initially
recei ved wy ozos6eszt enna 212 and provided to an anplifier/pcTAIse1/49b2ck 214,
whi ch conditions (e.g., filters and 20 anplifies) the received signal to
provide a conditioned radio frequency (&F) signal. A mxer 216 then
downconverts the RF signal to baseband with a |ocal oscillator (LO signal
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| unped toQ&%E@c%leﬁtrﬁego& %Pa'l ocks shown in FIG 2. For 30 exanple, nixer 216
may represen ne or multrple downconversion stages (e.g., from RF down to
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provi ded to
V., relative to this frame. Each satellite transmits a signal with a carrier frequency of

fesai » and this signal is received at the terminal with a frequency of fg, ;. The receive

and transmit frequencies of the signal may be expressed as:

Frsai = Fesni ¥ Fvans + Foeni Eq (1)
20  where
fesu: 18 the frequency of the signal as transmitted from the i-th satellite,
fysa: 18 @ Doppler shift in the i-th satellite’s carrier frequency (as observed at
the terminal) due to movement by the satellite ( f,, ; is related to the
satellite’s velocity),
25 fyeri 18 @ Doppler shift in the i-th satellite’s carrier frequency (as observed at

the terminal) due to movement by the terminal ( f,,,,; is related to the

terminal’s velocity), and

frea; 18 the frequency of the i-th satellite’s transmitted signal as received at the

terminal.



[1025] A terminal's velocity may be estimated based on an offset in a
transmtted signal's carrier frequency (as received at the termnal)

rel ati ve woozoswoszi nal carrier frequency. Each satellite poOm@somoddr a
velocity vector, vs; , relative to a franme that is 15 fixed with respect to
the earth, and the terminal may al so noye with a velocity vector, vT ,
relative to this frame. Each satellite transmts a signal with a carrier
frequency gb2ef Csaszs shown #HIG. 1D, $heSfeerivdd dignal @CRiwiRen Adrtedty thiREM IEAVithi th a
frequency of fRsat, The receive and transmt frequencies of the signal
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termnal) due to m)verrent bythetermnal (fvter is related to the

terninal ' sthoapménal gyrrienfienueraaton Rlds Etrhef b éiqmerﬁ@yvero trhﬁeormtahfrsqrreem te's
transmtted signal ,as,r at the er 56
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downconverted by m xer 216 with an LO signal having a frequency of fcter.

Thefrequencyo the nal trgnsmtted by the i-th satellig ybe
expressed as be fﬂ“&%?‘b‘“‘“i?&?ﬁ na(lt‘"“éa'rri er frequency, fnorﬁe(

offset.(or error) fosat,i , relative to the nom nal frequency (|
fcsat, rfmgﬁ * que%o néonvérsﬁradogﬁrh&ermwm sereurte% bhSbIAd @bnat has a
osci | I at or te e expresséd as being equal the nontnal carrier

frequertcy, fréq‘uamcy qﬁ’rcus{fram ®HEpeft f,, f,ottdch maebabxpressbdraa;.he nom nal frequency
(i.e., fcter = fnom+ fQer ) In this case, equation (1) may then be

expressed as: fRsat,i = fnom+ fGCsat,i + fvsat,i + fvter,i . Eq (2) [1027]

After downconverfgi o iy, m Xgr 216, the i-th satellite's baseband signal has

a 10 frequency error fromO Hz) of fbb i whi ch may be eprressed as:
Osalr+ Vsat,i+ther,i)_(fnom+f0ter) q(3)

= stat,i + ther,i + fOsat,i - fOter

[1028] As described in further detail below, the velocity of the terminal is related to

the Doppler frequency shift, f,. ., in the received signal due to movement by the

terminal. To determine the terminal’s Doppler frequency shift, the other terms, f, ., .,
15 foui» and foer, in equation (3) may either be estimated and removed or accounted for.

[1029] In an embodiment, the Doppler frequency shift, f, ., ;, in the received signal

due to movement by the satellite is estimated (e.g., by an aiding entity and provided to
the terminal or some other entity performing the computations to estimate the terminal’s
velocity and position). The aiding entity may be a base station having the capability to
20 track the satellites and to estimate the satellite’s velocity and Doppler frequency shift.
[1030] A satellite’s velocity relative to a specific reference location on earth (e.g., at
the base station’s location or the terminal’s location) can typically be determined
accurately using the satellite’s Ephemeris information. The accuracy of this specific
reference location only moderately affects the value of the satellite’s Doppler frequency
25 shift. For example, an error of one kilometer in the reference location introduces less
than one Hertz of error in the satellite’s Doppler frequency shift. In this case, the

satellite’s Doppler frequency shift may be initially estimated at the base station’s



fbb,i = fRsat,i - fCer (fnom+ fQsat,i + f sat,i + fVter,i) - (fnom+ f
ter) Eq (3) fvsat,i + fvter,i + fGsat,i - (Ater [1028] As described in
further deoar/bseh®l ow, the velocity of the term nal is rel BCPUSEB9992he
Doppl er frequency shift, fvter,i , in the received signal due to novenent
by the termnal. To determne the terngnal's Doppler frequency shift, the
other terns, fvsat,i , 15 fosat,i , and foter, in equation (3) may either
be esti matggditand If HERYRENA is AsaRdN @t 110rkm of #HAAbe biatiah) tRsHME s aeMMite’s t he
Doppl er frequency shift, fvsat,i , in the received signal due to novenent
by the satBDmplcfé)rlﬁt%le@@tShhf&taéGSfQ@?'Qd at the base datenn gyould havg lessdhager Wikgel t o
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the ter mi raroret UaPmuRely hich " aestpley8f HebP el SRR e e DofBlk e
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base statign! ocat r - ) ey W) | . RAGW cal Ly
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Hz of error at the termnal, which is acceptable for many applications.
The sat el | fréqiescyDogmptotoof nsguenayustiaht traaly thé&regadncgrofitbe wignel fromua at el y
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posi {1 on) BASEIETe ke eoiuad Eeqsacl phibeisignah s dracked REMEdTeqySRHCRHT LNy
nurber of B85 Hag‘;bedﬁib%é‘ihﬂ‘eﬁdn?rihé SRAP AHEBidaNeURict Frlghencd! tb- proliRe ROPPI er
frequency shift y I

be estinated for each satellite to be used to estimte
the ti& m abband\fekoeicly\errof,1 3 L]foiTthe thaasmitan dOhe Gqquency centraddoopf todoy bg  may
be estinmated and used to estinmate

used to acquire and track the signal from each transmitter.

[1032] In another embodiment, the baseband frequency error, f ., is estimated by

performing signal processing on the data samples. To satisfy the requirements
mandated by the Federal Communications Commission (FCC) for an enhanced
20 emergency 911 (E-911) service, the terminal needs to work in difficult environments
(e.g., dense urban areas and indoor) and at low signal-to-noise-plus-interference ratios
(SNRs). In order to achieve this, coherent integration of the received signal for longer
periods of time is needed to detect the signal in the presence of noise. And to integrate
the signal longer without suffering significant losses, it is necessary to better estimate
25  the frequency of a transmitted signal, as received at the terminal, so that the frequency
error is as small as possible. The frequency error may be reduced by estimating and
removing the satellite’s Doppler frequency shift and the carrier frequency offset.

[1033]  In an embodiment, the satellite carrier frequency offset, f,,, ;, is estimated
based on the Ephemeris information transmitted by the satellite. The estimated satellite

30 carrier frequency offset, fom ;» may be combined with an initial estimate of the satellite

Doppler frequency shift, fvmi , and provided to the terminal.



10 the termnal's velocity in a manner described in further detail bel ow
In an enbodi nent, the baseband frequency error, fbb ; , may be estinmated
based onweo of/esaizency control |oop used to acquire and treCcRUSHRI9D2EqUENCY
of the signal froma transmtter. The received frequency of the signal (as
tracked by the frequency control |oop)9may be subtracted fromthe signal's
nom nal carrier frequency to provide the 15 baseband frequency error, fbb ;
, for the [(103fp N tiheternfiig rddeRRY €1Os§iBRdedived) ARPinifEY chifinatd SE thelsatedRtgui I €
and track the signal fromeach transmtter. [1032] In another enbodi nment,
t he basebaDdpplecfictpeayy shiftolf, , f.ub.g, as dewrminied fait thd bhse stateonf Opasitian) ahgnal
processing on the data sanples. To satisfy the requirenments nandated by
t he Feder aj. CQERHRUCAIHIAR TaRIRGRAY bffEE) £ Or 2kl sabanc edqRc§oErgency
911 (E-911) service, the termnal neéds to wotfk in difficult environnents
(e.g., dense _urban .area nd,.i r at- | owz 7; -
si gnal -to-ﬁ)g Q3 fﬁr&gr- P! %lft gpg%egq%lggéﬁagg" ?ESN_ V.S“‘-"I+nf°eﬂ'-'a'erA§te(")r %‘8?%1%1% this,
cohere [ ratd IRY [ - I ehio f . time is
neededrgt o] %’%‘?g)gt &Jt ﬁ'g @Fag%{ﬁpl?sﬁ%ﬁﬁe&gr%ﬁ?ég%? "ﬁ)oﬁg’g.gf %\%‘g {h(% rﬂﬁa{e@gc}% e the
si gnal | onggipled Hahe tfregikdric etrbB(fidrg 0IHZ) 0B |, @hfcBSmay be éxpréte&amsary to
better estimate 25 the frequency of a transmtted signal, as received at
the termnal, so that the frequency error is as snall as possible. The
frequency error sy ;af re ceqepy _ysti mating and renoving the satellite's
Doppl er frequenét’?‘"shi % and®t'he Cdrrier frequency offset. [1033] In an
enbodi nent, the satel kite garrjer frequency off set, fosat.! 5 estimted
based on the Epheneri};"”i"'rﬁj(b)vt‘e‘rfﬁfo&‘ﬁ t Qa‘hsz-"(:st"t'e %Y the sat el I]ﬁgﬁ The
estimated satelli tezmsa&ar Vierquf&etgu?agy of fset, fosat,i , may be conbi ned
with an initial estinmate of the satellite Doppler frequency shift, .fat,!
, and provided to the termnal. WD 02/ 056052 PCT/ US01/49992 9 [1034] The
term nal rREEVAR,,( G tHe@Ik I thedfitial €Simatd18f 1hdiilth shtekitd’s MRpPlePfrefitacy
satellite Doppler frequency shift, fvsat,i, (e.g., as determ ned for the
base stati QpnS; Posiki on) rand_ Fth i@t e t iy 1 r ency
Hife ;.0 %nv fing ard ndcfg,ﬁ}a,‘ bgs tﬁﬁe@ﬂréﬂ €€ Aslingle diMRAYER

of fset, fosat,I |, Yset'$"t he"tr'eque rotator's carrier signal

to thig frequency (i.e., fgen,j. = fvsat,i~+ f{osat,i ) After the digital 5
r ot ati@n o?ateﬁht@ Scfé‘%"ée@gfﬁ?}l(g%’ \/besh,it"hf;satcérfpiates"signal by rotator 224, the
rotated data__sanples_have a frequency error (fromO Hz) of frot,i, which
may be exp[’lgég‘]ed de frequ\éncy error,qu‘mi,%ypically fglls within a )range that maly be !

estimated based on an estimated range of each constituent element in the sum in

equation (4). The satellite’s Doppler frequency shift, f,,, ;, is typically on the order of
* 5 kHz, but the error in the initial estimate of the satellite’s Doppler frequency shift,
15 Afy,.: is typically in the order of tens of Hertz. The terminal’s Doppler frequency
shift, fy.,,, lies within £ 200 Hertz for reasonable vehicle speed and the error in the
estimate of the satellite’s carrier frequency offset, Af,, ;. is negligible. The terminal’s

carrier frequency offset, f,. , is dependent on various factors. However, if the
terminal’s oscillator is locked to the base station carrier frequency and if the base station
20 in turn has a very accurate frequency base, then this term will have the same range as

Sfyer,i - Therefore, in these circumstances, the frequency error of the rotated data
samples, f, ., will be within = 500 Hertz.

