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[ 0001] This invention relates to position |ocation systens that utilize
wireless signals to determne the |qcation of an electronic device.
Description of Related Art [0002] Exilst | ng position | ocation technol ogi es
based on GPS use a netvvork of satellites in earth orbit that transm't

signal s round neasur es i me of
arrival gig&%ﬂé@%\%ﬁ ﬁéﬁ'ﬁ'g E&% ﬁlﬁ’u % %}2 irfANgﬁrf“EAégléEMEN he
time of arriva sIgna aF exac Beation of the
satellites and the exact time the S|gnal vvas transmtted from each
satellite is used to triangulate the position of the GPS receiver. A GPS
receiver requires four i < i ation and the
performance of the resﬁs‘éta(ﬁﬁy%(éw g’ﬁ%@&ﬁ%&ﬂ@ﬁeases as the nunber of
satellites that can be detected increases. [0003] It has been suggested to
use the exi sti ng network of cellular base stations In order to |ocate

posi ti Qﬂeldl ﬁiﬁ’%h@ﬂ manner as GPS. Theoretically-speaking, the exact

| ocati on base station, the exact tinme at which the base station is
trans m[ﬂﬁﬂlﬂ@‘hlsarmdemthm telates toqr:osa'rqni loadtionf systemsithateutdizat wiorles ssgnghsao at a
nobi | e atio an be used to triangulate the position
of the‘f?% Q‘é‘?@??ﬁb"ﬁ“’%fﬁ.eiecf %frff&'ﬁ@ is referred to as Advanced Forward
Link Trilateration ("AFLT"). A critical problemfaced by the nobile station
is to neasure the time of arrival of the signals it is receiving fromeach
base st%?@ﬂtlowelgtwﬁst met hod of doing this would be to make a single
measur I
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the position of a“nobile station. Measuring the time of arrival, which WO

03/ 087889aPaTs UseRtilted frpm Rach satellite is used to triangulate the position of the GPS

receiver. A GPS receiver requires four satellites to make a triangulation and the
performance of the resulting position location increases as the number of satellites that can
be detected increases.

[0003] It has been suggested to use the existing network of cellular base stations In order
to locate position, in a similar manner as GPS. Theoretically-speaking, the exact location
of each base station, the exact time at which the base station is transmitting, and the time
of arrival of the base station's signal at a mobile station (e.g. cell phone) can be used to
triangulate the position of the mobile station. This technique is referred to as Advanced
Forward Link Trilateration ("AFLT"). A critical problem faced by the mobile station is to
measure the time of arrival of the signals it is receiving from each base station. The
simplest method of doing this would be to make a single measurement of the time of
arrival for each signal. In one example a single measurement consists of correlating the
received signal with a locally generated copy of the transmitted signal, and searching for
the peak of this correlation. '{'The goal is to measure the time of arrival of the earliest
arrival path from the base station.

[0004] In practice, it has proven difficult to implement an AFLT system that can

accurately determine the position of a mobile station. Measuring the time of arrival, which



is critical to the AFLT process, is difficult in a non-line of sight and/or
a dynam c fading environnent where nultiple paths fromthe sane
transm t two oangrsbadi ng in and out unpredictably. For exampiraisos/itovhe
nobil e station is behind an obstruction, the signal from the base station
may reflect once, or twice, or nore along nultiple paths before being

recei ved by the nobile station. The stgnal may also go directly through the
building, but it nay be received as a very weak signal conpared to the
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t echni qaéingcoaid meanpiedivtdBPs, is referred to as hybrid GPS/ AFLT. [0007] A
met hod for calculating a representative neasurenent froma plurality of
substantially independent data nmeasurenents froma cellul ar base station,
each of the data neasur n including. an ear|liest tinme of arrival
estimate, conprises det eEMWXOﬁATﬂgNEﬁTW sel ecting data
measurenents within the w ndow, and calculating a_ representative tinme of
ar ri val[0p@&]yd npied t and pEPAECS edisdlated hasaigufanedewlating, as srpsesAadsy 087869

PCT/ USQRLAd R %nt From a series of substantially statistically independent measurements of

signals from one or more cellular base stations. The method and apparatus can be used to
calculate representative measurements from multiple independent measurements of signals
from the cellular base stations, thereby facilitating effective utilization of a cellular
network to determine position of a mobile station even in non-line of sight and/or dynamic
fading environments. The method may be used by itself in an AFLT algorithm;
alternatively, in order to enhance performance of a GPS system, the existing network of
cellular base stations can be treated as a secondary network of satellites for position
location purposes. The AFLT technique, combined with GPS, is referred to as hybrid
GPS/AFLT.

[0007] A method for calculating a representative measurement from a plurality of
substantially independent data measurements from a cellular base station, each of the data
measurements including an earliest time of arrival estimate, comprises determining a
window of time, selecting data measurements within the window, and calculating a

representative time of arrival responsive to the selected data measurements. In some



enbodi nents the step of calculating the representative tinme of arrival
conprises averaging all the tinme of arrival estimates that fall within the
wi ndow. Twe oa®s136dl of determining a w ndow of tinme may i mcroes/iwentifying
an earliest data neasurenent of the tinme of arrival estimtes, and
applying a w ndow of tine follow ng the earliest data neasurenent. The

wi ndow of time nay have a predetermred |ength. Alternative enbodiments are
descri bedb in which the mft hod of determi ning a wi ndow of tine incl udes
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pilot signal, and providing a representative measurement of the energy of the signal
responsive to the total energy value.

[0010] In some embodiment the data measurements are stored in a database in a mobile
station, and with each new data measurement, the database is updated to include the new
measurement.  The representative measurements are calculated using the data

measurements stored in the updated database.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] For a more complete understanding of this invention, reference is now made to the
following detailed description of the embodiments as illustrated in the accompanying
drawing, wherein:

[0012] Fig. 1 is a perspective view of a plurality of cellular base stations, GPS satellites,

and a user holding a mobile station such as a cell phone;



station; [0014] Fig. 3 is a block diagramof one enbodi ment of a nobile
station incorporating cellular and GPS comuni cation systens, a database

t hat hol dwodawsrseeasur enents, and AFLT and GPS systens; [POOABPI/HOHM 4 is a
fl omchart of operations to determ ne position of a nobile station; [0016]
Fig. 5is a flowhart of operations to obtain a representative nmeasurenent
froma plurality of data measur enent’s for each pilot signal; [0017] Fig. 6
is a diagram of one enbodi nent of a PPM dat abase 38 that stores a plurality
of dat dOE@dﬁhg-eﬁéﬁtaspﬁr@pecéa@ iigw lobta wieyhaldingiadmpbide 8hatieh gn a7miuBipathf | ow
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chart afatione dat abase update nethod for renmoving data neasurenents; [0020]
Figs. 9A and 9B show a flow chart of operations in one enbodi ment to update
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choose the earliest of all of the :

measurements;

[0020] Figs. 9A and 9B show a flow chart of operations in one embodiment to update the

database.
DETAILED DESCRIPTION

Overview

[0021] A method and apparatus is disclosed for measuring the time of arrival of the
earliest arriving multipath by repeatedly taking data measurements from a group of pilot
signals and storing a plurality of statistically independent data measurements for each pilot
signal. In one described embodiment, the data measurements are sufficiently spaced out in
time that the detected quantities (e.g. energies) of the various received multipaths are
substantially statistically independent for each subsequent data-taking cycle.
Advantageously, the earliest multipath that might not have been detected during some data
measurement cycles due to fading will most likely be detected during other data
measurement cycles. In alternative embodiments, measurements are made from two or
more different receive antennas, or measurements are made of signals from two or more
different transmit antennas or any combination thereof.

[0022] After making these repeated measurements and storing them in a database, the

problem becomes computing a single representative measurement for the time of arrival of



measurenents in the database. However, this approach nmay not be accurate;
for exanple when there is a line of sight path to the base station, all of
t he measuwermngmsed n t he dat abase consi st of neasurenent s POfl/UShE1 ®are

recei ved path plus noise. Choosing the wearliest gives you a result whose
expected value is earlier than the received path, causing an error. A
second sinple nethod is to average al? of the measurements in the database;
however the problemw th this is that when there are two or nore paths then
t he avethagerliagi wadtipathi m®nef simplé wadthdsktisvde nchtoese thw ecarliestopf aflavhshe at her
than the tine 01[‘ 'art{mi_l%fatl of E){ée earl.i est ‘%)%th. I(&bor der to _address the
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Acr onyrtke RMSE's. The time of arrival is computed based upon a formula for the window with
the minimum metric. In one described embodiment the representative time of arrival for
each pilot ID in the database is computed by finding the earliest measurement in the
database, and averaging the time of arrival for all measurements within a predetermined
window of time from the earliest measurement. In general, regardless of the specifics of
the metric and time of arrival computation, the method described herein effectively
averages most measurements within a narrow window of the earliest measurements in the
database, while excluding measurements more than some threshold away from the earliest
measurement in the database. There are many variations of the method of computing the
metric for each window and for computing the time of arrival for the window with the
minimum metric.
[0023] This invention is described in the following description with reference to the

Figures, in which like numbers represent the same or similar elements.



[0024] The following terns and acronyns are used throughout the detailed
description: AFLT Advanced Forward Link Tril aterati on COMA Code Divi sion
Mul ti pl e wo®as878645PS G obal Positioni ng System GSM d obal peyaisesmfoes Mobi | e
Conmuni cati ons Mobile Station A portable device, such as a cell phone,
typically carried by a user whose |lgcation is to be determ ned. Pil ot
Signal A signal, typically a psuedo-random sequence, emtted by a cellular
station,_ for the purpose of establishing conmunication with renote devices.
Al t houdHossaey ek esms apd deronymoft en used in the context of CDVA cel | ul ar
syste i : i I I L
R L
of ArriAFAl. ABPMce®FoovarBhaseTilatsatioanent . Tabl e of Vari abl es [ 0025]

Fol | owi iis.a table t .sets forth sone of the variabl es discussed

her ei n:&%‘éérgﬂ‘éet@’rwﬁfﬁ%@ﬁhﬁlF&‘fcesﬁ)p Maxi mum number of pilot ID's stored in
PPM DB ¢y Maqrpggiﬂgﬂggrsyggmneasurenents stored per PN Nt Maxi num nunber of
times a pilot search conmes up enpty before setting the RVBE estinmates of
al |t h&’SdatClohal &ysicenton MobiledCdRWBE(ieations Nf  Par anet er used to conpute the

o1 ot E1gHTs SR SpPTAR a3 RaCotleas ol rBa Y Bt melitee, ha

W ndowldcatigi Iz to pedefeombrliect whi ch data measurenments should be used to
conpute the tipme of arrival TACE Del ay before aging RVBE s of neasurenents
WO 03/ §8788aCTr S8l 1ugadly pspede-randymxsaquence; pmitiedviy 3 eelivbaistationent i s

oo ML SR ARESE o ESGRL AEAREEL i 4P SCRRSES Wiy of
"pilot" is often used in the context of CDMA cellular systems, this term also applies
broadly to all other cellular communication systems.
RMSE Estimate. Root Mean Squared Error.
TOA. Time of Arrival.

