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June 2002; and, U. S. utility patent application serial n 449
entitled "Pseudolite Positioning Systemand Method" fil ed"m%w@%‘@mm 2001.
Background [00021 To support FCC E91 1 rules to locate w

callers, as well as to support other |ocation-enabled servic&$s%sone

providers of wrele Wf'ﬂNlPﬁfEﬂ@OW@km €EOrECANIONy nobil e
appl i ance | ocation %ggs)ggl ties into their wireless netwrks. These

wireless networks typically include at | east one base station. One such
type of nobile appliance |ocation %ﬁ@% known in the art as a network
overlay location system Such systens typically, but not necessarily,
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may al SGuiniet UsleoA44pEalttleatPeadainn Positioningst ysten( srehidethadsfiled bddacembeio as a
geol ocation control server) ("GCS") which may estimate the |ocation of the
mobi | e a4¥9li ance based at least in part on the nmeasurenents obtained by
the W.Ss. The W.Ss and/or the GCS may be co-located with the base station
of the wireless network. Furthernor Backgreuddcati on of the nobile appliance
may be determned with respect to one or nore base stations. Since the
geogr aphi ¢ (heu2Rt i Orb fopéi8CUER 1 stias iodoetd wirtlpgsi W lchljerkrasvire]l 2 Fresupport

determ nation of the Iocation of : . e ;
other location-enabled services, some providers of wireless communication services are

installing mobile appliance location capabilities into their wireless networks. These wireless
networks typically include at least one base station. One such type of mobile appliance location
system is known in the art as a network overlay location system. Such systems typically, but not
necessarily, include the addition of some software and/or hardware systems to the base stations
of the wireless networks. In operation, these network overlay location systems may include one
or more wireless location sensors (“WLS”) which may take certain measurements of RF
transmissions from a mobile appliance for which the geolocation is desired. The network
overlay system may also include a geolocation control system (sometimes referredto as a
geolocation control server) (“GCS”) which may estimate the location of the mobile appliance
based at least in part on the measurements obtained by the WLSs. The WLSs and/or the GCS
may be co-located with the base station of the wireless network. Furthermore, the location of the
mobile appliance may be determined with respect to one or more base stations. Since the
geographic location of the base stations is typically known, the determination of the location of
the mobile appliance with respect to the base station permits the geographic location of the
mobile appliance to be détenhined. Similarly, if the geographic location of the WLS is known,
then the location of the mobile appliance with respect to the WLS may be determined. The RF
measurements of the transmitted signal at the WLS may include, but is not limited to, the time-
of-arrival, time difference of arrival, angle of arrival, signal power, or unique/repeatable radio

propagation path (radio fingerprinting) derivable features. In addition, some geolocation systems
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t he nobil e appliance with respect to the base station permts the
geographic location of the nobile appliance to be determned. Simlarly,

i f the geographic location of the W.S is known, then the |ocation of the
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measurenents of the transmtted signal at the W.S may include, but is not
limted to, the tine- of-arrival, tine difference of arrival, angle of
arrival, signal power, or unique/repeatable radio propagation path (radio
fingerprinting) derivable features. In addition, some geol ocation systens
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transm t{Reh @ g’tofo%gﬂléh sBadehcel@systeh ntesingl. cal | s bei ng pl aced by the
nobi |l e appliance to detect calls of interest, e.g., 911 calls, or a

| ocation request provided 0 mobi l e a ource,

enhanced sdﬁ(’/‘?‘ﬁes BrARAH be)éﬁ%&? Q’c?ﬂ?ﬁlsp'%ter&p%g ga?g?l Bee tObSé%ctaéd& 1Flas been
i denti f '@g1c§ln§jlcfeﬁ@ﬁéﬂ ﬁﬂ%ﬁ(ﬁ@ lchamel ﬁ&l@&ﬁérﬁs d&él@ﬁﬂ&d‘lﬁﬂ fortdr@mpReAbhiGIing the
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ei ther f focated 8 Q8 MeSitified and radio channel assignments determined, the location determining

system is tasked to determine the geolocation of the mobile appliance, and report the determined

position to an appropriate entity, such as a mobile call center or enhanced services provider.

[0005]  Some prior art systems are mobile appliance-based and determine the position of
the mobile appliance by receiving multiple dedicated location signals either from components
outside the mobile appliance’s communication system, such as satellites and GPS systems or
from a network éf dedicated land-based antennas. Other prior art geolocation systems that are
network overlay, or infrastructure-based, systems use combinations of specific, as opposed to
ambiguous, measurements generally from multiple base stations, such as angle of arrival, time-
of-arrival, and time-difference-of-arrival. These specific measurement values are used to solve a

set of mathematical equations to determine the location of the mobile appliance.

[0006]  One prior art example of geolocation is based on time-difference-of-arrival
(“TDOA”) of radio signals at a plurality of base stations. One prior art TDOA system is
described in U.S. Patent No. 5,327,144 to Stilp, et al. Another type of TDOA system is
described in U.S. Patent No. 5,317,323 to Kennedy, et al. for which the present inventor is a co-

inventor. TDOA systems, such as the two previously mentioned and others, measure the time-
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outside the nobile appliance's communi cation system such as satellites and
GPS systens or froma network of dedicated | and-based antennas. O her
prior art geol ocation systens that are network overlay, or

i nfrastructW@®evVWassd, systens use conbi nations of specifi FCTASIHFIYsed to
anbi guous, neasurenments generally fromnmultiple base stations, such as
angle of arrival, time- of-arrival, and tinme-difference-of-arrival. These
speci fic measurenent val ues are used to solve a set of nathemati cal
equations to determ ne the |ocation of the nobile appliance. [0006] One
prior art exanple of geolocation is based on tine-difference-of-arrival
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appliance independent of the information data bits transmitted by the mobile appliance.