[1036] In an embodiment, the frequency error, f,

ot, i ?

of the rotated data samples

may be estimated by performing (1) a coarse frequency selection, (2) a code phase

25  selection, and (3) a fine frequency selection. The coarse frequency selection provides a



frot,i = fbb,i - (fVsat,i + fOsat,i) fVsat,i + fvter,i + fosat,i - foter -

fvsat,i - fOsat,i , Eq (4) Afvsat,i + fVter,i + Afosat,i - foter where
Ofvsat,i waorsso®rror in the initial estimate of the i-threpustlie s
Doppl er frequency shift (i.e., Ovsat,i = fvsat,i - fvsat,i ),and O osat,i
Is the error in the estinmate of the i-tip 10 satellite's carrier offset
(i.e., Afosat,i = fOsat, i - fosat,i ), [1035] The frequency error, frot,i,

typical Iy {aldSesrafdl 6 the @ABRaF § @hrridR¥relfenc %}df‘%eﬂapgsﬁdiso& ﬁﬂal?%@;i mat ed
range of each constituent elenment in the'sunfin equati F(4)." The
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f or reason%%‘lsg"\?egih{f%rfaé’ %Sprggﬂv cﬁét ?’ﬁge%‘?llh%l'r Fb?we finuls may ﬁﬂ%ff %&6?) et%gg 0
satel | igt ' gtiftd thepsdu6GuRay e daRnittdd dSdithé fine frequngy sabddon estligtes
terminal's carrier frequency offset, foter , is dependent on various
factors. Hbowetator fiekueney ertasr (fi,nal Othen prsickssingoerdess Andisitentharschemespmey
station carrier frequency and if the base station 20 in turn has a very
accur at e falsmbrensef thdedve thaakceskary timipgnand frequeage errpeinfermationmyd this is
fvter,i Therefore, in ) .r cunst ances, the frequency error of the
rot at ed da‘F%*%"géen%PB%?‘t@?6‘?""&1{;“'\/\5|| be within 500 Hertz. [1036] In an

enbodi ment[1087le f Feflueonay phisetsearch] tie,receivedofigidias pricaised tddb@ramethes may
be estimated by performng (1) a coarse frequency se|ection, (2) a _code
phase 1025 &@ingder each t&am&@ﬁ stenp] pseditp ggfinase yhesteimaipal s positrpibandhkglacity-

frequency | ecti V| 02/ .0 ).

estimate ofl%t ﬁ%set’%{amﬂ%%ehg}gégrgﬁ\/\g‘” f (rseaggg%@lpeg% gﬁgéc/gﬁﬁ ggﬁ“?@?tggos?éﬁgs
small as . ' r b L : | : :
satellite 1%0&%?)\%%?%1? rtggﬁg%gyﬁégﬁﬁrfe {,@r@}ﬂg% %pﬁ%dg%]t g&?énpe‘]%tégs %ﬁ%ﬂ%oﬁgé}%ase
sel ecti on wpicellyrianssuddiandomi nugseofPNasehuerice asushi astthel Gold PN codesusedcfer ved at
the termnal, The timng may thereafter be used to 5 esifimate the
pseudo-ran@gstsét lifgs- ¢ Aa%?rﬁ"%it@.ﬂgnﬁgﬁ teng Fﬁéﬁpré“dﬂgﬁe abedermeneelY i mat es
the roat Oéonfeifﬁgetﬂg%o@lferdoﬁatafsraf?fple's-wﬁ hd sHHO GBRANING. Qufeice qed/Rrmot her
schemes may alsoO be used to derive the necessary timng and frequency

error i nfowrammittar, and this is

[1038]  In particular, the rotated data samples are correlated with a locally generated
PN sequence at various offsets (or phases), with each PN phase corresponding to a
hypothesis for the transmitted signal’s timing. For each hypothesis, short segments of
20  data samples (i.e., short with respect to the baseband frequency error) may be correlated
with the PN sequence for the hypothesis, and the correlation results for multiple
segments may be (non-coherently) accumulated to provide a correlation result for the
hypothesis. By removing the satellite Doppler frequency shift, the frequency error in
the rotated data samples is reduced and a longer integration time (i.e., longer segments)
25 may be used for the coherent integration to improve signal detection. The higher energy
from the correlations also facilitates demodulation to extract data from the baseband
signal.
[1039]  For the fine frequency search phase, the hypotheses are tested for correlation
using coherent integration and non-coherent integration to determine the amount of
30 energy in at various frequency offsets. The coherent integration may be performed
based on a fast Fourier transform (FFT), or some other suitable rotate and accumulate
correlation technique. In particular, the rotated data samples may be correlated with a

locally generated sequence that is encoded with a PN code associated with the particular



wi thin the scope of the invention. [1037] For a code phase search, the
received signal is processed to determne the 10 timng for each

transm t tved 0x0gnEl used to estimate the term nal's positiparT/asa/49ed20city.
The baseband frequency error, fbb ; , is a non-pure tone since the
transmtted signal includes data that jyjay be spread with a spreadi ng code.
This spreading code is typically a pseudo-random noise (PN) sequence, such
as the Gol GarRMiGQr8ighsieth fer recé¥eged at Bhd ichb@8latidh than e pérfmed ORI Ng-ti m ng
may be determined at" the termnal by 15 correlating the rotated data

sanpl es wi temehis toaprevidp revedion Pf Mbgru cpaelatiene yalges. t e Nerrapostti KR lefs. then 038]

In particula the rotated data are, corre A a. |
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respect® t oparheulfyafseqyaney biped iy themeak Fomelgtinevalue pequat wdicatgs the pifget pN
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resul t f orsatdikte Beypoprbesiel (iBy thee samlliregastdodatedivéthl the ®NDogalel veith ivhhulacy

shift, the frequency error in the rotated data sapples is reduced and a
| onger i ntl@g#lht egKrat§dhieqpence way %@@sé@?ﬁﬁ?@f”%g‘?‘a‘ylﬂb@%@gﬁe# 6ReTERe
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the correlations also facilitates denodul ation to extract data fromthe
basebad astignd of thd fid@ienEperrdhef, f i, metht retqied data samptesh phase, the

hypot heses are tested for correlation using coherent integration and

non- coher efi040t edihatfregnerioy stetchrphiaseepromiles ap estimate of I0e dregueneyieanroatin
various frequency offsets. The coherent integration may be performed based
on a fast DeIPREH dptasAmPISE nd ¢ FRYICh glay Sﬁép@gﬁaraszsui table rotate and
accurrul ate <correlation technique. In particular, the rotated data sanpl es
may be correlated with a Locally generated sequence that is encoded with a
PN code associ atfad Wik, i tthBrepar MogitlafoV® 02/ 056052 PCT/ USOH@EI92 11
transmtted signal to be recovered. The correlation may be perforned for

Nn'r segnents to provide a vector of Nr correlation values. An Nv-point
FFT i s t hehhe baseband frequency error may then be estimated by adding back (1) the initial

15 estimate of the satellite Doppler frequency shift, f\,sm‘i, (which may have been
determined at the base station’s position) and (2) the estimated satellite carrier

frequency offset, foSm, ;» with the estimated frequency error in the rotated data samples,

fmt, ;- This may be expressed as:

i =feit (Fvsar i + Sosa, 1)
= Astat, i + fV!er. i + AfOsat, i fOter + stat, i + fOsat, i Eq (6)

= f, vsat, i T i Veer,i T f Osat, i i Oter >

20  where fbb,,. is the estimated baseband frequency error. In equation (6), fAbb’i may be
estimated by the terminal, f,,, , may be subsequently and more accurately estimated
for the terminal’s position (once determined), f\,m,,. is an unknown related to the

terminal’s velocity, f, ;, may be estimated and accounted for, and f,,. may also be an

unknown to be solved for.



performed on the vector of correlation values. The output fromthe FFT

I ndi cates how strongly the data sanple correlate with the locally

gener at ev@eyossni2ze. I n addition, the 5 particul ar frequenegrisen/avoawhi ch

t he peak correlation value occurs indicates the offset in frequency of the
| ocal | y gener at ed sequence fromthe signal received fromthe satellite

bei ng processed (i.e., the satellite associated with the PN code with which

the 1ocal nmm]enemetsﬂdwﬁ QEONY) (R BABEhand Gegeshty efbemby 86 danaedivithvitiRet he
hi ghest energ yi el ds the best frequency and code phase hypothesis (i.e.,

this frequelrcirediency eontiob optragking [pogsdn His éa%fthﬁl‘i’ésqbﬁ%ﬁé%wcbﬁﬁwmairot i

, 1n the rof Q%t%’?%&fipfcglqgml ))vexlg‘gﬁ%erTﬁngI& AL HidorR&as Gha B%%ﬁ*er O?V: dfas

an estinmate uency® error a sanples,

whi ch may tequexey BfnSEdT IS sizé robtthe ifrequédcystin ,is ilinked Yo elie cd)hei'erft afRgration -
foter Eq (5). The baseband frequency error may then_be estimated by adding
back (D tpsiodnlenger coqﬂserﬁg@tparaflen a%nqqaée%{eeanpqllebf%&m PITF §iZ88 B REdFT shi f ¢t

fvsal, 1 1o8lllcE nd ke ohR 1ASEN and! oIt RhIAh nidhr 2 fac! ation's position)

and(2) the est mat ed té carrier requerncy of fosat, i , with
t he esti nafl@d2}f red;ﬁﬂhmteymemaicsroscuhlatdnes sla‘temlt(ardod@ﬂao stengrreer, frequendy, ofi th& hi s
may be expressed as = frot

Vsat i f Csat V!
P er. i aba guion fnd M Beefreauepy huse of shy'gBigmunicagi (gytem i gfther; 0"
fvter, i +donfldefived fr&hShe é@s‘@’s}ﬁéﬁ thf%bnh alv%ql Rufd Lo®t 36{@) Qanebanskr

frequency error. In equation (6), may estimate the term nal,
fvsat ,10 nbbyscme bm@fuemtl(memmemsam a¢camé¢ 901es<t)i> rthgrethe umbnowrheart
terninal * S|t|on elated to
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foter may sﬂlﬁ@ueb@) B8 motioK BOME térgnihal rél@iweeﬁ tﬁ@base‘é‘@ﬂ@ﬁ/ 056052 PCT/ US01/ 49992
12 [1041] shown above, the baseband frequency error may be esti nated
wi t hout usﬁ043ﬂf a The erglestiy: wf dhmnterminabr vt maask b gstinazsed based tomi the estirmated he
baseband frequency error may , be estimated by correl ating over a nunber of
PN phase higschand Sesjueny ararurhes apfolldwse glnétiadly, bipsendoTiarges measundmeriy¢o
frequency bin is linked to the coherent integration

15 each transmitter (i.e., each satellite and/or each base station) to be used to estimate the

terminal’s velocity and position may be determined based on the arrival time of the
signal transmitted by the transmitter (e.g., as identified by the PN offset from the code
phase search). The position of the terminal may then be estimated using the pseudo-
range measurements to the transmitters and their locations. The position determination
20 may be performed using various techniques known in the art.
[1044] A residual rate of change of pseudo-range may then be derived based on the
estimated baseband frequency error shown in equation (6). To estimate this baseband
frequency error, the Doppler frequency shift due to the motion of each transmitter (e.g.,
each satellite) may be initially estimated (e.g., at the base station position) and provided
25  to the terminal (or the PDE or some other entity). The baseband frequency error may
then be estimated in the manner described above for each transmitter (e.g., each
satellite) to be used for position and velocity estimation. For the embodiment described
above, the baseband frequency error may be estimated by determining the frequency
error of the rotated data samples and adding back the initial estimate of the transmitter’s

30  Doppler frequency shift. For each transmitter, the baseband frequency error estimate,

fbb_ ;» may be expressed as shown in equation (6), which is:



5 period. Longer coherent integration periods require smaller frequency bin
sizes in order to reduce the integration |osses, and therefore result in
hi gher aocooze3sns2] 1042] If the terminal's oscillator is spawedoivmd2ocked to
the carrier frequency of the base station and if the frequency base of the
comuni cation systemis either (1) acqgrate (derived fromthe GPS system
or froma very accurate clock) (2) stable but off 10 by sone known anount
(nmeasured agai ngt an.accugate_source)), then the unknown par% f the
termnal's osci %afb@ﬁﬁﬁ' eﬁ%igxﬁf ;> foter+ corresponds t‘]? e Doppl er
frequency shift due to the notion of the termnal relative to the base
station. [vlvfl)élr?’]iiEtﬁelnéfglf%(r:iteytra%gnﬁt{%?s(ti%r rl.n'=r1ab, §T , ey be estimted based
on the estVnate basé€band frequency error, Tbhbb ; , as follows. Initially,
a pseudo- r[ﬁoasrj NEgHENRIRRY dfOthe korn@aslD #.r @M HRY x({ -a8d.z PRA) Laliahéi te
and/ or each base station) to be used to estimate the termnal's velocity
and posi t i ermimalycaoeerdedqaemd ynarcbrhfag e drecthe tthikncswnsito ablve ifore Td sdl veefor shegeral
transmtted by the transmtter (e.g., as identjfied by the PN offset from
the code wikaswensehe bajebailhregasgicyieoror gbtimite, tfgr nifomkadmalyartsmétterbeaye bt i mat ed
usi ng the pseudo- range neasurenents to the transmtters and their

| ocat i ons. cohvertqab®i velonityd@n evetdrn aei sacon@bymapltipdyipg byachermchvelsngtly, A.afior ous

t echni ques_known in the art. [1044] A residual rate of change_of

pseudo- r anyé W}}nf{lk@ﬁ’%ﬁ%‘fip eefmba(%&*eoﬁ“?ﬁ‘é‘{ o spieliits 86CIE§8%85W“F¥)equency
error s ho"‘ﬂséuﬂﬁﬁ%ﬂ'ﬁ{ {HeNatefite pdQLE drdRh&Wh Bh tﬁéat%ﬁ%ﬂﬂ;gosftf&qyﬁ%ﬁm%& or,

t he Doppl er frequency shift gue to the notion of each transmtter (e.g.,
each sat el dsintotgd abeye,liken the unkndwnsasayi beectxpeesfesl ag. , at t he base station
position) and provided 25 to the termnal (or the PDE or sone other

entit%). The basebgfd Ireqﬁenpy_error y then be estimated in the nmanner
descrii®ed aboveffhott Edbheit mmlﬂi’f'-@fl’()sat(i .q.fo:ere'eﬁch satel li te)E‘t@)be used for
position and velocity estimation. For the enbodi ment described above, the
baseband fr qpency error may be estimted by determ ning the frequency
error of tWe*Fotated data sanples and adding back the initial estinmate of

the transmtter'ss 30 Doppl er. frequency shift. For..each.transm.tter..the
baceband 11 equedoy: 5 EoRed (and FEERF haiccbrag) 8huBRE Be MARRINE Bobpict 1,
equation (6), which js: 2/ 056052, PCT/ US01/,49992. 13 b i = fVsat,i +
IVter, i + fvVsat,i _fr?o{&el\é& %é]t/t e7 . gs dete me% a} the tgg‘nmal spgsl?tldn),

v, is the velocity vector of the terminal (the unknowns to be solved for), and

15 1;; is a unit vector from the terminal to the satellite (determined from the known

coordinates of the satellites and terminal).

From equations (7) and (8), the terminal’s velocity may be expressed as:

fVIer,i A‘ = —VT ' ]Si * Eq (9)

[1046]  The residual rate of change of pseudo-range for the i-th satellite (after the
20 effect of the satellite’s motion and carrier frequency offset have been estimated and

removed) may be expressed as:
:‘gﬁ‘ = —(fbb,i - staz,i - fOsat,i)./l =Vr 'Ts.' + forr A Eq (10)

The residual rate of change of pseudo-range, &, may be determined for each satellite
based on (1) the estimated baseband frequency error, fbb‘ ;» (2) the revised estimate of

25 the satellite Doppler frequency shift, stm, (3) the estimate of the satellite carrier



where i is an index for the transmtters (i.e., i =1, 2, ...). [1045] The
vel ocity of the termnal, vT (e.g., in the x, y and z planes) and the

t er mi nal wanz/ozps2a requency error, foter, are the unknownspe¢ousal/49e92f or. To
solve for these 5 unknowns, the baseband frequency error estimate, fbb i J
or each transmtter may be converted tqggvelocity (in nmeters per second) by
mul tiplying by the wavel ength, A for the nomnal carrier frequency, fnom
(or the t or.satellite

er m nal sgil lator frequency). Assum.ng that the
satellite %weP?%ﬁfsﬁ?e %ﬂo’v\/ﬁn‘gn@ tth% Y &Y 030@% P%Cﬁﬁaﬁgr é‘@gg?“r??'neij as
not ed abovg, then fhe nQwn be expressed . 10 fbb, i - fVsat,i .2
POVt 0 Baions ¢ h SREFT Sholihegie RELELFFG rehanes & Brebaravees Tang
typically gr st & WEEehaP DIpBRr FRIGEEAC $ifOPP! ErandftheBupRcy Shift
(e.g., as lg'rgtsgtr(%}nﬁ%lejd’éadt%)sttﬁzﬂtlt er m nal 'Ofspo(r)si%thi or%y, VT {?‘ge"'t’hag vel oal ty vector
of the termRal rrdfubfcy¥HROMRS to be solved for), and 15 Isi is a unit
vect or froéngdt? ertern‘i nal ?fgpthe satellite (determ ned fromthe known
coor di mat ed047] t h&guatiel (10)emanriet tsdnionedtimaté-rthentequexdlisonaodiid) Bndfof 8) ,
the termnal's velocity may be expressed as: fvter, i A =-VI Isi . Eq (9)
[ 1046] Thevareup geeriaripgt FopfexamplegedustiopEQimay begesed orheptragnals fromabath| i t e
(after the f (o) ld1e. s, I L. r e
o fsot navedss safBheealdif aPb8Y bl BoRudEACOIBE SRRLYSH o GMERRY , |
fVsat,i - diMsdd fromn sdteHitdhTare luSid for pGiton aritl valerifyldd)imatien.r Alsopkilatiora(1®) of
change of pseudo-range, jsi , ,ma% be determ ned for each sfahel lite , based
on (1) themaybr aplsd B0 SRR famRe g Aimansionpgliy; Soms) oftthese ssenazioy
esti o] & he: idi£1 ler frequency shift, fVvsat,i, (3) the
oot o%etdﬁgg”?g?éﬁ?‘?gﬂ%%@r%‘?pm 02/ 056052 PCT/ US01/ 49992 14 frequency
of fset, fosat,; , and (4) the wavelength of the oscillator frequency, A

Equations (8 pfdcit tiag@n PN rbRfinal uyﬁhrﬁaﬂt@anaasﬁﬁ;@fga%@gwﬁ,gof
pseudo-r ang SaterrTtes are aue t equency

shift, fVviAD48] , dhthetdamier drequeraly of mamigriak trafiméed froyn the rserving bese station

is equal to a nominal carrier frequency (or that any offset in the carrier frequency is

known and can be adjusted or accounted for), then any oscillator frequency error, foer,
15 at the terminal would be due to movement of the terminal relative to the serving base
station. In this case, the terminal carrier frequency error would not need to be handled
as an independent unknown, but would be a function of the terminal velocity. Hence,
one of the unknowns in the velocity estimation may be eliminated and the number of
required measurements is reduced by one. However, because of the proximity to the
20 Dbase station, it would be necessary to accurately know the terminal position before
performing the velocity computation.
[1049] To estimate a 3-dimensional (3D) velocity of the terminal based on signals
transmitted from the satellites and a single base station, the following notations are

vsed:

25 X=(x y z) is the terminal’s coordinates in an ECEF (earth centered, earth
fixed) frame;

Xy =(x5 Y5 2g) isthe coordinates of the i-th satellite in the ECEF frame;

Xz =(x5 yg 2,) isthe coordinates of the base station in the ECEF frame;



5 [1047] Equation (10) nmay be used to estimate the termnal's velocity,
"FT, for various scenarios. For exanple, equation (10) may be used when
signal s fwom/mrsbdz satellites and base stations are used POT/Up@IZ9P920n and
velocity estimation, or when only signals fromsatellites are used for
position and velocity estimation. Also,jsequation (10) rmay be applied to
any coordinate franmes and dinensionality. Sone of these scenarios 10 are
described in fugth i I : ' - [ Teg i, nal
with Satelli teseﬁﬁg&ag%?ﬁd% etpéégee%%%gt }%ha?};[ tlv)éc4t§]5 tnll’;m{' h@%@?ﬁ@% rég%quency
of a signal transm tgeg fidogn drbeths elermhingl’ astochyain @it xi, Sy,esidalz pRnés,

nom nal carrier frequency (or that any offset in the carrier frequency is
known and can be adjmespeedvely; accounted for), then any oscillator frequency
error, foter, 15 at_the term nal would be due to novenent of the term nal
relative to thegyser¥irAg e. . Lon: i _ . 1:Ral rier
frequency error 15\"/\/5 % d ip:??%elérg§¥\%£tggrarg&r1tg? ggin%zgéz‘r?’isnggg‘g%g}r{?ﬁl}%%ﬁ%m,
but would be a function of the term nal velocity. Hence, one of the
unknowss in the vel aerrhipakesdsitivataxpressedyin e ECERTmmeed and t he nunber of
requi red neasurenents_i s reduced by one. However, because of the proximty

tothe 20 base gfallofe |dquml o ARERASAY he t@x‘f:‘ﬁH{alaé@slit}’onkﬁotﬁft&%

term nal positi o”n_tpff-(me pertormng the velocity computati on. 049] To

estimate a 3-di nensional (3D) velocity of the term nal based on signals
transmitted from t hestatingidsittoasxpressed i thedi@Ehframesanat i on, the fol | owi ng

notations are used: 25 (x I\é\_éz) is the termnal's _coordi nat‘gs i n_an ECEF
(earth cent er ed Selsthqresiduglagie 9fchapge gigpseuda-taage forjths &fh satellitei(after the

coordinates of the i-th satellite in the ECEF frame; . xB = (xB.yB ZB) is
the coordinates of tH Cﬁégég%faé?lﬁ@ﬁ rpﬂtq%@%@@gs?%@ ar\%@e'ﬁéye@ﬁ%z
PCT/ US01/ 49992 15 vT = (.Ais the termnal's velocity vector in the ECEF

frame,jovhef19502 * sand tBére A& tirb ubl@iowWing al.¢.5 & ¢ afdl t8), thied bemdre datelRRs Z
pl anes, respectively; Xx-X.
need to be used to estimate the terminal’s velocity. Initially, each satellite’s residual

rate of change of pseudo-range (after the effects of the satellite’s motion and carrier

frequency offset have been estimated and eliminated) may be expressed as:

IdEi:VT'ISI'—‘—;T‘TB:VT(T&_TB) : Eq (11)

15  The satellite’s residual rate of change of pseudo-range, &, may be estimated based on
the estimated baseband frequency error, fbb, ;» the estimated satellite Doppler frequency
shift, f"vm,., and the estimated satellite carrier frequency offset, fomn as shown in

equation (10). Since the frequency error estimates, f,, ; and f,,, ,, are subject to errors

due to noise, the residual rate of change of pseudo-range, &, is correspondingly

20  subject to errors due to noise.
[1051] The measurements from all satellites may be used to form a set of equations,

which may be expressed as:



s =S is awunit vector directed fromthe i-th satellite position to the
iXx - xsl 5 termnal position expressed in the ECEF frame; 1B = x - xe is a
unit vectvwo otissex2t ed fromthe term nal position to the baBer/Usx/49%@al
station position expressed in the ECEF frame; and A; is the residual rate
of change of pseudo-range for the i-thigatellite (after the effects of the
satellite's notion has been esti mat ed and rem)ved) 10 [1050] Since there
are three unknovvns- pre safe eI lites need to be
used to estinmate t|he_Cér Bs v%&—e%\wl —|—Fﬁ—t| — ellite's
residual rate qf d«haﬁg;é dﬁ 5s|eud -‘r?ésml |x(‘a’faﬂer %héslelaff?éctxsl
satellite's |nilon and carri er frequency of fset have been ¢
el i m nat ed) be expsessedras: A=V YIESs VIZTIB = ¥T26105
(11) 15 The sateH ||-kte—s r?u;u I Ir—aip |of|xch@ﬁ|ge |pf_x éfeqyao-x
estimat ed bas on" th&' estinated baséband f equency error,
estimated sat@ l|i tte DopplMr frequency Mhift, fVsat.i Mand t
satellite carriér |fxreqyency—offsety,— jsgsaty ;¥s as _shayn in-zgqguation (10).
Since the frequenqgyz er—r St jmat and fi¥s subject to
errors due to noi ;Pue Ife?ﬁduaﬁa&‘fe of cf’ anyg %}SI ieudg)lerange A, is
correspondingly 20 subject to errors due to noise. [1051] The neasurenents
fromall satellites may be used to forma set of equations, E(xx]'gyh may be
expressed as: WD 02/ 056052 PCT/ US01/49992 16 X-XS1 x-XB Y - i"Y- YB Z-
zsi Z-ZB [110852] xsiFor siXipkiBity, the fodliowing nov@lonk Xre-defiBed:l x - xBl A2 X- XS2 X- XB
Y-Ys2 - Y-YB Z-2Zs2 - Z-ZB M = | x-XS21 Ix - xBI IX-XSZl Ix - YB I5E -xS2 x -

xBl AAMMM '1%/['>=([;d§‘, X%; X ,égB] Y1sYaSvecl'()r Xf rgé:,ldﬁal rates of'c]%nég’ of pseudo-ranges

(D

5 for the satellites, where “7” denotes the transpose; and

U=[& % & is a vector of unknowns to be solved, which in this case is the

terminal’s velocity vector.