PPM. Pilot Phase Measurement.

Table of Variables

[0025] Following is a table that sets forth some of the variables discussed herein:

Parameter Description
D, Maximum number of pilot ID's stored in PPM DB
Dmn Maximum number of measurements stored per PN
N; Maximum number of times a pilot search comes up empty

before setting the RMSE estimates of all the data measurements
to RMSEmax

Nt Parameter used to compute the coefficients of the 1-tap (N-1)/N
types IIR filter employyed to estimate Pilot Ec/Io.

RMSEmax  Maximum RMSE that can be stored in the PPM DB.

Na Window length used to select which data measurements should

be used to compute the time of arrival

TaGe Delay before aging RMSE’s of measurements



collectively at 10, GPS satellites shown collectively at 12, and a user 14
hol ding a nobile station 16 such as a cell phone. The cellul ar base

st ati ons worgpt8me any col |l ection of cellular base statiolmeTatSoy/iwed as
part of a comrunication network for connection with the nobile station.
The cel lul ar base stations typicallyéprovide communi cati on services that
allow a user of a cell phone to connéct to another phone over a

conmmruni cation network 18; however the cellul ar base stations could also be
utilized ViiMak ot héMaxdemincese andlidmeharemedthem thoPINNdgaiak@n pur poses such
as an internet connection wth a handheld personal digital assistant

( PDA) . Descptiornbodi nent, the cellular base stations 10 are part of: a
CDMA ¢ i.cation network: however.in other enbqdi ments other types of
comnﬁ@%ﬁg‘nét%@kg‘?m%ﬁfgﬁe 24V AP lﬁ%,oefrrﬁ‘%ﬂ%aé Q@Ed?ta@éhs % he

cel | ul aplle@ively aND, BPS QEHIEE ShovaNddReivddp HeDahaRARER SLAMEBRES hbRle
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satel | iailes used for positioning a GPS receiver. The satellites
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to travel fromthe satellite to the receliver. Since the speeél at which the
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peri odi g em t ¥ signal ever i1 li.second coi.ncident with_"GPS
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situated in open space, the GPS receiver typically has an unobstructed view
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straight "li m the sate teto celrver. wever, in
t he celstatibar Thempseedo;raaders sequense e riesiaf bits that arcaiséfyl Portthe reeeiiveiongs or

ot her obstacl es that block the direct line of sight and/or reflect the sanme
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a nobi PEWRAti on 16 such as a cell phone in a nultipath environnent. Fig.

2 i1l u%dﬁﬁ "’ﬁlet@ﬁs @!eh-itgsaz‘:@mlpﬁs%ballneilr%rgﬁf): %rfssa‘yéﬂﬁgs used for positioning a GPS
receiver. The satellites periodically send out radio signals that the GPS receiver can
detect, and the GPS receiver measures the amount of time it takes for the radio signal to
travel from the satellite to the receiver. Since the speed at which the radio signals travel is
known, and the satellites are synchronized to periodically emit their signal every
millisecond coincident with "GPS time"; therefore it is possible to determine how far the
signals have traveled by determining how long it took for them to arrive. To a user
situated in open space, the GPS receiver typically has an unobstructed view of the
satellites. Thus when the user is in open space, measuring the time of arrival of the GPS
signal is straightforward because it is typically a straight "line of sight" from the satellite to
the receiver. However, in the cellular context, a user may be situated in a city with
buildings or other obstacles that block the direct line of sight and/or reflect the same signal
multiple times along multiple paths, and in such an instance the reflected signal(s) may be

the only signal(s) detectable.



the signal fromthe cellular base station 10a has nultiple paths to the
nobil e station 16. Particularly, a direct signal 20 goes through a first
obst ruct iwp 03@0878such as a building, and is attenuated toPsoASIEXRNt. A
first reflected signal 22 reflects froma second obstacle 23 before being
received by the nobile station 16. Argsecond reflected signal 24 reflects
from a third obstacle 25 before being received by the nobile station 16.
Fig. 2 is sinplified for illustration purposes, and it should be clear
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of time for the first reflected signal 22 to trave to the nobile station
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bl ock a of .one e ment of a on Jn oratin cel lul ar
and GP% élgijr%g]ﬁ?%’éﬁ ngbmd@&eat%%amﬁﬂouga é?/élt‘%qtrélgi“ IOFLT asgdescri bed
herei n.| o«ﬂﬂ th%fﬁ%%ﬂnﬂﬁmmiétdekéséﬁ? f608den @Pﬁap&ﬁft@a fﬁFn%et&sQ Sh86M HL 10

position owever in alternative enbodinments AFLT may be used al one. Fig.
3 showdrageldeltheimabile s@tpmAb dependn uprsithe i Bonce dirat eachesignad traveds. oAs paghe

nar awah s PELapcafh+ SROTHAR Ao AR S BE00RH WG el s

from Ceinhd,l Iﬂ@er alDas® Sft dink Qi‘rﬁereleeebe@\eJ:éruiharreceﬁw@mgmmtsl &Hpeﬁdé%'t epbBthd S
connected to a npbile station control system 32, which typically includes

a mcr @ﬁf%@@‘@%ﬂl%&? b Bueune of the dimerafon ther Grest§ional 0ttp gake! tathajpphileys
other gl 81#'01%: 530 tggxgpfegmah_oﬂﬁﬁ@f@ thgf a%ﬁ&&ggg@ha%za{o' %&géhf‘eﬂ 33,

connecte station control system , requests information

and opeundhileonaionsisap praiprandt the fammmmiNGY GidicORT 8B séChd lxﬁmﬁztétﬂﬁgﬁal Bl to
travel to the mobile station is t, + At;. The challenge for an AFLT system is to determine
the earliest arriving signal, which hopefully corresponds to t,, the time of arrival of the
direct signal 20.
[0030] Fig. 3 is a block diagram of one embodiment of a mobile station incorporating
cellular and GPS communication systems, and including systems for AFLT as described
herein. This embodiment utilizes both GPS and/or AFLT to determine position; however
in alternative embodiments AFLT may be used alone. Fig. 3 shows a cellular
communication system 30 connected to one or more antennas 31. The cellular
communication system comprises suitable devices, hardware, and software for
communicating with and/or detecting signals from cellular base stations. The cellular
communication system 30 is connected to a mobile station control system 32, which
typically includes a microprocessor that provides standard process functions, as well as

other calculation and control systems. A position calculation system 33, connected to the

mobile station control system 32, requests information and operations as appropriate from



the other systens, and perforns the cal cul ati ons necessary to determ ne
position using any suitable AFLT algorithm GPS algorithm or a

conbi nat iwe 0008RFLT and GPS al gorithms ("hybrid AFLT/ GPSPLI/USO®BOJ4 | n one
enbodi ment, the cellular conmuni cati on system 30 conpri ses a CDVA

comuni cati on system suitable for CO?Tani cating wwth a CDVA network of base
stations; however in other enbodi nents, the cellular communication system

may conprise anot her tg{fge of network such as GSM A GPS communi cati on
syst enilgpthegsysiems.cngierionss teyraleylalignt BeosssEer deiaminesRositina Lsingany
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reference to ig. 5. n one enbodi nent’, the representative nmeasurenents
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representative measurement calculation. At 41, a search list of cellular
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order to save ti in one enbodi nent, a |ocal cellular base’station
comuniaamqagurainehist Shereduibitheedaalzase, omhichns disoloisetbin fesait elith wéaeresh thi st f or
t he no il% tation. coyrse, this.assumes th§t. tp% nmobi |.e s{,ati n can
est abl F&hco i € nlix? merty répresentative meastrements include an earliest time o

arrival estimate, an RMSE estimate for the earliest time of arrival estimate, and an Ec/Io

estimate for all resolvable paths of each pilot signal.

[0032] Fig. 4 is a flowchart of operations to determine position of the mobile station using

a representative measurement calculation. At 41, a search list of cellular base station

neighbors is obtained. The cell search list will be used to search for pilot signals from the

cellular stations on the list, and it may also include information useful in finding the pilot

signals of the stations on the list.

[0033] The cell search list may be obtained in a variety of ways; in one simple

embodiment, the cell search list includes all possible pilot signals in a cellular system;

however, searching all the possible pilot signals may consume an undesirable amount of

time. In order to save time in one embodiment, a local cellular base station

communicating with the mobile station can provide the cell search list for the mobile

station. Of course, this assumes that the mobile station can establish communication with



WO 03/087869 PCT/US03/11074 10 the local cellular base station (or

communi cation has al ready been established). Alternatively, such as in the
event thawowossn cati on cannot be established with any e@erlusbariobase
station, the nobile station may sinply identify a |local cellular base
station, and then utilize an al mana][co stored within itself to determne a
cell search list. A cell search list' may be inferred fromrecent activity,
or a default search |ist nay be used. For  exanple a cell search |ist my
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recognptilédqltalllétﬁs under any of these t echni ques channel conditions may
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accord sighirng a sys ependent “heasur ene
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time, wt e tinme dif nce between successive neasurenents at
sufficiently separating the data measurements in time, space, frequency or any combination

thereof, to provide a high likelihood of independence between data measurements taken of
the same pilot signal. The particular technique (or combination of techniques) used to
achieve statistical independence varies between embodiments, depending upon objectives
such as speed and accuracy, and subject to constraints such as cost, space and energy
consumption limitations. Furthermore, it should be recognized that, under any of these
techniques channel conditions may occur that would make the measurements correlated to
some extent, and accordingly in designing a system that takes independent measurements,
assumptions may be made as to which technique (or combination of techniques) will
provide substantially independent data measurements most of the time in the expected
environment.

[0036] One technique to achieve statistical independence is to make a series of data
measurements over time, with the time difference between successive measurements at
least sufficient to justify the assumption of independence. Typically, the time difference

between successive measurements should be chosen such that the fading characteristics of



| east sufficient to justify the assunption of independence. Typically, the
time difference between successive neasurenents shoul d be chosen such that
t he fadi woobamsmes eri stics of WO 03/087869 PCT/ US03/ 11074 pCTSvhietochannel
will nost |ikely change fromone data neasurenent to the next. In a non-
noving environnment, a tinme difference of at least 20 m|liseconds (mns)
provi des an independent sanple, witim no maxinmnumtine difference except
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wavelength of the carrier frequency since usually it is desirable to situate the antennas as

close together as possible.