[0008]  Idealized wireless systems operating under the IS-95 standard and the IS-2000
" standard are shown pictorially in Figures 1 and 2, respectfully. The 1S-95A/JStd-008 offers one
physical structure using the forward channels, Pilot 101, S.ynchrom'zation 103, Paging 105 and
Traffic 107 from a base station 111; and reverse channels, Access 102 and Traffic 104 from the

mobile appliance 110.

[0009]  The IS-2000 standard in Figure 2 includes numerous common and dedicated
channels in both the forward and reverse direction. The forward channels include Pilot 201,
Sync 203, Paging 205, Control 207, Auxiliary Pilot 209, Quick Paging 213, and Broadcast 215
as common channels and Auxiliary Pilot 217, Control 219, Fundamental 221, and Supplemental
223 as dedicated channels from the base station 211. The reverse channels include Access 202
and Control 204 as common channels and Pilot 206, Control 208, Fundamental 212 and
Supplemental 214 as dedicated channels from the mobile appliance 210.

[0010] In a system operating under the IS-95 standard, the forward link uses the pilot,
paging, and sync control channels to maintain the link while the forward traffic channel is used
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appl i ance i ndependent of the information data bits transmtted by the
nobi | e appliance. [0008] ldealized wreless systens operating under the
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Traffic 107 froma base station 111; and reverse channels, Access 102 and
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Figure 2 includes nunmerous common and dedi cated channels in both the
forward and reverse direction. The forward channels include Pilot 201,
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geol ocat) I?%om the location requesting entity (which is separate from the wireless communication

system), from control channels, from certain signaling present in the wired portion of the

wireless communication system, or other such methods.

[0013]  The details of the reverse pilot signal in a CDMA2000 wireless communication
system are established by the Telecommunications Industry Association (“TIA”), as is known to

those of skill in the art.

[0014]  The existence of the reverse pilot channel in IS-2000 communication systems
presents a new resource for efficiently geolocating a mobile appliance. Therefore, there is a need
in view of the functionality afforded by the new CDMA2000 specifications to utilize the
characteristics of the reverse pilot channel in creating a system and method for geolocating a
mobile appliance operating in a wireless communication system under the CDMA2000

specifications.

[0015]  In order to obviate the deficiencies in the prior art it is an object of the present
disclosure to present an improved method of determining the location of a mobile appliance in a

wireless communication system having plural receiver stations (e.g., base stations) for



nobi |l e appliance typically entailed transferring a | arge anmount of

I nformati on through the geolocation systemin order to geol ocate a nobile
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by the target mobile and received on the reverse pilot channel at one or more WLS.

| [0017]  Itis another object of the present disclosure to present a novel method for
estimating the location of a mobile appliance in a wireless communication system having plural
base stations for communication with the mobile appliance. The method includes providing a
reverse pilot channel and transmitting from the mobile appliance a reverse pilot signal over the
reverse pilot channel for reception at one or more WLS. A GCS is also provided and used for
determining the time of arrival of the reverse pilot signal at the one or more WLS. The GCS also
determines a difference in time-of-arrival of the pilot channel at the one or more WLS and

estimates the geolocation of the mobile appliance therefrom.

[0018]  Itis still another object of the present disclosure to present a novel mobile
appliance location determining system as a network overlay to a wireless communication system
including one or more base stations. The communication system includes multiple mobile
appliances each transmitting a unique non-traffic signal. The network overlay system includes
plural WLSs, one or more of which receive the non-traffic signal from the target mobile (i.e., the
mobile appliance for which the geolocation is desired to be determined or estimated), and a
geolocation processor (typically a GCS) in communication with the WLSs, The geolocation

processor includes a reference signal generator for generating a reference signal, a cross-



stations for communicating with at | east one nobile appliance wherein the
communi cation systemhas a reverse pilot channel used by the plural
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[0020] It is an additional object of the present disclosure to present a novel mobile
appliance location determining system in a wireless communication system including one or
more base stations and having one or more mobile appliances emitting a dedicated reverse pilot
signal on a reverse pilot channel. The location determining system includes one or more WLS
that receive the reverse pilot signal of the target mobile wherein each of the one or more WLS is
operatively connected to a geolocatioh processor in a GCS. The GCS includes a reference signal

_ generator, a cross-correlation device, and a location estimator. The signal generator generates a
reference signal based on the unique code mask of the target mobile, which is typically a
function of the ESN of the target mobile. The cross-correlation device determines the time of
arrival of the reverse pilot signal of the target mobile that is received over the reverse pilot
channel at each of the one or more WLSs by correlating the received reverse pilot signal with the
reference signal. The location estimafor estimates the location of the target mobile based on the

time of arrival and/or the time difference of arrival between sets of WLSs.