[1053]  Equation (10) may then be expressed as:
M=Au+N, Eq (13)

10  where N is the noise vector.

[1054] The minimum variance linear estimator of the vector u may be expressed as:
T=(ATRJA)'ATRIM , Eq (14)

where R is the covariance matrix of the noise measurements. The covariance matrix

R, is typically estimated based on the particular design of the receiver unit and the

15  system (e.g., the signal bandwidth, the received signal power, and so on), as is known in
the art and not described herein.

[1055] The covariance matrix, Rr, of the estimate of U may be expressed as:
R, =(A"R7A)" . Eq (15)

The covariance matrix, Ry, provides an indication of the confidence in (or the quality

20 of) the estimate of u. Thus, the covariance matrix, R, may be compared against a



IX - XSn I X - XBl I X - XSnl IX- XBlI X- XSnl IX - XBl Eq (12) [1052] For
sinplicity, the followng notations are defined: M=[.r A... ; ]Tis a
vect or ofwoerissog rates of change of pseudo-ranges 5 foPCT/sos@av®l |ites,
where "T" denotes the transpose; and u = [j4i 31k AT is a vector of
unknowns to be solved, which in this cabt is the terninal's velocity
vector. [1053] Equation (10) may then be expressed as: M-Au+N , Eq(13) 10
where N i s patisuhwithyeshpid anst the [rewdiaf tih eORPHISAD MAYaPG Bs§edor Vaions PEEROSERL or
of the vector u may, b ressed as; = =ATRNM , Eq (14) where RN
is the cova(?'gaffb‘éecx%\’?l?egﬁ(%fo Pﬁeeornagﬁcgréi tﬁ%%%ﬁ@&%e%ﬁy . The covariance matrix
RN is typically estimated based on the particul ar design of the receiver -
unit and the_15 stem(e.qg.,.the,si nall hband .lha ."..‘."L ignal
power, and s&-ow s A AT < A HET LA DINRE B A D g Or [ 1055]
The covari gigssMat fi fostRease® the N rg& iveRIcRy Gk of IBY iBRreK PTIRSEBEE, ab the RT =
(ATRN A) | 'Eq (]15) The covariance matri X, I¥€T rovi des an indication of the
conf i defce dompiwtionhare gerdpimeg in 20 EHNY (EaﬁéNéghilﬁﬁtf@nmaswcm%y}thﬁhrebase-

covariance matrix, RT be compared. ' 6 . :
PCT/ US01/ 497@511 (gSseniigly ir{@%faé?e ?’%{?@Eﬁ‘ﬁ?‘ﬁ%&ﬂ ??gﬁ% \é}gurq%t tg‘?e@ emglolr(r)ﬁaat#?nson
may be usedof @mallafehRingl-bate Pas®sh distanges) itOisdp®kite: whathee the masbar of
discard the estimate of U). 2D Velocity Estimation for a _Ternmnal wth
Satel | i t es vakaownshpoteatiBppEing i estipate theo5e” qampasent: 1he £Qlowipg ngRfipns 4
velocity i Saré’nflseldi ttle interest. Therefore, if the 5 conputations are
performed in"an ENU (East North Up) frame associated with the base station
(essentially the same axis orientation as the ENU frane at the term nal
locatiaqo for snE] k (kenfi fiplis bhs eeraisdi isothredi-dimandesdl dobrdisatposedblire the
reduce the nunber of unknowns by not attenpting to estimte the "Up"
conponent. The fol | oliVg franteat i ons

Xgup = (X5 ¥ Zg) is the i-th satellite’s three-dimensional coordinate vector in

the ENU frame;

% =(x" y’) is the terminal’s first two coordinates in the ENU frame associated
15 with a serving base station;

Xy = (x§ ¥%) is the vector of 2D coordinates of the i-th satellite in the ENU

frame;

v, = (& ®) is the terminal’s velocity vector in the EN (east north) plane

(assumed to be in the horizontal plane);

20 [ =l—;,——_7'-l is a unit vector directed from the i-th satellite position to the
X —Xg

terminal position expressed in the ENU frame;

s Cd
D

L = To%) is a unit vector directed from the terminal position to the base
X —Xg

station position expressed in the ENU frame;

- -
X -X . ) .
cos¥ = l_, _f" l is the cosine of the angle between the vector going from the
X3p ~ Xsisp

25 terminal to the satellite and the east north plane; and



are used: 10 x3D = (x y' z) is the termnal's three-dinensional coordinate
vector in the ENU frame; xSi3D = (xSi Ysi zsi) is the i-th satellite's

t hr ee- di mems2/e38842 coordi nate vector in the ENU frame; X' PCT/U801y49992i s t he
termnal's first two coordinates in the ENU frane associated 15 with a
serving base station; x ' ') is the veggor of 2D coordi nates of the i-th
satellite in the ENU s = (xS YSi frane;, vT = ( 3 is the termnal’

oo LY eCt or s o hEASS: HORM Pl @gg@gﬁgéw;@i%eg&{ﬁgm% o

hori zontal plan i's a uni he™i -

satellite position ts?nteﬁlﬁg after the g?fbét 6%@5%1]1@%%&5&1”&@‘?&@&5& deﬂc he ENU

frame; x X Bis a unit ector Irected fromthe termnal posi o the
base 1' = ' P - xBiffsstlssibeen gntimiatédomdewmoest énlthereasthertiNilader ane; | x -
Xsi cos z9 = -, _, is the cosine of the angle between the vect or gm ng from

the 1x3D; XS|3DJ 25 satellite, an east north pl ane;
b WO 02/BRgsIekP o SaBobe BN Frate aSionia it B A rRE b fakdnia

rate of chpadg i@dntRECWHR tha MU fime ABodiated wisRtR lehhfal & iR tdrghaefi§ ect of
the satellite’'s notion and carrier frequency offset has been estimted and

renoved) iassumed edstwitin 16 kpl eftke seoviag basetatioad.ur e of the earth, the ENU
frame asso[tibﬁ]ed Mr}cg t}tler}g arseetrwvoI Qrg(ng\%%se (139:[ a'J[& 2 I)é), two or more satellites may

be used to estimate the terminal’s velocity. Each satellite’s residual rate of change of

pseudo-range may be determined as:
10 ﬁéi =—(fbb,i _stat,i _fOsaLi)'ﬂ"Cos(ﬁ) . Eq (163)

This residual rate of change of pseudo-range may be expressed as a function of the

terminal velocity and the satellite and serving base-station locations as follows:

& =v. T -v. 1 = (1 -T)) Eq (16b)

[1058] The measurements from all satellites may be used to form a set of equations,

15  which may be express as:

’ ’ ’ ’ ’ ’ ’ s ]
X~ X XX Y = Vst Y T Vs
[V [y — —r = [
lx —x“] X —XB !x —Xg |x —XB
[&1 ’ ’ ’ ’ ’ ’ ’ r o
&, X TXsr X T X Y " Vsa Y Vs [ & &
=\w-%.] F-7%| PF-x. [F-% =A . Eq(17
M X-%g| [F-x| [F-%s| | % & q (17)
4 M M
n ’ ’ ’ ’ ’ ’ ’ ’
x_xSn _x_xB y_ySn _y_yB
— - o d —r —t —r
X —xSn !x —xSn |x —Xg

[1059]  Using the notations M'=[& & .. & 1" and T’ =[& %], equation

(17) may be expressed as:
M =A'T+N . Eq (18)

20 [1060] The minimum variance linear estimate of the vector U’ may be expressed as:



5 nearly identical with the ENU franme associated with the term nal

termnal is assuned to be within 10 kmof the serving base station).
[ 1057] Siwaez/oisese are two unknowns (i.e., .A and j), twWoPOT/URENI49992

satellites may be used to estimate the termnal's velocity.

satellite's residual rate of change of jgpseudo-range may be determ ned as:

10 A= -(fbb,i - fVsat,i - fosat,i) - <cos(r9) . Egq (16a) This residual
geud ange may be expressed as a function of the

term nal vel oci t‘y—gﬁh ﬁ’e;sét “Mie and servi ng base- statiorfd 9&itions as

rate of change of

Each

(if the

follows: VT. 1Si -VT. 1B = VT || si Ie Eq (16b) [ 1058] The neasurenents

fromall tellites may .be form equati,ons,
be expressﬂ?fsco"inancf(ﬁg .. R:{<B°f$he espuate ol u %(’@ Iessefli‘s xst |
xstl IX -zBl A2 X -X - X-xBY-Ys2 - Y - YBM—Ix-XSZIx-XBIx XS21
I x'-XBl =A" Eq(17) /- J/ | M, M, x - XS" x -xB YYSn YYB | x'-i Snl

( )L05 EqC® 1T and u'
Eq (18) 20

I x'-XBl |x' -xsnRTI—x TRLA'L059] Using the notations [4i A4i

=[A 3K] T equation (17) may be expressed as: M = A u + N.

[ 1060] The m ni mum vari ance |inear estimte of the vector u'

expressed as: WO 02/ 056052 PCT/US01/49992 19 u' = (AIT RN A" )-

may be

Eq (19) ThBDd&laﬁiﬁEstﬁnﬂ&m fox a Terinalowith | Sat&lifeh and dMudfiple Base S tétion

expressed : T=(ATRNA)- t Eq (20)
Ter ni na2 vﬁﬁﬁlls,atéﬁthtt%@n%ds wqmra%w Wé é‘E‘f ftiple b s

I00|t Estlm%tlon fo

£ dheolt

15 whi ch may
|z'-xe |z

"AIT RN M

a

termnal i nuaf - Qe EHeCéhhfh'%ll WidiflatBM kil RinBy b@%ew&gﬁiea%érag@ o8 -the IcBrrpf t

handoff), 'he termnal oscillator frequency i's a wei ghted average of

the carri eﬁrequenc1es of the signals from these base stations. If the weighting coefficients are

known at the terminal, then the carrier frequencies of the base stations may be

determined and accounted for, and any oscillator frequency error, forr, at the terminal

10  would be due to movement of the terminal relative to these base stations.

[1062]  The frequency of the signal received from the i-th satellite may be expressed

Sreai = Joom T fosawi T fysai T fvier,s @8 shown above in equation (2).. Similarly, the

frequency of the signal received from the j-th base station may be expressed as being

equal to the nominal carrier frequency, fuom, plus (1) that base station’s carrier frequency

15 offset, fi, ;, relative to the nominal frequency and (2) a Doppler shift in the base

station carrier frequency, f.,, ;, due to motion of the terminal relative to the base

station (i.€., frys; = Soom T fons; T funsj)- I the relationships between the carrier

frequencies of the satellites, the base stations, and the terminal are known, then the

satellite carrier frequency offset, f, ;, and the base station carrier frequency offset,

20 fou, ;» are also known and may be accounted for. For simplicity, the base station carrier

frequency offset, f, ;. is assumed to be zero for the following derivations.