[0039] Still another technique to achieve statistical independence is to make data
measurements at two or more different frequencies emitted from the same cellular base
station. This can be done if the cell stations in the network broadcast the pilot signals on
different frequency channels. In this technique, the frequency separation should be at least
sufficient to make multiple independent measurements even in fading environment, if the
channel conditions are appropriate for this to be the case. Most of the time the frequency
channels are spaced by a bandwidth greater than 1 MHz, and in such networks the
assumption of independence is usually accurate.

[0040] Again, it should be recognized that any combination of the time difference between
measurements, taking measurements from different spatial locations, or measuring
multiple frequency channels could be used to achieve statistical independence of multiple

data measurements.



measurenents, taking neasurenments fromdifferent spatial |ocations, or
measuring mnultiple frequency channels could be used to achieve statistical
i ndependewoa3n$7snul ti pl e data neasurenents. WO 03/ 087869 PPTSUB0B/41074

12 [0041] In one enbodinent, as will be described, the nmultiple i ndependent
data neasurenents include an earli eﬂ time of arrival (TOA) estimate, an
RVBE estinmate of the path providing the earliest TOA and an Echo estimate
for all resolvable paths of the ﬁilot signal, which will be used to update
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single value of Echo is stored for each pilot ID. Wth each new data
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sui t abl LI S i At, 4 represen ive
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a si ngkeclr epdesabddtvit acforasa teFRNS, b deeahiatiod adisf bs madaab te ethichl ¢ base

station, responsive to the mult{iple nmeasurepents taken during the search
cycl e, rt}ﬁn%ﬁ?‘p BREATULEPRALS ?’F_Eé%h? gﬁ%trﬂn ré‘%ﬂcﬂg i SSMGEr i%éﬂy\ﬂetnﬁterdef erence
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together with the PPM database in Fig. 0042] At 44, a CGPS satellite
sear ch (E¢/ky), pelyobsiigheewalueThf Ecile iarstapd fenedchgplet dDi oWithabichhnew data
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information such as |ocatjon of each viewable satellite in the sky, and
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communcyde.i @newicptesentatilel mbasurenteat iatgoridim is described with reference to Fig. 7.
The representative measurements for one embodiment are shown together with the PPM
database in Fig. 6.
[0042] At 44, a GPS satellite search list is obtained. This is an optional operation, which
advantageously provides a search list that can be used by the GPS system to look for
satellites and thereby reduce the time necessary to locate sufficient satellites to get a
position fix. The GPS search list includes information such as location of each viewable
satellite in the sky, and other information that may be useful in locating the satellites and
determining the time of arrival of each signal. The GPS search list can be obtained in like
manner as the neighbor list at 41, such as by communication with a cellular station or
inferred from recent activity in conjunction with an almanac that gives the expected
positions in the sky for each GPS satellite. Alternatively, the GPS system can simply
search the entire sky; however such a full sky search typically consumes at least several

minutes of time.



inferred fromrecent activity in conjunction with an al manac that gives the
expected positions in the sky for each GPS satellite. Alternatively, the
GPS syst ewpoanssbnply search the entire sky; however suclrCa/tiSos/i103ky
search typically consunes at |east several mnutes of tinme. W 03/087869
PCT/ US03/ 11074 13 [0043] At 45, GP asurenents are obtained in
accordance with suitable GPS procedures. In one enbodi nent, the GPS
comuni cation systemfirst |ooks for the satellites speC|f|ed in the
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[0047] At 52 independent data neasurenents are taken of the pilot signals
on t hesyan.cgach cpld basepyptiandigangmity a yidueapasiodiq pitot siggalawhich ey RWEdRt, dat a

measur eaaphs se&ﬁ&c%‘iﬁ% 211864 #810&iver to lock upon the pilot and begin communication.

Each pilot signal has a distinct sequence offset (sometimes termed "phase") that

distinguishes it from all other cell stations in the vicinity. Furthermore, the cell stations
are all synchronized so that each emits its pilot signal at the same time. In a CDMA
system the pilot signals are periodically repeated every 26.7 milliseconds.

[0046] At 51, the cell search list is obtained (as disclosed above at 41, for example), which
saves time by focusing search efforts on those pilot signals that have a reasonable
likelihood of being usable.

[0047] At 52 independent data measurements are taken of the pilot signals on the search
list. Particularly, as each pilot signal is detected, data measurements are made including
the earliest time of arrival, and this data is stored in a database. In one embodiment, the
data measurements taken for each pilot signal include an earliest time of arrival (TOA)
estimate, an RMSE estimate for the path corresponding to the earliest TOA, a
measurement time (TOM), and an energy measurement (Ec/Io) for all paths having that
pilot signal. It should be noted that box 52 is part of a loop that will be performed multiple

times to provide multiple data measurements. At each pass through the box 52, the new



the earliest tine of arrival, and this data is stored in a database. In one
enbodi nent, the data neasurenents taken for each pilot signal include an
earl i est womogfBearrival (TOA) estimte, an RVBE esti mat @Crarsos/mmw7pat h
corresponding to the earliest TOA, a neasurenent tinme (TOM, and an energy
measurenent (Ec/l1o) for all paths having that pilot signal. It should be
noted that box 52 is part of a |oop tHat will be performed nultiple tines
to provide nmultiple data nmeasurenents. At each pass through the box 52, the
new WO 03208888 ROT wWse@ staniady stadstitatly indepsndesnomsthadetasndst@nichal | y

stati st dent fromthe data neasurenents taken in previous
passes. It%hzl%f}e(}%‘ﬁgﬁgssgnbodl ment, the data neasurenents entered into the

PPM dat §00:¢8% I 6fic @ab&limpht] e dakd megbue@ﬁ@atm%@ intd BR 1PNIhPRS fHeLegt ed,

and if detected, includes a tinme of arrival, RMSE, tinme of neasurenent,
and Ec/ PHOY& @rdfﬁaF?e‘th‘é%er 4l pileirwas dstactsd, amit ﬁéﬁtecﬁdﬂodllum Emﬂwf adatabr m ne

these qgapéities Ioﬁi {)%rﬁé}ﬁ oo Ec/ﬁc?oée%lmn?eedt }?Ién%eégfé’ Ot“he g),ﬁ@qrgy at

enbodi ment i’s conput ed y usi’hg the energy o

+1- 0. 5 chbpdinsevsymiy detertrie qhe@lquaaﬁdesmtcﬁﬂf@e,hmay@g to det erm ne the val ue
of the g@gé ITB t.he vall?bl e resolution. The interpolation technique uses a
second 1 The g, al yhepergmbodimgntds cQrapyted by bsing fheeenseaysif éhe peRkt he
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+ c where x is e value referenced t e cent ur ne
har dwar ef thej raals totthg availgbleuesadutson. 0Thg itferpnldtion schnigae asdy4 €copd t;rdbj( 0. 5)

pos, 1 Ry Lot fg it it s Bk SRyl s s pudied Dbt mdy oy
har dwar €he pO9hdhial hggivdHy netric indicates the Echo of the indivi dual pat h

whose phase is bein reported. In one enbodi nent the RVSE estimate is
conput ed usi g xhexTobtowing |inear formula: RVSE _ E+10 ¢ to

where x is the value referenced to the center sample returned by hardware. Given
this, solutions to a, b and ¢ are:

a=2y(0.5)+2y(-0.5) — 4y(0)

b = y(0.5)- y(-0.5)

¢ =y(0)
[0050] The interpolated peak position is in turn given by —b/2a relative to the peak
returned by hardware.
[0051] The RMSE metric indicates the Ec/lo of the individual path whose phase is being

reported. In one embodiment the RMSE estimate is computed using the following linear

formula:
RMSE = 9—2 +10
E(?
I

[0052] The desired minimum and maximum reported RMSE values are 10 and 223,
respectively. This will allow the mobile station to report Ec/Io values from —4dB to —30dB.
The result is an RMSE that decays exponentially versus Ec/lo in dB. Using the
conditional mean formula to convert the searcher output to Ec/Io, the mobile station in one
embodiment can compute the RMSE by using the following formula.

G’MN*

RMSE = ——+10
5x(y — G*MN)

where y is the raw searcher output, G° is a scaling factor of 9/2048 due to



[ 0052] The desired m ni nrum and maxi num reported RVSE val ues are 10 and 223,
respectively. This will allow the nmobile station to report Echo values from
-4dB to -80dB0878¢he result is an RVBE that decays exponentPCalusy3/versus
Ec/1o in dB. Using the conditional mean fornula to convert the searcher
output to Ec/lo, the nobile station in one enbodiment can conpute the RVBE
by using the following formula. RVBE ¥ G MN  5x(y-G M\)+10 where y is the
raw searcher output, G is a scaling factor of 9/2048 due to WO 03/087869
PCT/ USOgtnaatipa andFaturaiienalVi is thanambert ofr dii pscrohesnil g atdlﬁmlhmﬂ) afd of iscihe llos
coheren nul ated and Mis the  nunber of non-coherent sweeps. In one
enbod nbiroR G R ErfRaliiectt? datmmtedtag st MY Furaiey AR 6

val ues bangistged r@mtk) with 22Bies FlakS 16 99081 Dhder! HRiAEdHEON I N
Uhe N5 can_be gl ven as: 50 v b D DI TS Fger 5, e i}h + G2MN
1065 CONRpUtiaminghhMSfaade Bygnpsc2MN) [ 0053] The Echo netric indicates the
total Echo of all qf the resolvable paths for,a gi \I:enb PN. Ihn one N
enbodi ment a resol vable path is defined as any peak above the noise oor
for the given search pariﬁeters aﬁﬁ>&égzgﬁyabﬁr¥@@tegn1ned nunger (VVe{L))
of chips of t stronge eak. The Ec/ b y be conputed using e
fol |l ow ng foﬁ%ﬁ%: 1jyj Si_”ﬁe 2W K% 7065 o+po‘{@ra6 MN where k is the
nunber of resol vablle patyma?and Kp are the searcher outputs for each

resol vabl e path, angy N2 370 tNlare asodefvised above. [0054] At 53, the
nost recent data neas ene%?s_are_entered into the PPM dat abase, one

enbodi NEOE3PTheVELAN meticSiR@Mates TheMiothl HR/18 aflio? GSREAVIAIE Iﬂatrhgff&r £0%&n

thereto. In addition, ) _ )
N. In one embodiment a resolvable path is defined as any peak above the noise floor for

the given search parameters and within a predetermined number (W,) of chips of the

strongest peak. The total Ec/lo may be computed using the following formula:
,—kG*MN
[ & J ) Zkly,