or nore W.Ss. The cross-correlation device nmay determne tinme of arriva
based on a correlation of the non-traffic signal with the reference
signal. Additionally, the W.Ss need not be collocated with any of the base
stations i WQ®B4028dmuni cati on system [0019] It is yet an8EREPIHEIEct of
the present disclosure to present a novel nethod for determ ning the

| ocation of a target nobile appliance in a wireless communi cati on system

i ncl udi ng one or nore base stations wherein multiple W.Ss are used to
determ ne the |ocation of the target nobile. The nethod includes
transmtting fron1the target nobile a known spread spectrum sequence for

establ i shi Itsi%/\?ét'aﬁrld&lﬁ ﬁahbej&tz&tth@;s}e@adms@@@wmgcmememu@menm
one or nor o he net hod further includes correlat

recei vedvheﬁweadncs;ﬁmnomm applieniee icengagadis Hmseﬁ%mgﬁﬁl%%%@gﬁﬁg%g%r m ne
the tinme ri.val at ea e I he
I %ftra?ﬁ%héxba& Ioénappﬁ- r%xéﬂbérggtgerqgorgﬁ tfe inWirdRre s?fg&n a8d bl BotHe

Iocatloﬁ1 on e time difference of arrival

at of t hRessirdatbsapds tapablestipratinga aobilhapptiarceindepordsnteRbe “1H¢20] made} s an
addi ti onal obj ect oﬁ the present disclosure to present a novel nobile

appl i anc¥ ﬂPedF}%l?l SFRPAETET m ni ng systemin a w rel ess comuni cation system
including one or nore base stations and having one or nore nobile

appl i ances [gug2{t | Whed ¢ 6fthisdiiscbosared ethpildcation sfgmabllmappélamoeveaweh8$ ot

channel . The | ocati on er m ni n r t hat
recei ve QOH@W@P%@’S&W ths RJHRgS 8?@1—?@“&%%@%@%&1@1 gggflﬁa%%tgr of the
one or %E%g}{“‘oéeh%gvﬁﬁ%ﬁiew&l yrh@@ﬂllasmatstp&samg@aﬂayanb idel withtheksationi n a
GCS. The includes a reference signal 3!_Ikpghenerator cross%?ﬁorr | ati on

devi ce, csfnnbbalempplmpcsrﬂx@@nthmochnuowﬂa o5 pefipslicad¥ frapspeib
reference s nal bas e S d e, which
is typi CSSFW%P &> IdgpRY s o'%tl#e'l? E’%E@% da?spﬂﬁs (T8 2tfaf8t slefll) b%g%ﬁﬁ% |

&Y on e target mobil
Cr 0SS- COfoftRivadeh @it e lecappliatce mnd/nesbashetatipme  of arrlval of the reverse

pil ot signal of the target nobile that is received over the reverse pil ot

channel at GaE. Of R 001G, ool Shs RyuEABERLITAL Bl e RGAIWher over e

pl | ot si gn ence s ocatioh estimator estinates
t he | ocaich@ly fpatehttotons gitledrithé ert e 8 intration pertains frem pipgrisal & Bi%or t he

e TS ahendtd bt inRhRED S g HetalleFeschlptf) Athe fiefiiRa

embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024]  Figure 1 is a representation of IS-95 CDMA channels.
[0025]  Figure 2 is a representation of 1S-2000 CDMA channels.

[0026]  Figure 3 is a schematic representation of a prior art geolocation system integrated

with communications infrastructure.

[0027]  Figure 4 is a representative schematic of a geolocation overlay along with the

overlaid communication infrastructure according to the present disclosure.

[0028]  Figure S is a representative schematic of a geolocation overlay according to the

present disclosure without an underlying communication infrastructure.



[0021] It is yet an additional object of the present disclosure to |locate a
nobi | e appliance whether or not the nobile appliance is engaged is
transmtting/receiving voice traffic signals, data traffic signals, or no
traffic si Yu03410289% ot her words, the inventive system andPREMRBULTSIO t he
present disclosure is capable of locating a nobile appliance independent of
the "state" or "node" -of the nobile appliance. [0022] One purpose of this
disclosure is the location of a nobile appliance in a wreless

comuni cati on system for the purpose of satisfying FCC E911 gui del i nes as
wel | as other |ocation based service guidelines. The enbodi nents presented

may al so dgad2op t IFifle 61i9% fdptRbntatdfe ATNOEHaE offamhétottes gediadatien dfwemobile
continuously of perrodically transmt known spread spectrum sequences,

i ndependavpliaese ap¢psding tothewrgsent dpglosusits (i.e., traffic signal) being
transmtted to/between the nobile appllance and/ or a base station. [0023]
These and jot hﬁgur@bh@ﬁe%ré&siawévs@ﬂéxﬁamopgenma \Aﬁaeéfeﬂahcd sigt@hidcording | |
be readil paren to one'skilled in the art to ich the invention

pert ai nstofthopnesenpéiselosre.of the clains, the appended draw ngs, and the
follow ng detail ed description of the preferred enbodinents. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0024] Figure 1 is a representation of 1S-95
CDMA channels. [0025] Figure 2 is a representation of |S-2000 CDVA

channel's. [0026] Figure 3 is appeAsPDIFESCRIEEON ation of a prior art
geol ocation systemintegrated wth connunlcatlons |nfrastructure [ 0027]

Figure 4 is a representative schematic of geol oc tion over| a al ong W th

the overl dﬂ&ﬂonﬁﬁ’ﬁhé@ﬁete@?ﬁ i°rﬁ1$‘H§t3r‘t|B’PW]eP%éHrnEﬁ CORITURCal %’é m!
g{/Zf: g;“ggpéct&f)%ﬁh t@’ﬁé Sas% staBiofls SRR £ th ah b8 ciacherRbAL3 @I mewal ocation

ordin resent cl osure without an underlyin
communi cetbfi@mns ara“ﬁoinaezttedmmmeblle?swm@gpqmmg Wiy iggp aterfapp hetwegn Q’g]mqilﬂ(ju re

6 i's arepresantaliVeeh! Q¥ o hlic MitchelEhERnd REwBAOL PSR PIH0OTHE aftBRidL

invention may operate in any mobile communication system with any number of base stations
and is not limited to a system with three base stations. The antennas transmit signals to and

receive signals from mobile appliances, such as the mobile appliance 350, wireless

communication signals and pilot signals.