[1063]  The coefficients ¢, are used for combining the carrier frequencies of the

base stations in order to derive the terminal’s LO frequency. These coefficients are

defined such that the following applies:

NB
25 Doy =1. Eq (21)
j=1



frequencies of the signals fromthese base stations. If the weighting
coefficients are known at the termnal, then the carrier frequencies of

t he basewoat/hwn® may be determ ned and accounted for, apdr/asyi/4s®i || ator
frequency error, f ter, at the terminal 10 would be due to novenent of the
termnal relative to these base stationg. [1062] The frequency of the
signal received fromthe i-th satellite nmay be expressed fRsat,i = fnom+
fosat,i + t,i i 0 erin ' .mlarly, the
frequency [gpé‘ﬂhe ;rlﬁafr[lea %ra,égé)?c\ﬁlg%&f irqg?n&? gye’ {Cft’ﬁ%g@%ﬁ fs}{lg)%ll%ésﬁedrrggy be
expressed as being equal to the nomnal carrier frequency, fnom plus (1)
that base station'sarrier frequency 15 offset, fobs, j ' relative to the
nom nal frequengy, ar%a(wz-)f%gj[loppl er shift in the base statiEpn2Carrier
frequency, fvbs,J , jdue to notion of the termnal relative to the base
station (i.e., f Rbs,; = fnom+ fobs,; + fobs,; ) If the relationships

between the carrier, frequencgies of the satellites,. the_base stations, and
the terni n¥ergNe IRﬁMQmP%é%rﬁl%ﬁfFeSta%el ‘i‘lfIBg’H}aBr‘i’?tgr“dF? 8h EeEgn éﬁ)éjé/t’,%
fosat,i , stati o reier o rreqie I, 20 fobs,; , are

al so knomﬁg%agirlr%aﬁgfa@tﬁzmQdﬁo?c/f“f”'f I‘:tc?re fS| rrpﬁ“%:f? ?{/r{éghe base station
carrier frequency offset, fobs,; , is assuned to be zero for the follow ng
derivations. [1063] The coefficients aBJ are wused for conmbining the carrier

frequemti es of {he. 1 bdsey, SUALI 815, inics der- A0 Mesi-vg, the terBg@a)' s LO

nom nom

frequency. These coeffjhicients are defined suGh that the foll ow ng applies:
NB 25 Ea., =1 . Eq(21) =1 WO 02/056052 PCT/US01/49992 20 [1064] The
termnal's_oscillator fr.equencg/, f ter may then be expressed as: NB fcter
= aBj ' f Fygce the Dapgler shift injthe; base staomparier trpgleRGYhbn: jofiS Bugsle the meHens.

Mul tiplying both sides of equation (22) by A  and substituting Ufnom +
fvbs, j ) A ghe rerpeel e a}twmﬂn%aﬁeowtw, llge il Vipgqnaps igressed:

Ng _
fCter'j’zfnom'ﬂ’—zaBj'(vTilBj) : ECI(24)
j=1
[1065] After downconversion by the LO signal at the terminal, the baseband

10  frequency error for the i-th satellite (which is the residual frequency offset of the signal

received from the satellite) may be expressed as:

Eq (25)

Multiplying both sides of equation (25) by A yields the following:

fbb,i 'Azfnom '/1+fOsat,i 'ﬂ’+stut,i .ﬂ’+ther,i 'ﬂ’-fCter /1 " Eq (26)

15 [1066] Based on equations (24) and (26), the following may be expressed:

Ng _
fbb.i /1 = Jnom '2‘+f05at,i 'A'+stat,i 'ﬂ'+thcr,i 'A_I:fnom 'A’—ZaBj (VT ’ 1B’j)
=1
Ng _
= fOsau "1+fv5az,i "1+fv:er.i "1+Zaﬂj (Vp lsj)
j=l

Ng _
= fOsat.i ”?""(Vsr _‘71)' L, +Za8j (Vr - lBj)
j=1



5 fcter "A = Ea., (fnom+ fobs, j) 2 =fnom' A+ EaB ' fvbs, | 2 . Eq
(23) j=1j=1 Since the Doppler shift in the base station carrier
frequencywobot®sps2 , is due to the notion of the term naPCT/@k@i49y® to the
base station, the followi ng may be expressed: NB fcter ' 2 =fnom 2 - aBj
(vT 1B,) . Eq (24) =1 [1065] After daownconversion by the LO signal at the
termnal, the baseband 10 frequency error for the i-th satellite (which is
t he residual frequency of fset of the signal received from t}tt? tellite)

may be expressed as: Eq (25) Miltiplying both sr des of equatl on (25) by A
yi el ds theEtﬂltaltlbo\@"/r)gnayftbbn be reapangedpgiollowwsat , i a' + fvVvsat,i 2 + fVter,i '
A fcter ~' . Eq (26) 15 [1066] Based on equati ons (24) and (26), rhe

fol |l ow ng nay be expressed NB [qp "2 - from +f osat, +fvsat
D, d

. Atf Vter, i m, 3 2-¢ abj 1B fo t7i A+st A+ther
' A+EaBj (vT 1%0 ff“"NB’1 r%-salﬁ ”vjs( )%?sls' i E aBaﬁq (S)T 1Bj

j =1 WD 02/ 056052 PCT/ US01/ 49992 21 Eq (27) Equat| on (27) may then be
rearranged as follows: f NB fbb,i '2-fCsat, i '2-1Si Isi = EaBj ' (VT
1Bj) -vT '[1067] Ed&Eati28)tellite*d residual rate of change of pseudo-range may be determined

5 based on the measured baseband frequency offset, fbb‘,. , the computed frequency offset

due to the satellite movement, fvm ;» and the computed satellite oscillator offset, fOsat,i ,

as follows:

Bﬁi = _(fbb.i _stat.i _fOSaLi)'ﬂ' )

Based on equation (28), it can be seen that this rate of change of pseudo-range is only a

10  function of the terminal velocity, as expressed below:

A

ﬁgﬁ' =Vr 'Ts:' _ZaBj -(vr 'TBj) . Eq (29)

j=1

[1068] To estimate the 3-dimensional velocity of the terminal based on signals

transmitted from the satellites and multiple base stations, the notations of X =(x y z2)

for the terminal’s coordinates, X5 = (x5 Y5 Z) for the i-th satellite’s coordinates,

15 v, =(& % & for the terminal’s velocity, TS,. =2 Xs for the unit vector from the i-th

|x xSrl

xX-
satellite to the terminal, 1 l——ilfor the unit vector from the terminal to the j-th
X — Xy,

base station, and Qg for the i-th satellite’s residual rate of change of pseudo-range (all

defined above for the ECEF frame in the 3D satellite plus base station case) are used.
[1069] The measurements from all satellites and base stations may be used to form a

20 set of equations, which may be express as:



[ 1067] Each satellite's residual rate of change of pseudo-range nay be
determ ned 5 based on the neasured baseband frequency offset, fbb i , the
conput ed Wo ezjessnz2y of fset due to the satellite novenent, PETWS@49992, and
the conputed satellite oscillator offset, fosat, i , as follows: A
-(/bb,i - fVsat,i - fGCsat,i)'2 Based omequation (28), it can be seen that
this rate of change of pseudo range is only a 10 function of the term nal
vel ocity, as ex ressed Nel oy = VvV, Eae.j NB(VT

i
(29) =1 [1068] = sIZraaB Jéu_%@g ?a?f inci Eea%
based on signal ]x—t~’f’s nsal t t)& chB omféhéfm aie Jtegg, nd xn‘umﬁ pj=e Esexgj

stations, |the| npt ati ons of (x y z) for the termnal's coordi nate
= (xsi ysi| 4 sl) frorx ) he -t h—s:@;elly%ezszs %ord})ﬁaytB S, Zl5zs\£T S (L&} &

the term nal? s=Melogit you %es] ohd- T VECT or el
Ix - xsil {xM gte f||te to thé’terlmnW ’iBET I}TBJIS Péc:)? Le"bm[
fromthetqyrrnl to them-th 1x - XBjl baﬂe station, and pstor th

satel lites tes gual %e oﬁc—odgangeyofySnpsgdo yange (& ne(iabgo e for

t he ECEF f
[1869] Ther?rerrgs Ifcerfxé t = ‘frgr’ﬁ an A el'pi t é3 gﬁ?é Bcage E% afcﬂi"lon!:f1 B

to forma 20 set of equations, which nay be express as: 1@@(3@56052

PCT/ US01/ 49992 22 x-X51 -N, ax-xBi Y - Ysi ~Q Y - YBi Zsl Z - zei Ix
--SI|— " Ix - xBi x-xs,l i~L B Ix - xBi Ix-xsll|l iLaB |X-XI| 1p3|
:1:::11aBi [1070] ~ or simplicityxthg; follpwing omitions saee fefinedxBPEFAgi Px- zBPMN | M M
M

f—t-

and U =[& % & . Equation (30) may then be expressed as:

The minimum variance linear estimate of the vector U may be expressed as:
— Tp-1A Y AT -IXT
i=(ATR{A)TATRIM .

And the covariance matrix, R, of the estimate of U may be expressed as:

R, =(ATR7A)

10 3D Velocity Estimation for a Terminal with Satellites Only

[1071] To estimate the 3-dimensional velocity of the terminal based only on signals

transmitted from the satellites, the notations of X=(x y z) for the terminal’s

coordinates, X =(xg; Y5 2Zg) for the i-th satellite’s coordinates, v, = (& & & for

o L= XXy
the terminal’s velocity, 1 =ﬁ for the unit vector from the i-th satellite to the
X—Xg

15  terminal, and & for the i-th satellite’s residual rate of change of pseudo-range (all

defined above for the ECEF frame in the 3D satellite plus base station case) are used.
Moreover, the terminal carrier frequency error, forer, 1S an unknown for this case since a
deterministic relationship between carrier frequency error and terminal velocity cannot

be established and used to eliminate the carrier frequency error as an unknown. If the



X-Xxsn NB x - xBi Y-YSn NBa Y-YBi Z- Zsn NBa Z-ZBi Ix - xSn|l _ a8 IT -
xej I Ix - xSnl - e Ix - xe; | Ix - xSnl -1 B | _ xBi Eq (30) [1070]
For si nplw@ntgs60i2he fol |l owi ng notations are defined M= [PpeT/UB@/49992sr | T
and u = [a& 3& AT. Equation (30) may then be expressed as: 5 M:Au+N. The

m ni mrum vari ance |linear estimate of theszvector u maybe expressed as:
U=(ATRNA) -' ATRNM . And the covariance matrix, RT, of the estimate of a may
be expressgphigsship BEtweeh AhRNrAequedd) 8FovVah® GérinindESteldbilyl @NwéLR! tRenl & M nal
with Satellites &Iy [1071] To estirate the 3-di nensional velocity of the

t ermi nal baldibnehdajelliin nedaguraingnt mayabssed t@ acconutrfor Hés agdgiteanal yrkaownhe

not ati ons = (X for the termnal's cpofdinates, xS, = (xs; Vysi
zs;) for t[ﬂ@ﬁthgé“é%eﬁﬂ)efet érestf?:LHoPglf‘r}?é{‘fnés,(l'e\rT’éiﬁjéian‘%zﬁﬂ)’fé"‘r hgrore
termnal's locity, 1 = x - Xxs' r..the unit vector., fr she

satellite S[a}c%?lftﬁ%ma};)? e-usﬁ(% ?(0 PR {r}ﬁgr%% ,1gzélnsdve/tl Ocslt, ' f]%arChtsﬂtgﬁ%té £ E\esé%{ag Mie's
resi dugl reftchaie sffpRa@R-RhgdmewBodétamgaed & dhowdeh eqadioality)ewhieh is:he ECEF
frame in the 3D satellite plus base station case) are used. Mreover, the
termnal carrier frequency errpor, foter, is an unknown for this case since
a determnnisti g retd,ienkhi;p eteen carrier frequency error and terninal
vel ocity cannot be established and used to elimnate the carrier frequency
error as an unknown. |If the WO 02/056052 PCT/US01/49992 23 relationship
bet ween caFhis eesidyabgate redchengeoel pyetde-sangenapy beleapressedi as avdanetion ipérthen
additional _satellite ur : d ¢ ] s additional
unknown. tf’"f@‘?% V%?C tggl%? eersg@?é a?%%err%ﬁﬁ%ﬁ%\/_\%é&?@gg%{ﬂ%a; {.%Hﬂwghd foter )’
four or nore satellites may be used to estimate the termnal's velocity.
Each satellite' g r-esigual rgge 5 of change of pseudo-range 3h

determ ned as sﬁ%vvnrilrg\' egoﬁeétion (10), which is: A = -(fbbfm?/(-?stat, i -
fosat, i) . 2 This residual rate of change of pseudo-range nay be expressed

as a fgnct A@din OthetsARllite’s residual rate of change of pseudo-range, g, may be estimated
“based on the estimated baseband frequency error, fbb’ ;» the estimated satellite Doppler

frequency shift, fvm_i, and the estimated satellite carrier frequency error, fo. ., as

shown in equation (10).
[1073] The measurements from all satellites may be used to form a set of equations,