I

0 “ total

G’MN*

where k is the number of resolvable paths and y; are the searcher outputs for each
resolvable path, and G, M, and N are as defined above.
[0054] At 53, the most recent data measurements are entered into the PPM database, one
embodiment of which is shown in Fig. 6 and discussed with reference thereto. In addition,
as described for example with reference to Figs. 8 and 9, in some embodiments it may be
necessary or desirable to update the database as new data measurements are received.
Particularly, it is often desirable to replace older and/or more unreliable data measurements
with the most recent data measurements. As part of the update process, a determination
must be made as to which of the older data measurements are to be kept and/or modified in
some way; generally it is desirable to retain as much useful information as possible. In
embodiments that have limited memory storage, the database update process can be used
as a form of data compression in which data measurements are compressed in such a way
as to retain useful information in a smaller memory space.
[0055] At 54, in one implementation the mobile station is designed to repeatedly search
the pilot signals, take data measurements, and update the database with the new
measurements until representative measurements are requested by the mobile station. Of

course in other embodiments other strategies may be used; for example one alternative



as described for exanple with reference to Figs. 8 and 9, in sone

enbodi nents it may be necessary or desirable to update the database as new
dat a neaswpen®sMssY are received. Particularly, it is oftemrcCuasos/abpie to
repl ace ol der and/or nore unreliable data neasurenents wth the nost

recent data neasurenents. As part of the update process, a determ nation
must be nmade as to which of the ol de‘]16 data neasurenents are to be kept
and/or nodified in sone way; generally it is desirable to retain as nuch
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[0058] At 56, the representative measurements are computed as described for example
with reference to Fig. 7. The representative measurements are computed responsive to the
multiple measurements stored in the database. In one embodiment the representative
measurements provide a single measurement of the time of arrival for each pilot signal,
and in addition other information can be included, such as an RMSE estimate.

[0059] At 57, the computed representative measurements are supplied to the mobile
station for use as desired. For example these representative measurements are useful in an
AFLT algorithm for position location, alone or in conjunction with a GPS position
location system.

[0060] At 58, a determination is made as to whether or not AFLT is still required; i.e.
whether additional representative measurements are desired. In some circumstances the
system may desire to continually update its position using AFLT, such as in a moving car.

If AFLT is required, then the cycle will exit the decision 58 and repeat through the steps



| ength of tine (e.g. 6 seconds) has passed. Conbi nations can al so be used
to establish the criteri a. [0058] At 56, the representative neasurenents
are conpuwed3agrsdescri bed for exanple wth reference to PCgUSB3/1IDMe

representative nmeasurenents are conputed responsive to the nultiple

measurenents stored in the database. kg one enbodi nent the representative
nmeasurenents provide a single measur éffent of the time of arrival for each
pilot signal, and in addition other information can be included, such as
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[0060] At 58 a determnation is made as to whether or not AFLT is still
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i ncl udi[@@p2] For each pilot signal searched, the data measurements in one embodiment includes

a Time of Arrival (TOA) estimate and an RMSE estimate for the earliest arriving pilot
signal path, and a Time of Measurement (TOM). The TOM is provided so that the
respective relevance of each data measurement in a group can be determined and given the
appropriate consideration and weight.

[0063] In one embodiment the TOA's are stored in digital form, in quantized units of time
(e.g. chipx16, which is approximately 0.05 microsecond). Two bytes (16 bits) may be
used for this value. The RMSE estimates are measured in units of Urmsgl meter. One
byte may be used for this value. The TOM values are stored in units of Up(0.25) sec from
the start of running the algorithm. One byte may be used for this value.

[0064] In the embodiment shown in Fig. 6, an Ec/lo memory space 65 associated with the
pilot ID 61 stores a single value of Ec/Io for each pilot ID. In alternative embodiments, the
PPM database may store each data measurement for the total energy (Ec/Io) together with
its TOA, RMSE, and TOM. One advantage of the single-value approach is to reduce

memory storage requirements, which can be useful in some implementations. Following



menory, control hardware, and software routines; for exanple the PPM

dat abase may be in the formof a relational database that conprises a

pl ural i t ywofo3ngiset ed dat abases. [0062] For each pil ot sigmalr/tsearwhed, the
data neasurenents in one enbodi ment includes a Tinme of Arrival (TOA)
estimate and an RMSE estimate for the earliest arriving pilot signal path,
and a Tine of Measurenent (TOVM. The FOM i s provided so that the
respective rel evance of each data nmeasurenment in a group can be determ ned
and gi \eeh new da&p@ﬁ@p@@ﬂé of @ﬁ@pdeh@hulodtcecmthwébrgh@nergmﬁﬂl]e nilot sigal

enbodi orm u nt| s of time
(oo, CHldafar eRaRate SadPigertdaid Surc W b HaRR o rEEayReb 1o
bits) malpt O®is mlﬁatédfu@mgtafuu&awlalfﬂter ﬁh@qe&lﬁ&lﬁdﬁﬁéﬂt,ﬂﬂié eorél RERS BEASid N units
of URMSEL neter, may be used for this value. The TOM val ues are
st or ed Alculgird usingra U?Pdﬁ:?@ teisisdolewsn the start of running the al gorithm
One byte may be u?ed forythiys value. [0064] In the ermbodi nent shown in Fig.
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necessary atabase to renove ol der and/or nore unre |abI e
dat a measurements stored exceeds the available space, and then, the database is updated to

determine which of the previous measurements will be removed to open a space for the
new data measurement. To update the PPM database, a simple rule may be used such as
FIFO (first-in, first-out). The update rule varies between embodiments, dependent upon
on a variety of constraints and considerations such as the available storage space and the
rate at which the data measurements are taken. In such an embodiment, one principle
behind the database update is to store the results from previous search cycles and to
compress the data measurement in such a way as to limit memory consumption.
Furthermore, the database update rule should be chosen so as to not throw away any
information except when necessary to make room for newer information, which allows
most of the collected intelligence to be used to calculate the representative measurements.
As shown in Fig. 6, all the measurements stored in the database are available for use while
calculating the representative measurement.

[0065] Reference is now made to Fig. 7, which is a flow chart of operations in one
embodiment to calculate the representative measurements responsive to the data
measurements. The representative measurements can be calculated using a variety of

algorithms that implement any of a number of ideas. Some of these ideas are:



to make space for the new data neasurenents. A variety of update processes
may be wutilized; database update processes are described with reference to
Figs. 8 awo009/08186¥ exanple. Typically, each additional daca/useaswrenent is
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di f f er dhgretyilds pracessing tepakylgtetedmabrpulbend isRMSErsematscount , and t he
qual it Fch, o " i i i i u i f_tjre.
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[0068] eBMiek pbdheronRdtBX badf pRQSIH rQRrdifGasH RMSH, tanliShERArE 2RL:8eihe gLt as
close to a line of sight (EOS) as ‘possible. Therefore, In tke pgocess of
deci di ngeasieermentsoviiin@enarteey winddonet thereerliepr pfabsrhetsarcduse hes imddeedfyr
car ol n SR ARRL bR B b e SR U5 SRR SR
to place a greater emphasis on the most recent measurements. For this reason, in the
embodiment shown in the flow chart of Fig. 7 the RMSE values are aged by increasing the
RMSE values, and the saturated RMSE values (i.e. all RMSE values greater than a
threshold) are ignored unless all of the RMSE values for a specific pilot ID are also
saturated. The RMSE values are not aged for the first Tagg seconds to prevent
unnecessarily saturating weak measurements if they occurred in the previous few search
cycles. The RMSE reported is the minimum RMSE of all of the measurements used in
computing the average time of arrival so that the representative measurement for the
RMSE estimate reflects the Ec/Io of the strongest peak seen at that time of arrival.
[0071] In one embodiment the discarded data measurements are not physically removed
from the actual PPM database, just ignored for the purpose of calculating the
representative measurements. Keeping the discarded measurements in the database allows

the database's contents to remain unaffected by how often a representative measurement is

requested by the mobile station.



there will be processing to calculate the final result and its RVSE
estimate. [0070] One goal of the representative neasurenent calculation is
to reportwohg/ogisee of arrival of the earliest detectabl epPpatusos/Thrs can be
chall enging, and there are many ways in which this can be acconplished. In
a stationary environnment, it is reasopable to report the earliest peak
found for each pilot ID regardless of E, and therefore averaging al
measurenents within a narrow wi ndow of the earliest peak hel ps reduce bias
i nduced[($72] Begisaingrat shestoatdf dafloweoheits thegealtis tHedlevlate, fareagh pibetilhg a

envi ronnen
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and the saturated RVSE values (i.e. all RVMBE val ues greater, than a

t hr eshorafyrreg © asghfdfeer. B Srer.cand Bylopmre Ahioneh shase seireientativp yalues epi | ot
ID are ﬁ{o%? like é?‘t £st Tﬁgoﬁ\@EvM?Ab}éﬁs f@t" &n ”RKFL%Q okitim! N £1te51?s&1vIAGE
seconds to pre en unnecessarily saturating weak neasurehents if they
occur r edmbadinfeatspli #eentus ddditionelavatiablec yaildbe ufﬂIanRI\/SE reported is the

m ni nmu of all of the urenents used in utin he average tine
of arr {T@%Eé"tﬂﬂa{hetrﬁét PRy ﬁgﬁt%ﬁl? @PWQ%WWH?SU‘F ety d cWatefinpt e
reflectg dehetkC hPth@JlsttllﬂaefnssE ﬁé%@gl%ﬁglpﬁ@lfoo‘i)eﬁﬂ fakt fifARtD il eQbleaed bV 7.
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cal cul ating th resent a t he di scarded
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I D's.  value for Ec/To. Inthe PPM database (shown in Fig. 6 for example) for each pilot ID there

are multiple data measurements stored corresponding to TOA, RMSE, and TOM.
Accordingly, these multiple data measurements must be processed to provide a single
value for TOA and RMSE. The representative measurement calculation includes decision-
making processes to select which measurements are to be used and which measurements
are not to be used to calculate the representative values for TOA and RMSE.

[0075] At 72, all measurements for which the TOM is greater than Tagg are aged. One
rationale for this is as follows: the uncertainty of a measurement grows as the
measurement ages with time in the database. To reflect this growing uncertainty, the
RMSE estimates for all the measurements stored in the database are increased dependent
upon how old the measurements are. In one embodiment the RMSE estimates older than a
predetermined time Tage are increased linearly. In one embodiment this is accomplished
in the following formula:

RMSEagep = RMSE + max(0, 9 * (AT ~ Tacg))

where AT is the difference between the current time and the time at which the



[0074] At 71, the representative value of Echo is determi ned. In one

enbodi nent discussed with reference to Fig. 6, Ec/lo is a single value
that i s rwpaawemdby updated after each search cycle to pr@e¢rdSoai1vwanni ng
average over all instances in which the pilot signal was searched. Thus,
in this enbodi nent the current val ue_of Echo can be used straightforwardly
wi t hout further cal cul ation, and thid t he representative rreasurerrent for
Ec/l1o is set to the current value (Ec/|oREP = current Ec@a

al ter naiehswemmbomﬁsrtdfms This fletmuds will natnge sy RMSERsimgies 9tl%erﬁéf\‘}‘§“been

stored f ations on
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cal cul eci si on- haki ng processes to sel'ect which
Wasurﬁﬁﬁﬂi@n@f&eh@emkmahlmd whi ch neasurenents are not to be used to
cal cul ate the rePr esentative val es
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RVBE estinmates are aged r|o i ng whi ch Q. in
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an RMSE less than RMSEmax. However, if none of the data measurements have an
RMSE less than RMSEwmax, then operation continues on using all of the data
measurements not yet discarded.