[0032] A typical geolocation subsystem (“GLS”) 380 interfaces with a base station to
retrieve the identity of the user derived from standard base station equipment and the assigned

channels. Typical prior art geolocation subsystems use this information for estimating the

~ position of a mobile appliance.

[0033] It should be noted, however, that the disclosed inventive system and method for
locating a mobile appliance typically uses a network overlay such that one or more wireless
location sensors (WLSs) receive a signal from the target mobile device (i.e., the mobile
appliance for which the geolocation is to be determined) including a known sequence or
sequences, and compute a location measurement based on an attribute of the target mobile’s
signal. Such an attribute may be, but is not limited to, time of é.rrival, angle of arrival, time
difference of arrival, received power level, etc. The present inventive system and method is also
equally operable with other such attributes of the target mobile’s signal as are known in the art.

The present inventive system and method can estimate the geolocation of the target mobile



appl i ance according to the present disclosure. [0030] Figure 7 is a
representative schematic for generating a reference signal according to
the present disclosure. DETAILED DESCRI PTION [0031] Wth reference to
Figure 3, aQ93si0e8e prior art nobile communication systemPCI/USHEGHD: ed

i ncluding three base stations 300 each with an associated antenna 301. The
base stations are connected to a nobile switching center 330 which is an

i nterface between the nobile comunication systemand the public sw tched
t el ephone network ("PSTN') 340. The disclosed invention may operate in any
nobi | e communi cati on systen1mﬁth any nunber of base stations and is not

l1mted ﬁ&%g@nd%}ﬁs&f%ﬁ}r\éﬁttlﬂfohhﬁt% Rod3b @l eBRcatithayaahdynaswirelesssm t si gnal s
to and elve signals fromnobile appliances, such as the nobile

appl i ancemgbficatpr Bistegsto ‘E]@Phrﬁlﬁlt@é‘?tlnéﬂb@laa?llbﬂnﬁe SHTHPRFHES: si gnal s. [ 0032] A
typi cal geol ocati on subsystem ("G.S") 380 interfaces with -a base station to

retrieve t Qﬂ)&i fﬁgkgtsa}sile%m@'aethﬁﬁﬁ{e BefiviEst the GeRaérgal & desemdiedtite

equi pment gne annel s. Typi cal prlor art geol ocation
subsyst eihSsiael thhgeolocation nhithe targétanobils chmbe dasermingd basrdon 3 BIIPTHNIIMALMN | o

25 g![ ;ﬁqn gﬁﬁ’ﬁﬁg%}% nleéyor{g%g{c:rg y ofoRhE %by%} gﬁ{lc bdsE ?ttatl&{" It Eido%ﬁ ASFE Adtaent i ve

g a no i ance typically uses a network
over | ay (g4iehe frBstht BRentive ssen and methed sontemplates dovategis mobilg spSencertbatds ve a

si gnal fromthe target nobj |
t he geol @éh‘?fr@#gel §f?6°IB§‘uB\§?€9"rﬁey\é":§%’)et° (“ﬂ'&‘ﬁfB? Hﬁggmﬁﬁgaﬁc%‘g@g&e%@%@fbgr whi eh

sequencegy afpgpUte a | ocati on neasurenent based on an attribute of the
target nobi es S|gnal Such an attribute nay be, but is not limted to,
time of arrival, |l e of arrival f.ference of

power | eve![903éﬂ C. H@“kfr“éaé gﬁ?@%ﬁ/@ﬁtﬂb‘\]ﬂ&’ @ﬁfﬁlg’ﬁfgﬁwoﬁlé%e{) y:loscaéi?%%g&%q\tjgldl y
oper abl &, h&%&@&?wﬁy AbSIEPHESS s@lctirBRf iidgRheraidt CEMA sérgahicationar e

known i n he” present | nventive system and method can est t he
geol ocat syeuan:m‘f 1842000 alngbe CRMBAP QO0sspyvificrtion (s guratipss) Ruexjapstys Ahage is a ¢ bl

referred to as the “Reverse Pilot Charmel” that is used by base stations in the communication
system to coherently demodulate the mobile signal’s transmissions. This reverse pilot channel is
usually a signal comprised of an information bit sequence of zeros that has typically been
quadrature scrambled by a pseudo-random sequence unique to each mobile appliance. This
uniqueness is established by the fact that a specific ‘long code mask’ or “long spreading code”
dictates the code phase state of a 22 .1 length binary sequence, which will be orthogonal or
nearly orthogonal to all other mobile users sharing the same radio frequency channel resource.
At the base stations, the signal is unscrambled by the unique long code state assigned to the
specific user, and the “reverse pilot channel” can then be used as the transmitter carrier phase

reference for coherent information bit demodulation.