15  which may be expressed as:

—x_xSI Y~ VYa I~ Zg +/1—
4 F-%,| [F-%| |F-% o «
& i X —Xgo Y~ Yso L~ %5 A1 & _ ®
vlT % F-% -l «|"A &| FEaGD
ﬂg’n M M M M _fOler fOter
X~ X, Y= Vsa -2, + 1
_lx_xSn lf—fSn |‘f_fSn

[1074]  Again, the notations of M =[g&, & .. & 1" for the vector of residual

rates of change of pseudo-ranges and U=[& % & f, ]’ for the vector of unknowns

20  are used. Equation (32) may then be expressed as shown in equation (13), which is:



termnal velocity and the satellite and serving base-station |ocations as

follows: Ii = vT . isi + foter 2 . Eq (31) 10 Again, the satellite's
resi dual WGDHOSBf)SZChange of pseudo-range, i , nmay be estinecrdsobased on the
esti mat ed baseband frequency error, fbb i , the estinmated satellite Doppler

frequency shift, fvsat,i 7 and the estipgated satellite carrier frequency
error, fosat,i' as shown in equation (10). [1073] The neasurenents from
all satel |[110¢§1 MY hE enifHfen VaridieE Mndars@timafe &QH@%&&Su mAﬁbwex BssBd¥is be
expressed as: X - Xsi Y- Yst Z- Zst + 2 Ix - xSil Ix-TSi1T Ix - zS| I X -
Xs2 Y - Yssho@n-in gguntien Al4), whighfgy (32) M= IT - xS21 IT - -S21 IX - TSZl A
MMMMf Oter foter x - xsn Y- Ysn Z- Zsn + 2 Ix - xsnlx - xSnl 13E -xsnl
[1074] Again, the notatlons of_M [A i . Al IT for the vector of
residual rat esuef(AcBan‘g)e AR p¥eudo- r anges and u = [J& 3& foter]T for the
vect or of unknowns 20 are used. Equation (32) may then be expressed as
shown in equation (13), which is:  MAu+N . WO 02/056052 PCT/US01/ 49992 24
[ 1075] TheT c‘mvmﬁoeamt%é’er of Hestimaeioft mayrbeenpresssdias sh ‘REWW%@UO“
expresged @s AGWe. i n equation (14), which is: u=(ATRNA)-"ATRNM . The
covari ance n)étrlx RT, of the estimate of u may be expressed as shown in
equation 5 (15) whi ch is: RT =(ATRNA) 2D Velocity Estimation for a
Terminal with L |y [1076] To estimate the 2-di nensional velocity
of the terninal Bas d orh'i\ on signals

2D Velocity Estimation for a Terminal with Satellites Only
[1076] To estimate the 2-dimensional velocity of the terminal based only on signals

transmitted from the satellites, the notations of X =(x" y’) for the terminal’s

10  coordinates, X =(x}; ys) for the i-th satellite’s coordinates, v, = (& ¥) for the

b d —_

lf, - )_C;zl

terminal, and && for the i-th satellite’s residual rate of change of pseudo-range (all

terminal’s velocity, 1; = for the unit vector from the i-th satellite to the

defined above for the ENU frame in the 2D satellite plus base station case) are used.
Moreover, the terminal carrier frequency error, forr, 1S an unknown for this case.

15 [1077] Since there are three unknowns (i.e., & ¥ and f,,), three or more

satellites may be used to estimate the terminal’s velocity. Each satellite’s residual rate

of change of pseudo-range may be determined as :

&i = —(fbb,i - f‘Vsm,i - fOsal,i) ’ ﬂ’ 'COS('I9) .

This residual rate of change of pseudo-range may be expressed as a function of the

20 terminal velocity and the satellite locations as follows:

@i =V‘l"'15i +f0ter /‘L

[1078] The measurements from all satellites may be used to form a set of equations,

which may be express as:



transmtted fromthe satellites, the notations of x = (x y') for the
termnal's 10 coordinates, xsi = (xsi ysi) for the i-th satellite's

coor di natve@ 02/656032( A A) for the terminal's velocity, |si =PgTAROT/499r t he
unit vector fromthe i-th satellite to the Ix - xsil termnal, and 4i for
the i-th satellite's residual rate of egange of pseudo-range (all defined
above for the ENU frane in the 2D satellite plus base station case) are
used. Moreover, thertermnal carrvier fyequency error, foter, is an unknown

for this case. 15 [ 1072 Sinc e+atp three unknowns (i.e., a4iy and

foter ), three or ré‘c—graﬂ]ellxt-efsllrmy e used to estinmate the term nal'’

vel ocity. Each k&, Ilite's reS|duaI ratg ch n& of pseudo-range nay be
Cgc 1), . ¢cos(9) This residual

determ ned as : @ (bbb, - fNsat "1
rate of change Dbf ’pseé Q)—Cringi-n@ Jeb pJS’he séd| a¥ h.functi I GB) the 20
term nal vel oci tyYMand"t he®%at |I¥ | ocl zlosaffolows ~1A =vT 'S
+ foter - A. [[1g7§] TheMmasureMentsM fiall sd lites may be used to
forma set of equati ons-x;whi gh—ngy b express as: WO 02/ 056052

PCT/ US01/ 49992 25 ‘(I xs%% —¥stle ’]xSt IT-xt s i Adz x - Xs2 Y -
Ys2 + 2 M= Ix - -S2LR T2 Pe" A% gq (B3) MM M foter foter X - xsn Y -
Ys,, + 2 1x - zSn ( Ix-xSn[1079] Using the notations M =1[4; 4; ... j4,

I T and u [;[hfsvﬁ‘f\}]pghngi @g%ﬂtﬁﬂs 122} glByget Nen goqr exRr §5S6¢ Qﬁr R

equation (
(33) may then be expressed as shown in equation (18), which is:

M =A'T+N.

5 [1080] The minimum variance linear estimate of the vector U’ may be expressed as

shown in equation (19), which is:
— 'Tp -1 1 T -1xa’
7 =(ATRIAATRIM .

The covariance matrix, R'T, of the estimate of U’ may be expressed as shown in

equation (20), which is:
10 R’ =(A"RJAY)

[1081] FIG. 3 is a flow diagram of an embodiment of a process 300 for estimating
the velocity of the terminal based on signals from the satellites and base station.
Initially, the position of the terminal is estimated, at step 312. The terminal’s position
may be estimated based on pseudo-range measurements derived from the arrival times
15  of the signals transmitted from the satellites and/or base stations, as is known in the art.
The position of a base station (e.g., the serving base station) is determined at step 314,
and the position of each of two or more satellites is determined at step 316. The
positions of the satellites and base station may be determined, e.g., by the base station

and reported to the entity performing the velocity estimation for the terminal.

20 [1082] A residual rate of change of pseudo-range, &, is then determined for each
satellite to be used to estimate the terminal’s velocity, at step 318. The residual rate of

change of pseudo-range may be estimated based on the baseband frequency error, fbb,,. ,



M=Au +N . 5 [1080] The m ni mum variance |inear estimte of the vector u'
may be expressed as shown in equation (19), whichis: U = (AITRN A)-"A
| T RN Mwdahsowoszari ance matrix, R~., of the estimte of BCT/EYI/49892
expressed as shown in equation (20), whichis: 10 R _ (ATRNA)-1
[1081] FIG 3 is a flow diagramof an egbodi nent of a process 300 for
estimating the velocity of the term nal based on signals fromthe

sat el | i t esshifltcddP eddhAdddiiite (clgli By Mel térmihilg 2R@ShE sALILRS DbPSlet REqHeNBY 1S
estimated, at step 312. The terminal's position nay be estinated based on
pseudo- r angeft, MEAS UYlestifanes fotegack aateflitom thbaeradinal\irisition|TBsdeksbribdd dboee $m gnal s
transnitted fromthe satellites and/or base stations, as is known in the
art. The qeesatiéd (10).00tier kehriqatsiol estim@e.the residual @6 of digngastepssidd-ranpg | S

determ ned at ste 314, and the position of each of two or nore satellites
i s det er niTR&Yalae b%t‘@ﬁ aB‘iGre within thioscops ghdie gpvepHen-sat el | tes and base
statiog de e f H t he
onti ty Soerm QR ng PTelof Eftuufoplis bl hiiRa 581 Shike Blemiich PORISATANT

residual rtatreinelf tiehbasgestadionpsedithe- tmengremor sateltites haad ttieldetlermmedl résmluadaach
satellite to b sed t i mate the termnal's, vel ocit at st 318. The
e tunl TS At BT FRiERt 0 i SRS, T hste o b s USRS B
baseband fdheaHgRe uioh@12) ft)pbatdlms@&{a@&ﬁ 51'éc g?fﬂa’n%@lfr@%@.ﬁl%n 2H f%?ﬁ'zmit ed-

for each satellite (e.g., by the term nal he satellite Dop
frequency digiensional f(ogateasti northysframet é”dixef@ﬂocetaccbf hattetminaleisahen h@tlm@tmln nal

posi tion, ri bed. aboye in uati o her nlquest
ot il (e ST i aRf O SRAtGH an o7 bt Ahelidio Thofe 1ML Suhlieng anc
are withi ruphﬁ,rslfeopa fedmdé.he invention. 5 [1083] A set of equatlons i's then

formed based on the determ ned positions of the term nal, the base

station, dA884lhe e flow diwgmmsshasn in BIG. shmayrhe medifiedifer thercmbadiments r at es
o change ShoRRAUEsE SR A% e RIS ofied Sl AU s Do
equation (titah)srnﬁttnrd feorR theddaratlite$ (anelnof Erom. the baset stanmnt }n) Fdritizaye embhdimeatsoci t y
of 't hQI 5t ertg1e gase sltastlo% seprz)m%%%llsnr?ét%%eded and step 314 may be eliminated. Moreover, the
residual rates of change of pseudo-ranges are determined for three or more satellites, in
step 318, and the set of equations further include an known for the terminal carrier
frequency offset, fower, as shown in equations (30) and (32).
[1085] The computations to estimate the terminal’s velocity may be performed at
20 the terminal, the base station, or some other entity capable of forming and solving the
proper set of equations, as described above. The entity performing the velocity
estimation is provided with the required information, which may include (1) the position
of the terminal, (possibly) the base station, and the satellites, (2) the estimated baseband
frequency errors for the satellites, and (3) the estimated Doppler frequency shifts for the
25  satellites, or some equivalent information.
[1086] The velocity estimation techniques described herein may be implemented by
various means. For example, these techniques may be implemented in hardware,
software, or a combination thereof. For a hardware implementation, the elements used
to estimate the terminal’s velocity may be implemented within one or more application
30  specific integrated circuits (ASICs), digital signal processors (DSPs), digital signal
processing devices (DSPDs), programmable logic devices (PLDs), field programmable

gate arrays (FPGAs), processors, controllers, micro-controllers, microprocessors, other