[0079] At 75, only data measurements meeting a predetermined criteria are selected for
calculation purposes; for example in one embodiment, all data measurements whose TOA
is within a predetermined window of time (N,) from the earliest remaining TOA are
selected and the remainder are ignored for calculation purposes. For example, if the
earliest remaining TOA is 16 microseconds, and the predetermined window N, is 3
microseconds, then all data measurements whose TOA is greater than 19 microseconds are
ignored; i.e. all data measurements within the window from 16 microseconds up to and
including 19 microseconds are kept. The predetermined window of time may be chosen in
light of a variety of factors, such as the number of expected multipaths, the number of data
measurements stored, among others.

[0080] At 76, the selected measurements are used to calculate the representative values

for the pilot ID. In one embodiment the remaining TOAs are averaged to provide TOARgp,



linearly. Note that in one enbodi nent the cal cul ated val ues for RVBEAGE do
not physically replace the RMSE estimate in the pilot phase database;

rat her twWoages7sSBMSE val ues are used only in the cal cul aPcaruses/1ohe
representative neasurenent. This could be wuseful for exanple if, during a
subsequent cal cul ati on of representative values, sone of the database

val ues have not changed since the pr@gi ous representative neasurenent

cal cul ation. [0078] At 73, a decision is made as to whether or not any
measur etdnttee feinimpa RMSEnyalugi pbt the DremepitingnREMEE dstimstesharovidse the

RVSE( er i j et ef.m . I such as.. 255 in one
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RMSE, =min(c, € S)

where [; is the aged RMSE for the ith measurement. In other words, the RMSE
estimate is the minimum of the aged RMSE values for that window S.
[0082] Then the' representative measurement for each of the pilot ID's is that for the
window S for which:

S, =arg min(d; + Sx RMSE ;)

for some constant 8. The representative measurements TOA and RMSE for each
pilot ID are ds and rmss.
[0083] At 77 the representative measurements, now available, are supplied to the mobile
station, including the position calculation and control system.
[0084] At the decision 78, if representative measurements are to be calculated for more
pilot ID's, then operations continue in a loop through boxes 70 through 78 to calculate the

representative measurements for each of the remaining pilot ID's. After all the



[ 0081] Wndows can be defined in a variety of ways, and the way the w ndow
is defined can affect the representative neasurenent cal cul ation.

Gener al | ywotobesmssndow sel ection function sel ects a subsePCofUSi®a®os enent s
within a window of width Na. In some enbodinments this w ndow has a
predetermned width fromthe earliest _tinme of arrival. In other

enbodi nents the w ndow can be slidi n&3and/ or have a variable width. In a
sliding w ndow system the windowis first "placed" by sliding a wi ndow of
wi dt h NEPrwyativgeneasare s itveneaen scafcgtateda éham thetrepBsenfivesmedsusenhe

w ndow , i ws Swith a nunber of pilots (Is) greater than a
pr edet e%%@%%ﬁﬁﬁﬁ?gsrﬂdsaﬂ% (e.g. 2) data neasurenents are considered. In
one i npDanbatelpdutes f or each wi ndow S, a proposed representative TOA
estimte déer rf)grei s calculated as follows: Eyi d=S s is RMSES =nmin(cr E S)

wher e (18P83] Referepeais agamedase Higy 8 R, andPhivhichsbpwaperafinpiompdatadhals, t he
RVBE egfd o Siel 3: i w S.
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constant B. The repr nt ative neasurenents TOA and. E for each pilot ID
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calculation and control system [0084] At the decision 78, i

r epr es eIMMAEESs celiviinater epadisy anceon motseof ¢l piavigney-siaed dasn eeapirgroents © s, t hen

Operatirﬂ{ﬂ%s%g&tijopﬂx%ﬂeﬂz (?at% oop through boxes 70 through 78 to cal cul ate the
at )

represen rve measurenent's for each of the remaining pilot IDs. After all
t he WO [083Q8TECEt I UEARE plddéd caddhy pafRmeatiatl weiciEaSWagTendSash@ue been
cal cul at ed, ,tg,en he representative neasurenent calculation process is
done. [APYBAR Igﬁp%%%g’ ‘feﬁé‘gjﬂ‘t BTGB RERNtS andh go5igm ernsidsTatiogs such as 9gst, and 9B
whi ch i ] i i n
Goner al PR RO B8 pauEPHsEnblth, CBIAIR fie A AR R ibuld

not throw away any information except when necessary to make room for newer

information, which allows most of the collected information to be used to calculate the
representative measurement. One method for making room for newer information is a
first-in, first-out (FIFO) approach, which simply throws out the oldest measurements and
stores the new data. However, a strict FIFO approach may not be appropriate if time
diversity has a significant impact on performance, and in such situations another method
may be used that is biased toward keeping measurements with the earliest time of arrival.
Unfortunately, as the session time increases, simply keeping the measurements with the
earliest time of arrival could increase the likelihood that falsely detected noise peaks exist
in the database.

[0087] The database update algorithm can be used to identify and mark possibly incorrect
data measurements. For example, failure to detect the peak on subsequent searches is an
indication that the peak no longer exists or simply was incorrect data. Thus, if a peak was
detected in earlier searches but was not subsequently detected in a predetermined number
(N) of consecutive searches, then it may be appropriate to disregard this data. The age (i.e.
the amount of time elapsed since the measurement was taken) of a data measurement may
also indicate unreliability. To address the problem of old measurements, in one
embodiment, the database update process saturates the RMSE (i.e. sets RMSE to

RMSEuax) of all of the measurements older than Tysx, because the maximum value of



fromeach search cycle, and determ nes which (if any) of the currently
stored data neasurenents should be renoved or nodified. For exanple, if

t he avai |ablog/osmseory woul d be exceeded by storing the | aPestusdatm74

measur enent, the database update nay conpress, elimnate, or nodify one or
nore of the previously-stored data mé surenments to nake space for the new
data. [0086] The dat abase update proTess can be perfornmed in a variety of
ways, such as that shown in Figs. 8 and 9, dependent upon constraints and
desi gn tdgniiefdgaithnensyiers dada isodwax angd, Hie SBITatioR: RESVENLS fndmp Gubiguity
consun’?lt(jnpgccu eral ly, the database update process should not throw away
any informationexcept when necessary to nake roomfor newer information,
whi ch &0083)n rgesdralpfthd kietabadel mey dd updhted rmta earidtp dbevaysedThee clatabadeat e t he
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i nf or miPAYIR Precesses farg diseysied gﬁoyf-&tre@ww'@awﬁ%% TOGHPERESHSF R t hr ows
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has been reached (i.e. Nmax = Npy), then at 84 a predetermined number (N3) of data
measurements, including the oldest measurements are selected.

[0091] At 85, the selected N, measurements are aged for purposes of determining which
are to be removed. In one embodiment a linear aging process is assumed, which simplifies
the algorithm because only the best measurements need to be saved. (If this were not the
case, some clustering and saving measurements from a number of clusters may be done.)
For example, for a typical moving mobile station, the older measurements may be biased
with respect to the newer one by at least two aspects: a) assuming that the Epoch counter
is not affected by Doppler (the frequency offsets measured by the fingers average to zero—
multipaths coming on average from random directions), the old measurements may give
shorter measurements (due to moving away from the relevant BTS). and b) due to
movement there‘ may be Doppler on the Epoch counter. Thus when comparing old
measurements to the new ones, they may have different measured TOA values even

though the physical TOA has not changed. Taking into account these two effects, the



given Pilot ID, when this reaches the maxi num 2) renoving old
nmeasurenents, and 3) reducing the nunber of entries to prevent the problem
of overflwao03fo8889] 1) Reduci ng the Nunber of Measurenent #CrAG9D]}10Ref er ence
is now made to Fig. 8 which is a flow chart of operations to reduce the
nunber of measurenments for a particgifr Pilot ID (PN) as part of an update
process. For each pilot ID reporte here will be up to a predeterm ned
nunber NVAX (e.g. 20) of neasurenents stored in the database, dependent
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t he maxi WUWHM%%=~§6AQ§{/& AEasurenents allowed, then operation is
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teasur SHaNETCTIOM Na: Betoigebis Sooaminiresy i vl Bendd SO0 Ar 85,
t he selchssidNGatgasurenents are aged for purposes of determ ning which
are to be renoved. In one enbodinent a |linear aging process is assuned,
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t ypi calmanast TO AWebh ey deatlcotad. Ihhe ohsdart aneas wiiieabbntis bivayerbeayibeased, wth

respect to the newer one by at |east two aspects:. a) assum ng that the
Epoch E¥lrSeFlociing fsrmeasreaicat Vi %Wll@?t %&%‘ SHEN e Jewnsﬁfvg’e%n%as ur ed
by the g "ﬁ@%&gﬂ)‘g\%ﬁg&%&&eé ey i deP@hida cfa@a[*hi&?sxﬁ&n@x%? Q@ @Eer, i @Myeandom

di rections), measurenents nmay give shorter neasurenents (due to
movi ng T&seyseh vames denotetpuemthe BUS) valagsdnithe il databasmpvenent t here nmay be

Doppl er t.he_Epoch counter. Thus en c ri,ng ol d surenents to the
new ontW3] LTRSS RIG L meaiehlic e By SretutomlER ORI ne

physi caf othevibeslimtiatdeh@anaadethekakhigerhiid B&CRURpld the soniswected hegte, the WO
03/ 087869 PCT/ US03/11074 25 TOA used for discrimnating between the

nmeasur épleied STom the dasabiaprepreansed itsyiekis mpay hensshto a yalpe thabyowld easuie thah#l speed.
[ 0092] oﬂlﬂ%ereﬁfé@@djﬁr{@@no 1ioﬂg&rc9§sridér9d.age t he data neasurenents, an aged
ar -

time of arriv
2) Removing old measurements

[0095] In some embodiments older measurements may be deleted from the database for
one or more of at least three reasons: 1) the limited field for storing time measurements
(e.g. 8 bits) may cause ambiguity, 2) in a moving environment, such as when the mobile
station is in a moving vehicle, the oldest measurements may no longer accurately represent
the current position, and 3) even if more bits for time measurement are available, in a long
position session, such as in a moving vehicle that is rapidly changing locations, there may
still not be enough bits in the field.