[0036]  Figure 4 illustrates an embodiment of the present disclosure. A CDMA wireless
communication system is shown with three base stations 400 and associated antenna 401. Each
base station 400 is connected to a mobile switching center 430 which in turn is connected to a
PSTN 440. The network overlay of the present disclosure comprises a plurality of wireless
Jocation sensors 480 with associated antenna 481 which are connected to a geolocation processor
(or GCS) 490. As seen from the illustration in Figure 4 the network overlay can be independent
of the infrastructure or the wireless communication system, since no current information that

requires connection to the system is needed to geolocate the mobile appliance 450. A priori



i ndependent of current information supplied to the geol ocati on system by
the wirel ess comunication systemto which the target nobile appliance
comuni cates. [0034] As an exanple, the time of arrival of the detected
signal at ®0pH289re of the W.Ss and the geol ocati on of PCRASPHIGE® nobil e
can be determ ned based on a priori information supplied to the network
overl ay geol ocation system by the base station. It should al so be noted
that the present inventive system and nmethod contenplates | ocating a nobile
appliance that is "out of range" of a comrunication systemto which the
nobi | e appliance would normally be comrunicating. [0035] O particular

I nter esgﬁ?d\é‘l {rxﬁ?rrrﬁﬁbﬂl Sulch ks SnetesIT @t tite M6 VeHpislimces biytetestat ﬁcoomsb;s them t hat
can han npl ex signal structure of thij rdﬂ%g%{ﬁ% on CDVA

comuni egstano nIntegy%tO@?;ﬁlfGﬁhq Tm3so §9E0N NS EHINRODSTFT I9ERE
ment | oned ﬁ at? V{,@H?ASY %Qﬁéﬁoﬁeﬁ tRat SR 8l and "a§oBTate AnfefnASmay ¥ at aﬁ’ﬁdi‘éxﬁe Pi | ot

Channel P"3F1% ase stations in the communication systemto
coher enudcytmiemadhdvaimH1gme|4[nb|0béocstegn‘aﬂf the basgstphPRSYtBIFE CORMONEVEISSE pi | ot
channel i s _usuall ﬁlgnal conprised of an information bit sequence of
zeros t REer e L‘!]t Bﬁ’@ﬁ?rw been quadrature scranbled by a pseudo-random
sequence unique to each nobile appliance. This wuniqueness is established
by the faCLOOB‘V']at Higapet il fubteated amngntodiheentrafthe goolocdtion gysigm @a@plﬁ@orb@a@ the

\?v:flt all:)gs A COdgﬁS%g’i%lsne“ﬁ‘ict&ﬁﬁt’%SYg ef”n‘ﬂ%&%ﬁ’l &Y%agt%t&eﬁ?ﬁg &&r@gﬁ%%users sharl ng

the s fim?n F%qfecﬁ WiE ﬁ!&@ BStipdRanrn@ntifies bylieenumbAts. tThe WaSe 88 tad assntsated he
signa n

scranbl ed by the unique |ong code state az‘%l %@e é}g?
speci f i antgsege, S84tk enveationalixeonaceied igrthe Broinration RIRAEsEH ‘&85 e
transmtte r LRSS Mfochtd iRIMBtile@Ppldrice 550.
denodul éjf %nce[ogéx%éf]apgﬁgggeggﬁgﬁ ﬁ rai;?gé an enbogh ment of1 et E?a pr esent
di scl osume ové&l@l]‘dl@m&idse basthus faothalmgmqabw inyaseasin PHIChI{IRHA GO EHealian hase

stations, 400 ci at ant is

connect efEFIW&FSZQ Bfaﬁan%m%ﬂﬁ &éne%eﬁ%}fgg%ogﬁé%ﬂ tﬁ?{rﬁt chag%gar?ect ed to a
PSTN 44QnenfiBed oo tHe mﬂw Ry e;ﬁerith tndepasiently ofi thebass stationso s independent
plurality of wreless on sensors 48 gy 481

whi ch ariodeg gaeretien F&n%ﬁﬁ‘ggb?f%"tr CHT IR °§8‘|gnﬁ(f§$ﬁ%@§)%h§g%tﬁﬂ§s seen from
the il Uglerdt ik 8Bink Rrahirfitte® Antikterfitetova kntauexdlsayices pravider ndepepeteyt

services provider enables location information to be requested for these services.

[0038]  The present disclosure exploits the fact that the known sequence, the reverse pilot
channel, exists and is unique to each mobile appliance. The geolocation system attempts to
detect the presence of this pilot sigﬁél, and measures its time of arrival at one or more WLSs

which may or may not be collocated with the base stations.

[0039]  Figure 6 is a flow chart of an exemplary method for determining the location of a
mobile appliance using a reverse pilot channel. The mobile appliance transmits a reverse pilot
signal over a reverse pilot channel as indicated in block 601. The reverse pilot signal can be in
accordance with IS2000 as discussed above or may be any other type of coded signal which
represents a unique signature that can be discerned independent of traffic signals, wherein
“traffic signals” represent those signals in which, for instance, voice information is transferred.
The reverse pilot signal is received at one or more WLS in block 602. The reverse pilot channels
are monitored by the WLS. The received reverse pilot signal is correlated with a reference signal

in block 604, typically at a GCS. The reference signal is generated, typically at a GCS, by using
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of the infrastructure or the wireless comuni cation system since no
current information that requires connection to the systemis needed to
geol ocate the nobile appliance 450. A priori 9 WD 03/102893 PCT/ US03/ 17470
known i nf oW03/¥2898uch as the ESN for the nobile applianc®ETBISOYHHEY est are
known by the system Integration into the base station infrastructure is
however not precluded for other practical purposes. It is envisioned that
the WLS and associ ated antennas nay be at different |ocations as shown in
Figure 4 or co-located with the base stations utilizing comobn towers or