10 based on the set of equations, as shown in equation (14) for the 3-D
frame or equation (19) for the 2-D frane. [1084] The fl ow di agram shown in
FIG 3 maobzossotdi fi ed for the enbodi nents described aborernmkersar t he
termnal's velocity is estimated based only on signals transmtted from
the satellites (and not fromthe base stations). For these enbodi nents, 15
the base station's position is not needed and step 314 may be el i m nated.
Mor eover, d1fi®ron{EhifUddsighdd &8 peffosh andfinefioRs@ueidbdiongan, af 8 cifibalafibned for
three or nore satellites, in step 318, and the set of equations further

i ncl ude arthemeofan for the terminal carrier frequency offset,foter, as shown

in equati 30) Land 2). [1085] The nmput ations to estinate the
torminal S108TToc) FOF reyniarempmerhuatay RESHORY BRFR R RIS 28 b at i on,
or sonme otikfilefiéitéd Withapahles (Jé.gr.t PrdtctireNUn&Une] AR 66 &n) PRAAREfoFA thef
equations, as described above. The entity performng the velocity

est i ma®i orfupetigns sigpasidgd hierein.t e seflipre cgdesnmay hastased inyh memamaynit i@ Bude (1)
the positi ! i a i

satel 11t esnopafl HERG Dl Rreqh ERT ] Pridestdnie B2 BuB R 2AD), 2 gheiory

sat el | i t esyniendy (b3)iniphané@néd withindthBgppdessorf orateenalytoshe piscefsor, inhehickS
satellites, or sone equivalent infqormation. [1086] The velocity estimation
t echni quesCaaRECAN Be GORBRBIGIUKRY CORPIFA BRPHCEHORYI2 \AEOPS SaRieasis knpyh

exanpl e, ngﬁﬁm£echniques may be inplenented in hardware, software, or a
conbi nati on thereof. For a hardware inplenentation, the elenents used to
esti ndt0e t[1688Jer nmHzadings el cludgd heyeibdon ngféreneenamt taniatdhim losa@Eng ceram e
application 30 specific integrated circuits. (ASICs), .digital signal

o bcessor Sepiee) Thest radiesar Aot inegitst b gheractk of thlkgsiins BRBpd mabi o
| ogi ¢ devigegid bides) andf thedededdt s AHyEIVE apPREBilRY iR Ysher SESaAdRS thidh sors,
controllers, mcro-controllers, mcroprocessors, other W 02/ 056052

PCT/ US01/ 4beemtire2pecifieationoni ¢ units designed to performthe functions
descri bed in, -Qr C i nati.on er. . ] For. twar

ool crent 0BT A8 pB A BB of M E g ey 5 Bro e eavie 4 i 1
modul &% (ear§. peRoRCllgdesn theingt itonmak@nst age ARy prékht ARVENGIOM t Meariols
functions described herein. The software codes may be stored in a nenory

uni t (e. g.modifications to these embodiments will be readily apparént to those skilled in the art,
and the generic principles defined herein may be applied to other embodiments without
departing from the spirit or scope of the invention. Thus, the present invention is not

intended to be limited to the embodiments shown herein but is to be accorded the widest

20  scope consistent with the principles and novel features disclosed herein.

[1090] WHATIS CLAIMED IS:



menory 242 FIG 2) and executed by a processor (e.g., controller 240). The
menory unit may be inplenmented within the processor or external to the
processomwoObnoishizch case it can be conmuni cativel y coupl pATAS0149292
processor via various neans as is knowmn in the art. 10 [1088] Headings are
i ncluded herein for reference and to aipg in | ocating certain sections.
These headings are not intended to |limt the scope of the concepts
described therein under, and these cpaqpis My have applicability in

ot her sections throughout the entire specification. [1089] The previous
description of the disclosed enbodinents is provided to enable 15 any
person skilled in the art to nake or use the present invention. Various

nodi fications tb thedemsHioddiforesstimaling apaeloshni ofy agpgranieaht it @ trirpdess
skilled,in_th I t ener.ic principles defined herein may be
applie%ixfo %@C%inggﬁgghggnaﬁﬁﬁ%ut departing fromthe spirit or scope of
the invention. dditmininfe pesi€iseof themstamhdlon is not intended to be limted
to the enbodi ments shown herein but is to be accorded the wi dest 20 scope
consi stlent wi t hdat$EIHAE dPPpitias obkBassStasion i s@mmuBicalia ViR the teamiaaly. [ 1090]
VHAT | S CLAI VD Ginidi0: 03 G60 8P R NROD A9R021ciRB LA MS 1. A et hod f or
estimating a velocity atermnal Tn awreless comruni cati on system
conpri €@ ng: detforming @t of gpmiibnsorased o the deermined| posidiodebetharitarinigpl athe
position of a base s%ﬁ%ion in connéﬁ%cati nwith the termnal; determ ning
a positi onPa5f S@UEH aBf e RO MYP satelliesi Md es: 6 forming a set of equations

based @n the deésﬁfxﬁtiﬂ?%e%ﬁic‘it&gﬁ&e%nﬁihﬁ YaSdd bRk setltdir%qum%@. station, and

the two or nore satelTites; and 8 estimating the velocity of the term nal

based on the set of equations. 2. The nmethod of claim1, further
conprising: 2 deternjning,a,residual.rate of change of pseudo-range for
each satellit g%and%%@?@?% ofﬁ%‘%itfugsérecﬁﬁ;ﬁqsgﬁs is further fornmed based
on the et er m n@derhfifing da¢sidual rate of change of pseudo-range for each satellite, and

wherein the set of equations is further formed based on the determined residual

4  rates of change of pseudo-ranges for the two or more satellites.

3. The method of claim 2, further comprising:
2 downconverting a received signal having included therein a signal transmitted
from each of the two or more satellites to provide a baseband signal; and
4 estimating a frequency error of the baseband signal for each satellite, and
wherein the residual rate of change of pseudo-range for each satellite is

6 determined based in part on the estimated baseband signal frequency error for the

satellite.
4. The method of claim 3, further comprising:
2 estimating a Doppler shift in the frequency of the signal transmitted from each

satellite, and
4 wherein the residual rate of change of pseudo-range for each satellite is further

determined based in part on the estimated Doppler frequency shift for the satellite.

5. The method of claim 4, further comprising:

2 estimating an offset in a carrier frequency of each satellite, and



4 rates of change of pseudo-ranges for the two or nore satellites. 3. The
met hod of claim 2, further conprising: 2 downconverting a received signal
havi ng i meO azlesdoizherein a signal transmtted from each oPCT/so489920r nore
satellites to provide a baseband signal; and 4 estinmating a frequency error
of the baseband signal for each satellippe, and wherein the residual rate
of change of pseudo-range for each satellite is 6 determ ned based in part
on the estinategyhasahandidiagnd of ERABERE Ys@IdbRhndefor & saddfi@!il Firfher 4. The
met hod of claim3, further conprising” 2 estimating a Doppler shift in the
frequedcy deterntimedshagerhin partaamgthe cstionhtéd sutnlbtgchrries ftequidnicy offsetnd 4 wherein t he
residual rate of change of pseudo-range for each satellite is further
determ ned based in part on the estinated Doppler frequency shift for the
satellite. 5. The nethoghetod Of i, Wibréifahe eidfal sdt@8f cRan@s lof FRéUddI an
offset in a carrier frequency of each satellite, and WO 02/ 056052
PCT/ US@1/ 499g2for eachyatellite is determieasi asal rate of change of pseudo-range for
each satellite is furthex 4 determ ned based in part on the estinmted
satellite carri & FWequefey) ch fset. 6. The nethod of claim4, wherein the
residual rate of change of pseudo- 2 range for each satellite is determ ned
as: A2 (fBBE® - fvsat,i) . 2 4 where Al is the residual rate of change.of
pseudo-range forg an.i-th .satelljite. 6 S st baseband
si gnal frequencé&e‘? thrr e%lglrla?t“ﬁ!éof él{aﬂg%%{&?}l‘??@ngéf vrsag’tl:t%] gi?[éﬁ%‘ue esti mat ed
Doppl er, frequengy shift for e j-th satellite, and 8 Ais a wavel ength
associ & ed wit h/ehé @Fsﬁapat?qﬁ Q@fp@%@ sigtehiregeary pRer forthe i siglifiod of ol ai m
4, wherein the Doppler frequency shift for each 2 satellite is estimted
at the terninal fpgsistthoestimaed Popplendrdgquencyf shift forithei-thgawllideandhe set of
equati ons conpri ses:

8 A is a wavelength associated with the signal from the i-th satellite.

7. The method of claim 4, wherein the Doppler frequency shift for each

2 satellite is estimated at the terminal position.

8. The method of claim 2, wherein the set of equations comprises:
2 M=Au+N ,
where

4 M is a vector of the determined residual rates of change of pseudo-ranges for
the two or more satellites,

6 A is a matrix of elements derived based on the determined positions of the
terminal, the base station, and the two or more satellites,

8 u is a vector for the terminal velocity, and

N is a noise vector.

9. The method of claim 8, wherein the velocity of the terminal is estimated

T=(ATRJA)'ATRIM ,
4  where

R is a covariance matrix of noise measurements.



2 MFAU+N , where 4 Mis a vector of the determ ned residual rates of
change of pseudo-ranges for the two or nore satellites, 6 Ais a matrix of
el enent s wien2/ewos2based on the determ ned positions of thepCcr@son4v9d2, the
base station, and the two or nore satellites, 8 uis a vector for the
termnal velocity, and N is a noise vggtor. 9. The nethod of claim 8,
wherein the velocity of the termnal is estimated 2 as: U =(ATR- A-'AT
RN 4 where RN i a TiVasthadoLclamt 8] whedéind satrixeasiddimeahs. WO 02/ 056052
PCT/ US01/ 49992 30_10. The nmethod of claim8, wherein the matrix Ais
defined as: 151-lel?-A=| M |sN-18 where 4 18 is a unit vector directed
froman i-th sa ellitﬁkp sitionto the termnal position, where i is an

i ndex r the tiwo jor nore’satellites, and 6 1Bis a unit vector directed
fromthe term nal plstti pn to the base station position. 11. The nethod of
claim2, wherein the velocity of the termnal is estimated 2 for a

3-di nensi onldref rane. 12. The nethod of claim 11, wherein the 3-dinensiona
frame is based an an 2 ECEF (earth centered, earth fixed) frame. 13. The
met hod dof cl ai mk2,is whanisi vecioneditestedcirom an itthesatedlitai pRsitionstoathe fegmingl 2 f or

a 2-di nensional frane. .. .. . )
position, where i is an index for the two or more satellites, and

6 I, is a unit vector directed from the terminal position to the base station
position.
11. The method of claim 2, wherein the velocity of the terminal is estimated

2 for a 3-dimensional frame.

12. The method of claim 11, wherein the 3-dimensional frame is based on an

2 ECEF (earth centered, earth fixed) frame.

13.  The method of claim 2, wherein the velocity of the terminal is estimated

2 for a 2-dimensional frame.

14. The method of claim 13, wherein the 2-dimensional frame is based on an

2 ENU (east, north, up) frame.

15. A method for estimating a velocity of a terminal in a wireless
2 communication system, comprising:

determining a position of the terminal;
4 determining a position of each of three or more satellites;

determining a residual rate of change of pseudo-range for each satellite;
6 forming a set of equations based on the determined positions of the terminal and

the three or more satellites and the determined residual rates of change of pseudo-ranges

8 for the three or more satellites; and

estimating the velocity of the terminal based on the set of equations.

16.  The method of claim 15, further comprising:



14. The method of claim 13, wherein the 2-dinensional frane is based on an
2 ENU (east, north, up) frame. 15. A nethod for estimating a velocity of a
term nal weoz0is32el ess 2 conmuni cati on system conpri si nBCT/@StIeMM2Ni Ng a
position of the termnal; 4 determning a position of each of three or nore
satellites; determning a residual rategiof change of pseudo-range for each
satellite; 6 formng a set of equations based on the determ ned positions
of the 2|t er mi nal gafttontding A& R dBNA Mgl ihtlhesd aRebid Heighl ehnimedd
residual rates of change of pseudo-ranges 8 for the three or nore

sat el | i t esfromredclestt thethregior mbre setellves toyreide ibaseband sigilal;zaded on t he set of
equations. 16. The .nethod of cl ai 5, further ri.sing;. WO 02/ 056052
T Usth 49902 e TasMEA AL ErPhG B peserib Gt SR S AT uded
therein a signawhéeansE réstfhal framEBIMRS of BReldd ARz ToMach SakRit iites to
provi de a baseband signal; and 4 estimating a frequency error of the
basebafd sdajgratingdopasedcin pait en|the estimplgd hasehaa signed freqyentyagrmorafos the
change of a§e§Hgo-range for each satellite is 6 determ ned based in part on
the estimted Baseband si gnal frequency error for the satellite. 17. The
met hod of claim 16, further conprising: 2 estimating a Doppler shift in the
frequency of the signal transmtted fromeach  satellite, and 4 wherein the
resi dual rate o¥7-chg§}§’eﬂ‘5‘f}‘°§§5’€}8’é‘1 LefyehsrcompEsmesat el lite is further

det er msed based,.i.n.:par.t . j i th

_ tind3til D&;g)é% i inaetedetRra & @g&ﬁﬂﬁxaéd% daPh the
satel | |2Pe. 18. The nethod flrc;ﬁg?m 15, e\ﬂﬂheer int gg\t}/le ocity of rt%‘e at erm nal
i s estimtegblli?, 4mr a 3-di nensional frane. 19. The net hod of clai m 15,

e 1 Bl b o e B T

term nal i #ei@mined based in part on the estimated Doppler frequency shift for the satellite.