[0096] In one embodiment, data measurements are deleted from the database using the
following approach for each Pilot ID: if, for at least one data measurement for the Pilot
ID, AT < Ty (e.g. 30 sec) where AT is the difference between the current time and the
time at which the measurement (TOM) was taken and Ty is a predetermined value, then
delete measurements that have AT > Tyax (e.g. 63.75 sec.).

[0097] Furthermore, old measurements may be removed by getting a representative

measurement for a Pilot ID, and then setting all current RMSE estimates for that Pilot ID



(TOAAGED) is defined as follows: TOAAGED = TOA + V AT where AT is the

di fference between the current tinme and the tinme at which the neasurenent
(TOVM waswpakesrseand V is an estinated speed (or preset negirnsbd/speed) of
the nmobile station. [0093] At 86, a predeterm ned nunber N3 (e.g. 10) of
the N2 (e.g. 15) data neasurenents Lgrre selected to be kept by a suitable
criteria. For exanple, the data neas Pements with the smallest TOA(err)
may be selected. In the case of a ti a suitable tie-breaker nay be used,

such astodtYISEuin(E-2Het ipehbiiild n@rﬂeﬁwci i?b’ ﬁh@obr@ﬁd psetkeevBELMAjtireeséamp n one
embodi BRinis hdSyrdf ZW%VS% SR oIl Yeh il d ﬁlagwecr&ag%gafm

measur ement S es do no |"ace
val ues domet thmePHivk (éamabhsm mzi;OBeQé}efuﬁt to&?s,e inB&sureanense thac hedndraas wl@sEnt s
(i.e. the N2- nmeas re Enfs) are re v%g, or otherwise elimnated from
f ur t her'e8QKs PEablezRs SPItEx dnjiee ltsggr he seresepiel vermpapEemene| fet 84S f r om

the datgRasg) QhatORK 9& by fré ﬁféa rm be s&hiyiQidi (ji‘é(%ieﬁﬁe Z%aﬁl e y gpensure

that it would be replaced a | onger consi ving old
measur eprevipgsly-0dloslptedonsome enbodi rrents ol der neasurenents nmay be del eted

fromt at abase .f one st three reasons: 1) the

i m teg%f B n.ggdgfi’?ﬁ%v?ﬁﬂg%ig %Pﬂtgﬁ (e.g. 8 bits) may cause
anbi gui [0Y9SIAY ainewaPITBMDIhs Gkt IbEGHHRAY,, anBUENhE PiIWHEN 1 dcBor¥RR ileCdatfagt i ON 'S
in a noving vehicle, the oldest neasurenents may no | onger accurately
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vehicle that is rapi ngl n cati ons nough
bi ts i rstarbé Piloellis tq ﬂs@%]s with thaaewrﬁ)mﬂmerih ,ondatrﬁoﬂmUraeFrmﬂtIB miebalel et ed

fromthe, database using the follown roac r each Pilot ID if, for
at | easYiegie: kit llfj?é’%g‘?t@ﬁlﬁéenfﬁe?%Fmﬂ%g‘ﬁT‘g’g‘tmg E)a qlaﬁy Taeuglplgcesdpa ec)
where Ak ‘&a‘éaﬁab%yd%_éctﬁ@g er&chalVe BlRah REmEMHE T6NE Prllb{rﬁ) and thdeinsdAiflE AL Whi ch

t he neasurenent was taken and TM 1s a predeterm ned val ue,; then
del et e nedadilee r@nurs itshalachavin Afe emhodimens, ghe Gea)remn%@e )meame@m]lt is

o ey TR S SRR, R B GRRTHEL LY, o
t hat PiRMSEMRX B\ﬂo%a@z&ﬁﬁg&ae RE/MISNREhIRE o maﬁe 5;%85@&16@1&@) Ple®. set to
| 111111[;)0&951 ’Idh%fIIHPOt ?Dbs%lelzt%_d%g} rep?eggntgtlvséomgeggr%n?engun\{?y ltxlz gl?oségr? 1r1rspmg any of
various criteria. For example a Pilot ID that has not been detected for the longest amount
of time may be chosen; that is, the Pilot ID having the largest minimum AT above some
minimum threshold may be selected for representative measurement. In another example
the Pilot ID with the largest minimum RMSE value may be selected.
[00100] Figs. 9A and 9B (collectively Fig. 9) show a flowchart of operations in one
embodiment to update the database. In this embodimeﬁt, for each Pilot ID there are three
fields that have multiple stored values: the time of arrival (TOA), the RMSE estimate, and
the time of measurement (TOM). In addition, there is a single stored value for Ec/Io. In
the embodiment shown in Fig. 9, after each search cycle, the contents of the PPM database
are updated based on the input provided. The operations performed include: 1) insertion
of a new PN detected in the last search cycle and also possibly the removal of an old PN
from the database if necessary to make room for the new one, 2) insertion of a new
measurement for a PN already in the database and also possibly the removal of old
measurements €ither because they are considered stale or to make room for the new one,

and 3) updating the Ec/lo estimate for each PN in the database.



for this nmeasurenent). In sone enbodi nents, ol der neasurenents nmay be
retained for sone tine;, for exanple it may be useful to use neasurenents

t hat are wotoswgmsedl d to resolve problens of anbiguity. |PCrhEsSe®11034 al r eady
a representative neasurenent for this Pilot ID that has not been reported,
then the new y-cal cul ated one can re%)}ace the previously-cal cul ated one.
3) Preventing database overflow due To new Pilot 1D [0098] If a new Pil ot
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RVBE esppigaie. and ar blagnd piis: 0F i9Baeiias® e bé TiOMe seafthdid) thewat. 95h11me is a
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determine if there are more records in the PPM database. However, if at 98 the Pilot ID
record is full, then at 100 the number of data measurements in that record is reduced (such
as discussed with reference to Fig. 8) before adding the new data at 99.

[00104] If from 96 the Pilot ID for the ith record was not detected, then a test is
made at 102 to determine if the Pilot ID has not been recently detected a predetermined
number (NT) of times. Particularly the counter NDCOUNT is checked to determine if it is
greater than or equal to NT. If the Pilot ID has not been recently detected (i.e.
NDCOUNT > NT, than at 103 the RMSE estimates for all data measurements for that
Pilot ID are set to the maximum RMSEmax, and NDCOUNT is again set to 1. However, if
the Pilot ID has been recently detected, then from 102 operation moves to 104 where the
counter NDCOUNT is incremented to indicate that the signal has not been detected
another time before looping back to 105 to determine if there are any other records.

[00105] From 105, where a test is made to determine if there are more records in the

PPM database, operation can loop back to increment i and repeat the database update if

there are additional records, or if there are no additional records, move to 110 (Fig. 9B)



[ 00101] Beginning in Fig. 9A, at 91, a counter i is set to the first record
in the PPM database. For purposes of brevity in the flowhart, the PPM
dat abase we oalogrsewi ated "PPM DB" and Pilot 1D is abbrevi Ce@SosND74 At 92,
the ith record is checked to determne if it contains a Pilot ID. If it
does not, then operation noves to 105 to determine if there are nore
records in the PPM DB, and if so then the counter i is increnented and
operation |oops back to 92. [001 at 92 the currently selected record
(the |t‘1‘Petr%€6§sg Cﬁ’é’?t‘édﬁﬂn&‘?e gf@“y%ﬁgﬁﬁ@r%ﬁ%ﬁe%ﬁ{%‘ of downs Bilsupdat i ng
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WHAT IS CLAIMED IS:



WD 03/ 087869 PCT/ US03/ 11074 28 where a test is done to determne if any
Pilot IDs are on the search list of found Pilot ID s, but not in the PPM
dat abase.wbDfo3tg1s86{i . e. there are no Pilot 1D s to be addedarI/ushemoad 111

t he dat abase update process is exited. However, if at 110 there are found
Pilot IDs that are not in the PPM da abase, then the found Pilot |ID may
be added to the PPM dat abase. [00106] “At 111, a determnation is made to
determine if the PPM database is full. If not, then at 112, the found
Pilot ID and its data neasurenent aCBAINgerted into the PPM database and
operation returns to 110. However, if the PPM database is full, then at 113
an existing record is renoved to nmake space for the new Pilot ID. This may
proceed using, a ropri ate net hod such as discussed herein with regard
to preventing® Hl&f%ﬁ@ggcﬁgwmwpremt@ﬁ@ peAsBgMephifomeplprbiref i s renoved
of the Rub®intia “ﬂg§ ‘ i I t ha he -at her
Pilot ID s. Aif?(yar rer%nt)d\%gtl,\@%1E n%%f%%&%ﬁ?%%@%@%%%&gga %{Oflefcgtohéﬂdgf‘tallz t he
new Pi | geeap@emgniguncliding an barliePhintatfivdes estivdatoengidsoig: | oops back to 110
to determine if tQ% e are agﬁugpdygional Pilot IDs that should be added to
the PPM dat abase. R P8 rore Pilot ID's to be added, then the
dat abase update prseleessy datBmexduk@hbndd wikiih-saldO9hA4Y: Lhgwi || be appreci ated
by those skilled in the art, in view of these teachings, that alternative
embodi nents may b&AiCH3tiBER FPsepeniati Mo titne @6 eirival regpdnsomto kadselected dan  scope
of the i nventlﬁeggmeﬁg}é@. invention is to be limted only by the foll ow ng
clainms, which 1nclude all such enbodi nents and nodificati ons when vi ewed
in conjunction with the above specification and acconpanyi ng draw ngs.
VWHAT | S,CLAI ; - . P S03/11074. 29 CLAIMS 1. A nethod for
cal cul ati ng gﬁ? %%Osdﬁcg%#\%&ﬁg%?usﬁggn%?ﬁ gf{“fﬁgc ahing sHALPRESFfive Ssiant i al | y
i ndependeival chanprisee aseragingall sheftimeroPartiehll ddtimateh a8e 31 withiaRaidadghoef sai d
data neasurenents including an earliest tine of arrival estimte,
conprising: determning a wi ndow of tine; selecting data nmeasurenents

wi thin Said Whadewoduidlaal Ionhatinngidspeil RESMiRAS ¥ SidddWR oLima MRk

responsiye } 0 said sel gct ed data neasurenents.
1dentitying an earliest data measurement of said time of arrival estimates, and applying a

window of time following said earliest data measurement.
4, The method of claim 3 wherein said window of time is predetermined.