ot her shared conponents. [00371 Figure 5 illustrates an enbodi nent of the

geol ocathomnigSPREolSof t8etabdt afvbile apliahe: andbhdy e gonbrtd ix onmwhithesame on

systeminfrastructure., The overlay shown is the _sane as shown, in Fiqure 4
with | i keannehgsohe pilat %@hﬁiaenf‘éere%gy icwéfgﬁkm%ﬂ"s .T%?H&Wg?%@%?&?aé@é%gf at ed

antenn aecréa%gnﬁ Zﬂefrler?}egé{cg}s%g?ﬂ% h¥ock 80N &Cde8ite® irt MEredRediNia F ;067 PTRE &stEelition 90

whi ch uses erence of arrival of the reverse pilot signal at
t he W Ssprovidbsoseries bfieorreirtion valappivhish ifeabgwpa thresheld dndipates delpstion ebthg &Estan
thus facili.tate geolocation 4 h ot b &ado 98 d i
facilit if&gblg%%\?é{gfé‘i Bﬁ?tg}%l,a ﬂn%%iq%gel?%egdgﬁ ng (Q:enger ,u%etlc 1%0 ngt@pertgréneurll‘%l y
exi st, baeaurefagivibef the kedrsabivisigrabataberesgegtivayV Lep diagh of thadeb®rdent | y of

t he base stations. This independent . npde operation i s .en rever
the revepyaeuppized withig e SWYFP @%‘H’l?%’“&&ﬁ%ﬁﬁﬁﬁ%‘?’v i%%ye?eest?érlgls eﬁng
transm ti;6c 6d3sgfo'& BARI el Re@t WDBARGRAtHET\If ERSlofitiow iof e tagetenshigdscy
services provider enables l'ocation information tq be, r%guest d frﬁr t hese

ser vi cesgenRORSh btk 698 e6baGH baseberihe sIsPER of ‘_t"‘l’r‘élbll PR APE %la%noyvn
sequence%e.n_teh edr§c\)/rg'ﬁ§eeﬂ?blAO§t theORRB DG metfots Hat aftWell Rndwil iR &0 €ach nobile

appl i anc € geolocatron systemattenpts to detect the presence of this
pilot signal, and neasures its time of arrival at one or nore W.Ss _ which

may or may [0040]be Detettnafelr wverse pils sigaaleas bapqearmplished by Qf@Pleﬁ&PEelﬁﬁ?% a
[ o chagt ol SSETRRLY PRl AU AR B bhec bty gl
reverse girhglex s&irgblialbyoheEtarget mebids’ senigid lohg codermegienas Thrdiocztiondf the nshlpek
°01. Thethré%\érercrel%telorgj (iiilc{)attes%i:egtrfx%!a of @Rval%r ithr?: signal at each receiver site. As is known in the
art, complex correlation, correlation and cross-correlation all generally refer to processes in the
time domain. A preferred approach to detection is to process the reverse pilot signal using an
ambiguity function which jointly operates in the time and frequency domains. This approach
allows detection and time of arrival estimation in the presence of a frequency difference between
the reverse pilot signal and the reference which can occur due to Doppler effects and differences
in local frequency references. From these multiple times of arrival, a geolocation can be
performed using one of many widely known time difference of arrival estimation methods.
Figure 7 illustrates a method which may be used to generate a reference signal with which to
estimate the geolocation of a target mobile. This reference signal may then be correlated with
the received reverse pilot signal in order to detect the time of arrival of the reverse pilot signal

from the target mobile as discussed above.

[0041]  Figure 7 is a schematic for the generation of a reference signal for detecting the

reverse pilot signal from the target mobile appliance. As noted previously, the reverse pilot

typically a Walsh code of all zeros W, as shown in block 701. The unique long code mask 702

dedicated to a specific mobile appliance is used to generate a long code 703. T he long spreading

code mask typically is a function of the ESN of the mobile appliance. The long code is mixed
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accordance with |1S2000 as di scussed above or may be any other type of coded
signal which represents a unique signature that can be discerned

i ndependent of traffic signals, wherein "traffic signals" represent those
signal s i nWhoxH28%or instance, voice information is tran®C&USey17470The
reverse pilot signal is received at one or nore W.S in block 602. The
reverse pilot channels are nonitored by the W.S. The recei ved reverse
pilot signal is correlated with a reference signal in block 604, typically
at a GCS. The reference signal is generated, typically at a GCS, by using
10 WO 03/102893 PCTI US03/ 17470 the unique PN code of the target nobile

appl i ancgy tﬂgﬁjé%ﬁ‘]ﬂaeshgﬁ es&@oad)y Iﬁlxepm fohRing 3TRst BRI riiSed dewidiieh waihgnal

is generate e target nobi'l e. The net hodol og)érland apparatus for

creati ngothd:remgrefserTélnd@ssQOénwalsonie’éﬁmékr pose shiftefbiadlodse§> iapd mbred Ryl i n
Fi gure 7 l; LS ichif
above a ﬁ%re oﬁf’h%%lég ed gg&@ggegmg?&h%ae&%?ggbw1@B!oeg7g@r eve?dgg pi | ot

signal . Whe tReekul@sr Ieixal b;anumweemm Welshisedt 712, {0960 erette agetoadni ne
the time of arrival of the reverse pilot signal at t he respective WS. Each
of the WBei The first andsrcerdicaties epphrd t@%l‘@rﬁaﬁﬁal%@dsmWaeﬂ”fﬁQW rence