18. The method of claim 15, wherein the velocity of the terminal is estimated

2 for a 3-dimensional frame.

19. The method of claim 15, wherein the velocity of the terminal is estimated

2 for a 2-dimensional frame.

20. A computer program product for estimating a velocity of a terminal in a
2  wireless communication system, comprising:

code for receiving a position of the terminal, a position of a base station in
4  communication with the terminal, and a position of each of two or more satellites;

code for forming a set of equations based on the received positions of the
6 terminal, the base station, and the two or more satellites;

code for estimating the velocity of the terminal based on the set of equations;

8 and
a data storage medium configured to store the codes.
21. A terminal comprising:
2 a receiver configured to downconvert a received signal having included therein a

signal transmitted from each of two or more satellites to provide a baseband signal;



2 wreless communi cation system conprising: code for receiving a position
of the termnal, a position of a base station in 4 comunication wth the
t er mi nal wanziosmojrosi ti on of each of two or nore satelliteBCT/USde9bTr
formng a set of equations based on, the received positions of the 6
termnal, the base station, and the twgpor nore satellites; code for
estimating the velocity of the termnal based on the set of equations; 8

and a data st or@a&naafimafrb&qwaiutroeauhmesa@fequém &RARS the Bdsebdhd! §HI nal
conprising: 2 a receiver configured downconvert a received signal having

i ncl uded tﬂ@ev:@hrsaalhtswgldal t ransmi tted fromeach of two or nore satellites
to pr oy de a baseb ng ;%nag]v' tV\D 02/ 056052 PCT/ US01/49992 32 4 a
denodul ator con??(ﬁﬁﬁp %t e a frequency error of the baseband signal

for each satellite; @bsinfinedaGendulrherofofiRngd iof Hséiodahgy fdrNéach sarflitlual
rate of change oqu)seudo range for each satellite 8 based in part on the

esti matBed basebkased BY ppstdn the esfinesied baseband signal freguesgy enrer fopthe Sﬂr@Hm,a set of
equations based on thc, det ey H?ﬁ’cixﬁ%?éed'o%% Alte @g&!ﬂl&%'oft ﬁn}?@r{?
ites, and esti g y o he

station, and the two or nore a vel oci

term niaii based ©Obastkatisgtandftheespoadrimers satgRitesThal t erm nal of clai m 21,
wherein the residual rate of change of pseudo-_ 2 range for each satel lite
is further deterni ned$tiBRievelopity ttheotﬁn'a’r‘i‘ab'éacsF%‘i‘g}?%?frﬂqé‘?tm‘\sr equency
shift for the satellite. 23. An apparatus conprising: 2 neans for
downconverting a received signal having included therein a signal
transmitted fro28.eachheoterminal afrclaror 21, yeteedih itheenssidoalpam\dfctbangebﬁqmdummd

signal ;. 4 maan for, estinat.i a frequen error of the baseba si gnal for
ohon 62 o BrenTor Sih “BleUTE i Mgr (LRERRA wstd o o8t strin PATEAE] Dobafa of
pseudo- r ang&ukREy S for the satellite.

23.  An apparatus comprising:

2 means for downconverting a received signal having included therein a signal
transmitted from each of two or more satellites to provide a baseband signal;

4 means for estimating a frequency error of the baseband signal for each satellite;
and

6 means for determining a residual rate of change of pseudo-range for each
satellite based in part on the estimated baseband signal frequency error for the satellite,

8 forming a set of equations based on the determined positions of the terminal, a base
station, and the two or more satellites, and estimating a velocity of the terminal based on

10  the set of equations.

24. A method for determining a velocity of a terminal in a wireless
2 communication system, comprising:
determining an offset of a local oscillator at the terminal;
4 estimating a first Doppler shift in the frequency of a first signal received at the
terminal from a first transmitter;
6 estimating a second Doppler shift in the frequency of a second signal received at
the terminal from a second transmitter;
8 estimating a third Doppler shift in the frequency of a third signal received at the

terminal from a third transmitter; and



satellite based in part on the estimted baseband signal frequency error
for the satellite, 8 formng a set of equations based on the determ ned
posi ti onav@h2/03ses2t er mi nal , a base station, and the two orPaDUSOIBEAIE! | it es,
and estimating a velocity of the term nal based on 10 the set of
equations. 24. A nethod for determning3a velocity of a termnal in a

W reless 2 comunication system conprising: determning an offset of a

| ocal q@sci | | at ofer@nififg theedTbeid) of the EStiinA balt@ éh fheNSda) BOARASF offitfahdi N the
frequency of a first srgnal received at the termnal froma first

transm tt esstintitesof iheefish gecand.cod tirdbpppler fregiieney shifts.he frequency of a
second signal received at the termnal froma second transmtter; 8
estimating a third Doppler shift in the frequency of a third signal

recei ved at theps.t erThdalethol @Mctithlid; B Hefedi 8 éstigfates BTAhdBrdd2de060l) 28d
PCT/ US01/ 49992 33 10 determ ning the velocity of the term nal based on the

| ocal @scithirdt Boppler feequaray sbidts| pwer @Eovided: By R base, stgbeia, thengviralase d
Doppl er fr i 25. The nmethod of claim 24, wherein the estinates
of the fi rg%g@%’%ﬁo@,sﬁtﬁ@. 2 third Doppler frequency shifts are provided by
a base station in the wireless conmunication system 26. The nethod of
claim24, further conpri si r enovi ng the estimates of the first,

%

ing: 2 |
second, and t hi ¥ DoB‘Eﬁ@Ftthéﬁ?}é%%vsfHF ILOMPrgRet he first, second, and
third sgnals, feﬁ%@ﬁfﬁtt’hg%tﬁ‘la@g of HeerifELBAhIOhné litid DS leﬂ"ﬂ_@cﬁﬁh& ks
ocal” osci 2 of

determ ning the at or set 1 ncludes performng a coherent
i nt egr at i oftomabefirsosecontaztd thivd sigealsirespesfivalyn (FFT) to 4 provide FFT
results. 28. The method of claim27, wherein the determ ning the |ocal
oscillator 2 offset further includes non-coherently integrating the FFT

results. 27.  The method of claim 24, wherein the determining the local oscillator
2  offset includes
performing a coherent integration based on a fast Fourier transform (FFT) to

4  provide FFT results.

28. The method of claim 27, wherein the determining the local oscillator
2  offset further includes

non-coherently integrating the FFT results.

29, The method of claim 28, wherein non-coherently integrating includes

2 squaring and accumulating the FFT results.

30.  The method of claim 29, further comprising:
2 sorting the non-coherently integrated FFT results into a plurality of frequency

bins.

31.  The method of claim 28, further comprising:
2 despreading the non-coherently integrated FFT results.

32. The method of claim 31, wherein the despreading includes
2 correlating the FFT results with a pseudo-random noise (PN) sequence at a

plurality of PN phases.



29. The nmethod of claim 28, wherein non-coherently integrating includes 2
squaring and accunul ating the FFT results. 30. The nethod of claim 29,
further owopr/H®DI2g: 2 sorting the non-coherently i ntegratrdT/BETi/49eRUl t S
into a plurality of frequency bins. 31. The nmethod of claim 28, further
conprising: 2 despreading the non-cohemgntly integrated FFT results. 32.
The method of claim 31, wherein the despreading includes 2 correlating the
FFT results with a pseudo-random noise (PN) sequence at a plurality of PN
phases. WO 02/056052 PCT/ US01/49992 34 33. The nethod of claim 32, further
conprising: 2 i¥entiTha methpdef elaiem32.furibercompris@gPN phase associ at ed with a

maxi mu correl.ated val 0 f f her si ng:
2 i denz fying @F“@%{ Orraﬁ%cﬁl {% sf?mﬂ%% :Le%llj\fe)r?g%eofa rgO%fétego%ﬁehsgonélgﬁgJ 0 an
FFT bin wdrkidi&Evdreesi mum correl ated val ue. 35. The net hod of cl ai m 34,
further conprising: 2 deriving a pseudo-range neasurenent for each

transmtter based on the identified PN phase; and 4 deriving a residual

rate of change {p Cls—gt%(rjnﬂ%trggglgﬁd?ﬁlz?g AR NS l?glgﬂ%lfi ed frequency offset.

36. The nethod © r npri si determ ning a position of
t he te2m nal baigextifgingforbabh- trm@atama\mqwn@nbﬁfseft ocorredpbrdihg tsbn FF¥&dand, and
third transmtters 37. Th thod of claim 36, wherein the residual rate
of change With fEdudmum Gogys WU%ach transmitter is determned by

mul tiplying the identified frequency offset for the transmtter by a

wavel ength for the signal fromthe transmtter. 38. The nmethod of claim 37,
further conpris3hg: The method of claim 34, further comprising:

2 deriving a pseudo-range measurement for each transmitter based on the
identified PN phase; and
4 deriving a residual rate of change in pseudo-range based on the identified

frequency offset.

36.  The method of claim 35, further comprising:
2 determining a position of the terminal based on pseudo-range measurements for

the first, second, and third transmitters.

37.  The method of claim 36, wherein the residual rate of change of pseudo-
2 range for each transmitter is determined by multiplying the identified frequency offset

for the transmitter by a wavelength for the signal from the transmitter.

38.  The method of claim 37, further comprising:
2 estimating the velocity of the terminal based on an estimated position of the

terminal and estimated positions of the transmitters.

39.  An apparatus for estimating a velocity of a terminal in a wireless
2 communication system, comprising:
means for determining an offset of a local oscillator at the terminal;
4 means for applying the local oscillator offset to a first equation relating to a first
satellite, a second equation relating to a second satellite, and a third equation relating to

6  athird satellite; and



2 estimating the velocity of the term nal based on an estinmated position of
the termnal and estimated positions of the transmtters. 39. An apparatus
for estimadbngsees2vel ocity of a terminal in a wireless 2 BPOWUNOI/499492 ON
system conprising: means for determ ning an offset of a |local oscillator
at the termnal; 4 nmeans for applying tige | ocal oscillator offset to a
first equation relating to a first satellite, a second equation relating
to a second satghldst for @Mind thé ird, SQUGHd, Ofhd! BliRt biMhtibAs sEn@tdnBbiilly to
satellite; and WO 02/ 056052 PCT/ US01/ 49992 35 means for solving the first,
second,8 anptovide ad egtipuate pbthe velagity vhthedetipalt o 8 provi de an estimate of the
velocity of the termnal. 40. Aterminal in a wreless comrunication
system conprising: 2 neans for deternmning an offset of a local _
oscillator at t4ig teARimdhal inB¥deldsOEofuhidBtiog send comprilappl er shift in
the frequency of a first signal 4 received at the termnal froma first
transma ter; neaeansifordeermingg angffsetosedect! prepliaterat S texminal; t he frequency
of a second signal r ived at rm.palk  fro opd nsmtter;
means for est | HREGtos S it Bookfer (hithn i FedudEl A e 4 TE o
si gnal 4 8 feesieéd/fdh@fermiinal fremni fivdd trinsointa; third transmtter; and nmeans for
estimating a velocity of the term nal based. on the local aogscillator 10
of fset and estiM&ine opestimpsing jarsggondglderper, shifhin theifrequensyf @rseeondyuignty
shifts ‘6 received at the terminal from a second transmitter;

means for estimating a third Doppler shift in the frequency of a third signal
8 received at the terminal from a third transmitter; and

means for estimating a velocity of the terminal based on the local oscillator

10  offset and estimates of the first, second, and third Doppler frequency shifts.