5. The method of claim 1 wherein said step of determining a window of time includes
sliding a window of time over the data measurements, calculating a proposed time of
arrival estimate for each window, and selecting one of said windows to provide said

representative measurement responsive to said proposed time of arrival estimates.

6. The method of claim 1 wherein said plurality of data measurements further include
an RMSE estimate for each time of arrival, and wherein said step of calculating a

representative measurement comprises calculating a representative RMSE measurement

responsive to the RMSE estimates within said window.

7. The method of claim 1 wherein said data measurements further include a time of
measurement for each time of arrival estimate and said step of calculating the

representative measurement comprises aging the data measurements responsive to the time

of measurement.



2. The nethod of claim1l1 wherein said step of calculating said
representative tinme of arrival conprises averaging all the tinme of arrival
esti mat eswDlawsfed | wi thin said window. 3. The nethod of peiraisns/Lonher ei n
said step of determining a window of tinme includes identifying an earliest
data neasurenent of said tine of arriyal estimtes, and applying a w ndow
of tinme following said earliest data asurenent. 4. The nethod of claim3
wherein_said wi ndow of tinme is predetermned. 5. The nmethod of claim1

wher ei n8sai dTag Bsthef ofeleimn difuithey camprisimg Wetsrmininga fotad leneray valse fetially a

w ndow I t {éeaa]% , ' ed time of
arrival g%ksl% (:)f;ﬁ]toggl%éarﬂ’ %gicpﬂg %\ﬁﬁh ow, H%%@%&%e%%ﬁ%%mgﬁ{eéﬁg © grgi?éf é)mfps%&gws to

pr ovi desigl cespoepveweaaidadial enargaealoenment responsi ve to said proposed tinme
of arrival estimates. 6. The nmethod of claim 1l wherein said plurality of
data neasurenents further include an RVSE estinmate for each tinme of
arrival9. andTidweetiod of alatin $ tfephafcoaplicimbatilidgg 3aid re@RERaBNAVAL | ve nmeasur enent
conprises calculating a representative RVSE neasurenent responsive to the
RVBE esTPHEaeniie dhiermang thempsitionof # mobHe sigiehod of claim 1 wherein said
data neasurenents further include a tinme of neasurenent for each tinme of
arrival estinmate and said step of calculating the representative

measur elent Elsmpethed of glginn § funter gampriipg sitiaine siid repsessoiéivee to the tine

of _measE RRAen WLALB IRRRIPCTS 90330 00ordh dho TPBITRIARY Of claim 1

further conprising mhing a tot gy va pat hs of pil ot
signal, and providing a representative neasurenent of the energy of said

signal {RSPORR ¥emb8 of Ahfln b her SBRLAYnY Alilifine duia FFURLAQE of claim 1

further conprising utilizing sal prese asurenent to determ ne
t he posmeasorenwt togathbi With 8tGRS dporithéh tokleecrmiriehthel paditiad aff saidPmbbitd her

conpri si utilizing said representative neasurenent in an AFLT al gorithm
to det e position of said nobile station. 11. The nmethod of claim9
further conprising utilizing said representative neasurenent together with
a GPS al gori hmt?1 gegﬁrm ng t he 8osi.t,i on of said nobile station. 12. The
met hod cl Hhenmsthpd,pt flaim & psther spmgrisiag sepeating seid sersiapealewatingal cul at i ng

repr es appRbdnyRi EBASHI S AR §e§p§§§9@§)i & ﬁu?a@it;aofpda'tﬁ’ Rbdshyer®ntdgta smeasur ement s
froma plurality of base stations.

plurality of base stations.

13. The method of claim 1 further comprising obtaining data measurements that are
substantially independent in at least one of time, space, and frequency to provide said

plurality of substantially independent data measurements.

14. A method for calculating a representative measurement from a plurality of
substantially independent data measurements from a cellular base station, each of said data
measurements including an earliest time of arrival estimate, comprising:
determining a window of time, including identifying an earliest data
measurement of said time of arrival estimates, and applying a predetermined time
following said earliest data measurement to provide said window;
selecting all data measurements within said window;
calculating a representative time of arrival responsive to said selected data
measurements including averaging the time of arrival estimates that fall within said

window.

15.  The method of claim 14 wherein said plurality of data measurements further



13. The method of claim 1l further conprising obtaining data neasurenents
that are substantially independent in at |east one of tinme, space, and
frequencywo®3p8m9? de said plurality of substantially indeperusesitiodat a
measurenents. 14. A nethod for calculating a representative nmeasurenent
froma plurality of substantially in ?pendent data neasurenents from a
cel lul ar base station, each of said data neasurenents including an

earl i est, tli of{ i val etim?]te, conprising: determning a w ndow of
Cime, 1 rEr oo MORMBE S Rytefor sithdiihe PoaTvelati ™ hEre Petem Olsplesiine 8i me of
arrival regitdiiins meafdeRBRI MG RIELR! gra%ﬁxggenftdtf‘v"% Rl\tlgﬁ 'n?e‘%uﬁ?m%@' d

w ndow; | ta

earliest data neasurenent to provide sal selecting a

measur erfBIPOBsiyg tchthe RS estinpadenvyitioial seidl winidony. a r epresent ative time of
arrival responsive to said selected data measurenments including averagi ng
the time of arrival estimates that fall within said w ndow. 15. The net hod
of cl ai 014 wWihemedtiodsefiadhipl 14 whérein safd dtad meamashgrenRiRthsr fblutd e AR f

03/ 0878 1 US03/ 11074 31 i.ncl ud RVGE estimate f h ti f

oyt uar Mear e SobR fine G anti Ym0 Tnd bt ioR of PEETEUBHIEL: ve moasur ement

conpr i sespregheitivatichgiréns® l@bﬁ@ﬁgﬁsaégix?h%%%%%%@ ?«i[sgox'is%%\r}gé YGeto the
C

RVSE estimates within said wi ndow. 16. The nmethod o I'm 14 erein said
dat a neQHCaHESPYf urther include a time of neasurenent for each tine of
arrival estimate and said step of calculating the representative

measur enent conpri ses a?i‘ng t he data neasurenents responsive to the tine

of measdr emedihe methodmislaimt Mdrther eonmgirisinglefenmittieg a coapnesy vgluddoealni ni ng a
total e | e, f I hs of the pilot signal, d providing a
represe ?ﬂg? }S{?/ieﬁ%r?ggg% earlr’tasérrllfl pé&@%é 2R *ve%aﬁlrg@fa@tﬁlatﬂer‘@'@ﬁ%)’n%fiw to said
total esigngyrespwisiee tolfid o en@mghodiuef claim 14 further conprising utilizing
said representative neasurenent to determne the position of a nobile
station. 19. The nethod of claim 14 further conprising repeating said steps

for cal ¢8 at The metteyrof skivhdti MehdrRASIHHEAR S ZMS SRRANSHEQtRvE Pl urality of

data neasurenents froma plurality of base stations. 20. The nethod of

cl ai m 1FeAFERSY t Setprmias fis nostign sf agnehilestaiasur ement s that are

substantially i ndependent in at |east one of tine, space, and frequency to

provi de sai d , .
19."  The method of claim 14 further comprising repeating said steps for calculating

representative measurements responsive to a plurality of data measurements from a

plurality of base stations.

20. The method of claim 14 further comprising obtaining data measurements that are
substantially independent in at least one of time, space, and frequency to provide said

plurality of substantially independent data measurements.

21. A method for determining the position of a mobile station using a plurality of
cellular base stations each emitting a unique pilot signal, comprising:
taking a plurality of substantially independent data measurements of the
pilot signals from each of said plurality of cellular base statibns, each of said data
measurements including an earliest time of arrival estimate for each pilot signal,
thereby providing a plurality of independent measurements of the earliest time of
arrival for each of the pilot signals from said plurality of cellular base stations;
for each cellular base station, calculating a representati ve measurement of

the earliest time of arrival responsive to said independent measurements for said



plurality of substantially independent data neasurenents. 21. A nethod for
determ ning the position of a nobile station using a plurality of cellular
base statwong/ogmeh enmitting a unique pilot signal, conpri®CcagiSoyatorfhg a
plurality of substantially independent data neasurenents of the pilot
signals fromeach of said plurality %f cel lul ar base stations, each of said
data neasurenents including an ear| %8st time of arrival estimate for each
pilot signal, thereby providing a plurality of independent neasurements of
t he earl i estcallulps bage stagionj ingludingr each of the pilot signals from said

plurality of cellular (? .stations. for. each cellular base station,
cal cul ating a represen eZ?@@%%gﬁﬂa%% {lmgf the earliest time of arrival

responsive to said i ndepetdedita MEASUEMERE Wthisaid alitiowy 03/ 087869
PCT/ US03/ 11074 32 cellul ar base station, including determ ning a w ndow
of tinme; selecting dat@lsangrarpigsantativening ofardvalireiponsive watatdil at i ng a

representative tifg pf A hYaky ponsjve to said selected data
measurenents; and utilizing at [east one of said representative

nmeasur enent s to detleing sidedshene gfesidirepmsantativaintbasmbinksts $6 détemmine 2. The

met hod of claiqlzl wherein, for each cellular base station, said step of

cal cul ati ng B%} ’c?nroéﬁ?lgsf‘é?ﬂﬂﬁtsf Utine of arrival conprises averaging all the
time of arrival estimates that fall within said window 23. The met hod of
claim wherein, . for _each_cellul ar. base tion, said step of determ ning
a wi ndovw" of lil%‘lgetflﬂ(gpﬁ @’énizgg’rli‘ﬁe?ririfﬁrgea%c%é&?rit@é‘?Sta‘é‘i’rhsﬁﬂé%@roérrent of said
time ofcafduldn Isaﬁ%&¢@%ea$i~e@ﬂ@ GHRRH: V] @&n?ﬁ&rs%daﬁ%hglaneﬁe YR deUHRE] L1 Me

foll owi ng sai earliest data measurenent. 24. e nmethod of claim 21

wher ei restinges éag Fplbwithin| said wimdewst ati on, said step of determning a w ndow
of tinme includes sliding a window of tine over the data neasurenents,

cal culating a proposed tinme of arrival estimate for each w ndow, and

sel ect i4%y onkheghetbad df elrimeldivavhersip fondade cadhila haspstegensatistep afeasur emrent

i . . d tine.of .arrival i . 25. The nethod of
ci o m 20 RV BEORE Tt gt 7S M PR 159/ dat
nmeasur epabartivilledgmaien Cdndd@pBihRMIEd@sinii®d widdow «Famhe tollowif sagf ri val , and

earliest data measurement.

24. . 'The method of claim 21 wherein, for each cellular base station, said step of
determining a window of time includes sliding a window of time over the data
measurements, calculating a proposed time of arrival estimate for each window, and
selecting one of said windows to provide said representative measurement responsive to

said proposed time of arrival estimates.