A ast | nibs WA Fade DU At 1Pt gl 185 it el 10 720 ede Bt PRI ool Y os
at the %ﬁﬁ%@%&%&’@% {Neﬁgél?r%_dg%% Hﬁxe? ’fﬁiaﬁﬁ)a'aﬁ&&l@&@dﬁbﬁé@ﬁe@ﬁbﬁ The

gener at ods that are well known in the
art. [ 00difer peireat cmss s).tmmhiamrsemeseud: andt72é iteypreduceshe b@aa@@@ﬁéﬁ deesl by

I | at t ed
"ot or enceriarese Ry WS oe ] Gt Therth b Al SR REATTE T 20 e

target nobile's unique | ong code sequence. The | ocation of the peak of the
correl ati on[oduZit at Sinicé WidebarreCOM A TWURBMATY) it dezived foml 2 dmilesppcifiedionyer

site. As . is known in the . art orr fi

cr 0ss- coP#sis &thaéﬁleéﬂne@é‘ﬁ’éﬁl%ﬂslaﬁ(@@bsxﬁc %853 agghiaﬁﬁfe ﬁ%easHtiﬁg A
preferregd BPRE AAGick @ta?l@ér&‘éélb&éﬁ fo? iRt wtmaa&eishmbmwaaommcasognal

usi ng an %T%Thunctl on. which jointly operates, in thy L hme and

f r equenc §ysiomd| feplaymsnide Furope| 2t stie LS i FFgHRCA prin RS of
estimati %rthagzri] §8ttﬁgﬁ§e ee AQfis Mwﬁ%ﬁqﬁ&%f @lhnﬁ@ﬂﬁraaembevmpm céhRunieains e

pi |l ot signa rence which can occur due to DOP&) 8 %f fects and
di f f er ensgsem details are established by the Third Generation Partnership Project (“3GPP”).
[0043] WCDMA features a reverse pilot on the Uplink Dedicated Channel in the
Dedicated Physical Control Channel (“DPCCH”). WCDMA is an asynchronous system
dependent on downlink synchronization channels to align the timing between all base stations

and the mobile appliance. The DPCCH is transmitted continubusly at a fixed sprgading factor,

making it always available to the base station radio for channel estimation

[0044]  While preferred embodiments of the present invention have been described, it is
to be understood that the embodiments described are illustrative only and that the scope of the
invention is to be defined solely by the appended claims when accorded a full range of

equivalence, many variations and modifications naturally occurring to those of skill in the art

from a perusal hereof.
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in local frequency references. Fromthese nultiple tines of arrival, a
geol ocation can be perforned using one of many w dely known tine
difference of arrival estimation nmethods. Figure 7 illustrates a nethod
whi ch may Wé® 1388930 generate a reference signal wth whi BaTAUS/IEEWi mat e

t he geol ocation of a target nobile. This reference signal may then be
correlated with the received reverse pilot signal in order to detect the
time of arrival of the reverse pilot signal fromthe target nobile as

di scussed above. [0041] Figure 7 is a schematic for the generation of a
reference signal for detecting the reverse pilot signal fromthe target
mobi | e appl i ape@ifAs noted previously, the reverse pilot typically a Walsh
code of all zeros WB2 as shown in block 701. The unique | ong code nmask 702

dedicated to @ spegj ehfadrs?aetkﬁm |th@1@81§1oh%fb.'§i?éiirﬁo%1lg ?ﬁfaﬁ&@wﬁch%ﬁsﬁocje
703. The Iong sprea code maskK typically is a function of the ESN of

t he nobi |. 7470
e, L8y SRS i T i R S R R
m xed downstreamwith other signals. The |ong code is also del ayed or
phase shif&& i n bl ock 705 and nixed by m xer 752 mjth a Q channel short
code 705, the result heing deci 2 1n. bI | on w.th the
resultant | rffked rggpl\fwg(gtra‘«yg% 18n€ﬁx,sgr|.§a@(pd B%%%gn %dgféate a
second code. The first and second codes are applled to m xer pairs 710 and
720 to baobio@pplishoeh the W 12 Wal sh code 701 of the pilot signal. The

m xer pairs 710 and 720 each m x the first code ~and the second code with
the Wal sh cod®)i n detetminingaoattribpEoe saidpilptgnal gmited by spid dirstyrabjle ppRlangg xer
pairs are cross sunmed in sumers 711 and 721 to produce the | channel and
Q channeit saidefiesiess texasomgseakorbgndahi ch t he target nobile's reverse pil ot
signal can be detected. [0042] Since w deband CDVA ("WCDVA") is derived
from a sinil ak) speditdrinthg ti lodadsn sf said filvtmobileerppharee ps o irstionsf aagl | S2000
for channel estimation at the base station. WCDVA is the air interface

st andar dygpject ed for nost of the Universal Mobile Tel ecomunication

System ("UMIS") depl oynents in Europe and Asia, and is in serious

consi deratiomin ppakdiet@bd of Claim 1 wherein said attribute is time of arrival.

3. The method of Claim 1 wherein said attribute is angle of arrival.
4, The method of Claim 1 wherein said attribute is received power level.
5. The method of Claim 1 wherein said first mobile appliance is operating in a

wireless communication system having at least one base station for communicating with said

mobile appliance.

6. The method of Claim 5 wherein said attribute is selected from the group

consisting of time of arrival, angle of arrival, and received power level.