25.  The method of claim 21 wherein, for each cellular base station, said plurality of
data measurements further include an RMSE estimate for each time of arrival,  and
wherein said step of calculating a representative measurement comprises calculating a
representative RMISE measurement responsive to the RMSE estimates within said

window.

26. The method of claim 21 wherein, for each cellular base station, said data
measurements further include a time of measurement for each time of arrival estimate and
said step of calculating the representative measurement comprises aging the data

measurements responsive to the time of measurement.



wherein said step of calculating a representative neasurenent conprises
calculating a representative RVMSE neasurenent responsive to the RVSE

est i mat esweaioslog1s6sai d w ndow. 26. The nethod of cl ai m 21 Ppaivarses/no74 or each
cellul ar base station, said data neasurenents further include a tine of
measurenent for each tinme of arrival3§stinate and said step of calculating
the representative neasurenent conpriSes aging the data neasurenents
responsjye to the ti of surenent. WO 03/087869 PCT/USQ3/ 11074 33 27.
The net%%d dﬁ“ﬁPQWﬁﬂggc?H?gE%P%EEHﬁWPE?ﬂ%ﬁbI%¥E€ HaRase §ladetbase st ati on
det er i qit@iehifing Qtrdl &fé@%ﬂ%m{aaﬂowﬁnfp%s éﬂhe%ﬁBhﬁgﬁl, Arfd r(px'/ihf?lg_as' gnal, and
providing a representative neasurenent of the energy of sdid signal

I es ponsiepesensatygingeaswienienepidheg gnergy olsaid signal Tspomsvdiodant totll enarg?1 f urt her
conpris@gﬁgLnilizing said representative neasurenents to determne the
position of a nobile station. 29. The nmethod of claim 28 further conprising
utilizing said representative neasurenents in an AFLT algorithmto

determ pasitio f.sad bi.l e stati.on. ..30. The nethod of claim 28

f ur t her2EonpricaPRgeRe! FRYs Al ietien cpuppute hilgns s il SR@ieRt 1 oget her wi th
a GPS ahgfuidntmstte ddRtandtRepRaSod of mebilcsdtbnobi | e station. 31. The

nmet hod of claim 21 further conprising the step of storing said data
measurenents in a database in said nobile station, and updating the

dat abasp.fplf&%wod@mﬁ@gbwe&m@ﬁﬁgﬁﬁ@ sai@epresBRall®t hod of claim 31
wherein said step of ugdatl ng the database includes aging the RMSE val ues

r esponsin¢asugeaneatstin ga AL Iazlgontam fooletesmiis noaitian vk azid meobéletstatie®. The met hod
of claim 21 wherein said data taking step conprises taking substantially
i ndependent neasurenents in at |east one of tinme, space, and frequency.
34. A sikt erdliegnethed ef etnim A further porsprisiegutdlizing spididpeessntativon usi ng a

| urali I I QNS e emtting a.uni.que.pi)] at signal,
orpr i St Bepefittop b8 wRITES BbARRFE aR e PP SR BB aion |
i ndependent data neasurenents of the pilot signals fromeach of said
lurali of I [ Se tations, .each of said data surenents
Png I ud:%% anThégrr“%tﬁéé(g?f @?‘%@2%& GIF F%’I’nm&{gﬁeﬁépé)%g’?ngﬁﬁlﬁr%ﬁ gt si gnal ,
t her ebym@isorehdnngn a databhslih s¥dahobiRdepend@AupdIBASHME ARRBAS folowihe earl i est

time of %{rival for each of the pilot signals fromsaid
each subsequent measurement.

32. The method of claim 31 wherein said step of updating the database includes aging

the RMSE values responsive to a time of arrival for each data measurement.

33.  The method of claim 21 wherein said data taking step comprises taking

substantially independent measurements in at least one of time, space, and frequency.

34. A system for determining the position of a mobile station using a plurality of
cellular base stations each emitting a unique pilot signal, comprising:
data taking means for taking a plurality of subétantially independent data
measurements of the pilot signals from each of said plurality of cellular base
stations, each of said data measurements including an earliest time of arrival
estimate for each pilot signal, thereby providing a plurality of independent
measurements of the earliest time of arrival for each of the pilot signals from said
plurality of cellular base stations;

database updating means for updating the database following taking of each

data measurement;



plurality of cellular base stations; database updating neans for updating

t he database foll owi ng taking of each data neasurenent; WD 03/087869

PCT/ USO3/W0®348788% r epresent ati ve nmeasur enment cal cul ati onPCEArSe3/i10r4
calculating a representative neasurenent for each cellul ar base station,

i ncluding neans for calculating the,earliest time of arrival responsive to
sai d i ndependent neasurenents for edcCh respective cellular base station;
and positioning means, responsive to at |east one of said representative
nmeasur enent s, forcReteafaHvAMgswRBeHealcpiasian sreasyioy calspiatieg 8t ati on. 35. The

posi tion de ] 1 [ 0 -sSal i ng neans
conpri ses mter nrg&? gatrulvt9 a G?ﬁg&glg}l%%%cgsc klﬁ%gg@l%écﬁ&%g@ eg?st%lrgri val ; and
sai d cal cul aticonting#rscacliszptims @f anBah®spesipens saié¢ indepsaledt RVSE  est i mat es

for cal cul atier%g a representative, ne mremsnt for each of said pilot
signal's. 36 MCARUCRIGRISIPLFRCHSTBFTH RSP WAT Rape S1@HORf 21 ai m 34 wherein: sai d

data taking meansos@RRisSARnIBRnOL 1 AMlRGor stk frclBRaNE e f O

each time of arrival; and said cal cul ati on neans conprises nmeans responsive
to said ti nmeneaburementsufos detetmidiaigithé pesiten eildaad nbjileastatépr. esent at i ve
measurenent for each of said pilot signals. 37. The position determ nation
systemof claim34 further conprising neans for aging the data

measur é¥ent Shepositiac defpithoitien gyseim pEdpion34 weetem:t he ti me of neasur enent

data. 38. The positjon determ nation system of clai ur.t her. conpri sing
roans for  car corR G GRS Al T Foiadn TRV SHiE t5F et gna
for each celeh¢t @fe SF akdvan. and®. The position determ nation systemof claim

34 wherein said positioning neans includes neans for utilizing said
representative nBaisheloHEANOE MGaNg FOINILSES Hlegy fespamsive 40 saitRMPbsi ti on

determ nati . A ] i i1 - i ncludes
nmeans for Iu'(t% ?’l“?ﬁz{%g@ gfcgﬁllrng% ?gé’pﬁﬁ%@g |1\€/ééﬂlr?§%|§%}léemn2ﬁé§ g{‘]é’gg‘?‘ﬁé‘rm:m t hua GPS
al gorithm \@naw/ 087869 PCT/ US03/ 11074

36.  The position determination system of claim 34 wherein:
said data taking means comprises means for taking a time of measurement
for each time of arrival; and
said calculation means comprises means responsive to said time of
measurement data for calculating a representative measurement for each of said

pilot signals.

37.  The position determination system of claim 34 further comprising means for aging

the data measurements for each pilot signal responsive to the time of measurement data.

38.  The position determination system of claim 34 further comprising means for

calculating a total energy value for all paths of pilot signal for each cellular station.

39.  The position determination system of claim 34 wherein said positioning means

includes means for utilizing said representative measurements in an AFLT algorithm.

40.  The position determination system of claim 34 wherein said position means
includes means for utilizing said representative measurements together with a GPS

algorithm.



35 41. The system of claim 34 wherein said representati ve neasurenent

cal cul ation neans conprises: neans for determ ning a w ndow of tine; neans
for sel ecwDng/ogmsa neasurenents within said wi ndow, and PEXMGS03/ 0074
calculating a representative tinme of arrival responsive to said selected
data neasurenents. 42. The system of_claim4l wherein said representative
nmeasur enent cal cul ati on neans corrpr%ies nmeans for averaging the tine of
arrival estimates that fall within said w ndow. 43. The system of claim4l
wher ei #lsai dhe epsters eficlatm ¥é wherpssaidreapreseniintve measyrement axlsulatéonori ses neans
for identifying.an earliest data neasurenent of said tinme of arrival

est i mat'&&Ms %H&W%ns for applying a window of tinme follow ng said earliest

data measur ementymeaftédfor RSt waidod ditime}l wherein said nmeans for
determ ning a window of tinme includes neans _for sliding a wi ndow of tine
over the data med¥apefasselsctingLagameasurrgeats Withpsaidavindens: avd arri val

estimte or eackhhng ot PELARLLAGHAEmEb AN MAONS of Gug Provi de

sai d representative neasurenen sponsive to sai sed tine of arrival
estimates. 48ectddhdatsyshanements] ai m 34 wherein said representative

measur enent cal cul ation neans conprises: neans for determning a w ndow of
time, including nmeans for identifying an earliest data neasurenent of said
time o#2arr Thakysah ofralags 41 avidreap pdi kepgesantafivesheisaremane daltulatorf ol | owi ng

said earliest data neasurenent. tqQ provide said. w ndow, mnmeans fqr selecting
al | dafRrReEEurETR MmOt AY 2838 C\M‘?Fd%fe&m&%&m%f&ﬁg‘af Bl vellip gtigt i ng a

represgpt@ive tinme of arrival responsive to said selected data
measurenents including averaging the time of arrival estinmates that fall
within said wi ndow. WO 03/087869 PCT/US03/11074 36 46. The method of claim

34 wheygi n g9k dyQgh 3 Lakh g m@ﬁsﬁ@@&éﬁﬁﬁtio@ﬁ%u!}aﬁemEﬁkﬁlg@mﬁubstanti ally

i ndependent neasurenents in at least one of tinme, space, an ‘
means comprises means for identifying an earliest data measurement of said time of arrival

estimates, and means for applying a window of time following said earliest data

measurement.

44.  The system of claim 41 wherein said means for determining a window of time
includes means for sliding a window of time over the data measurements, calculating a
proposed time of arrival estimate for each window, and selecting one of said windows to
provide said representative measurement responsive to said proposed time of arrival

estimates.

45. The system of claim 34 wherein said representative measurement calculation
means COmprises:
means for determining a window of time, including means for identifying
an earliest data measurement of said time of arrival estimates, and applying a
predetermined time following said earliest data measurement to provide said
window;
means for selecting all data measurements within said window; and
means for calculating a representative time of arrival responsive to said
selected data measurements including averaging the time of arrival estimates that

fall within said window.



frequency.

WO 03/087869 PCT/US03/11074
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46.  The method of claim 34 wherein said data taking means comprises means for
taking substantially independent measurements in at least one of time, space, and

frequency.