7. The method of Claim 5 including a plurality of wireless location sensors.
8. The method of Claim 7 wherein said attribute is time difference of arrival.
9. The method of Claim 8 wherein the step of determining the time difference of

arrival includes correlating said pilot signal with a reference signal.
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North and South America. As is known to those of skill in the art, the
WCDVA conmuni cation systemdetails are established by the Third Generation
Partnership Project ("3GPP'). [0043] WCDVA features a reverse pilot on the
Upl i nk DedMsh@384282hannel in the Dedicated Physical Contr 8CT/UR&T&]0
("DPCCH'). WCDMA is an asynchronous system dependent on downli nk

synchroni zati on channels to align the timng between all base stations and
the nobil e appliance. The DPCCH is transmitted continuously at a fixed
spreading factor, making it always available to the base station radio for
channel estimation [0044] While preferred enbodi nents of the present

i nventi on havéObeefThdestrodd @laiint8 whereihahdxtepuofdietesiironk thi aiinetdifferemdedi ment s
described are illustrative only and that the scope of the inventionis to
be defi neeiwoireludedymbigsitpppensiestocdseaihgof whtbpllaacigasldeith ardfstbicesamgle of

equi val ence, many variations and nodifications naturally occurring to those

of skill in the arirhe tepBddroRdithSPhhdi6ih H wikdesVBBBn QA&7 3s E&l&{)aylﬁg%lmm

W claim 1. A nethod of determining the |ocation of-a first nobi

appl i ancg Mhﬁgar?ﬂb%ssfﬂ at fgalft%e%.h&@?étioﬁhat is different frompilot signals
emtted bE/) ot her nobil e appliances, conprising the steps of: (a) receiving
at a wirel ess,Locatd S sai il signal emtted fromsaid first
nobi | e appl i ar%(b:'e; ?@?H‘Sgﬂ%gr%t%?ﬁgﬂ‘aﬁ&%‘ﬂﬂﬁ \Bﬁ%]eessg mé%luln&caBP'il f#}eﬁ ]ﬁﬁgl emtted
by said first nobile appliance at said wireless |ocation sensor; and (c)
det er ni niaﬁﬁlcfl?‘?goﬁlsosgéttep"gn of said first nobile appliance as a function of
said attribute. 2, The net of CQaiml wherein said attribute is tine of
arrival . 3. The mitRBETOE SWhiieRdheviselesy copunyniRatian Fysteghigla A
arrival. 4. The nmethod of Claim1l wherein said attribute is received power
| evel .  System.

14,  The method of Claim 5 wherein the wireless communication system is WCDMA
compliant as specified by the Third Generation Partnership Project.

15.  The method of Claim 5 wherein said pilot signal emitted from said first mobile -
appliance is used by said at least one base station to coherently demodulate a traffic signal
emitted by said first mobile appliance.

16.  The method of Claim 1 wherein said pilot signal emitted from said first mobile
appliance is generated as a function of a long spreading code for said first mobile appliance.

17.  The method of Claim 1 wherein said pilot signal emitted from said first mobile
appliance is a CDMAZ2000 reverse pilot signal as specified by the Telecommunications Industry
Association.

18.  The method of Claim 1 wherein the location of the first mobile appliance is

determined independent of the state of said first mobile appliance.
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5. The nmethod of Claim1l wherein said first nobile appliance is operating
in a wreless comruni cation system having at | east one base station, for
comunicating with said nobile appliance. 6. The nmethod of Claimb5 wherein
sai d attri BQesi0289el ected fromthe group consisting of PCAUSBY174 | val ,
angle of arrival, and received power level. 7. The method of Caimb5
including a plurality of wireless |ocation sensors. 8. The nethod of Caim
7 wherein said attribute is tine difference of arrival. 9. The met hod of
Claim 8 wherein the step of determning the time difference of arrival

i ncludes correlating said pilot signal wwth a reference signal. 13 WO

03/ 102893 PCT{gUSO03 } tefod Jfieteffinethb datidn 3 axiren Bobitvaapplianct hbeirep of
determining the tinme difference of arrival includes anbiguity function

pr OPeSSi%elgés_lééitign RdrlsOf resdiBiial gnWistehhiffed eS8 80 E@st MdbNdpplibiice, ke met hod of
Claim5 erein sald wreless location sensor is geographically spaced

apart f ri?rﬁ?ré@e&r% heE%the RRGHRAXTSaid il nRbile A8pliahBEisMichathe @bt 16dsRinBatt

. 1)
wherein e Wreless conmuni cati on systemis an asynchronous system 13.

Syet om o A RUE RERPOT nd) R PLE ARy R b B LR TRS: D o

is WCDMA  caonpliant as specifi by t he ird.CGeneration Partnership

Proj ect .18 .erqfl‘?émﬁ%?l%ﬁé‘ Sﬁnét?ﬁ%nhﬁyq}%éflbo};ﬂeg%?%nﬁsl ot signal emitted from
said first nobile appliance is used by said at | east aqne base station to
coherent |y detbdul Hicanethed of ¢laun L7 ) allem%ﬁ%t‘?@t}teﬂ?‘%iﬁmﬁ’ivﬁ t mobile
appliance. 16. The nethod of Caim1 wherein said pilot_signal emtted from
said first nobi.le TheppethedefClaim §@whemsinegidaitripute s atglepf BFiVal | ong spreadi ng
code for said first nobile appliance. 17. The nethod of Claim 1l wherein
said pilot sizhal Brmetbod 6f Glhins 49 wheieinssaidwstyiblte is received power level.

23.  The method of Claim 19 wherein said first mobile appliance is operating in a
wireless communication system having at least one base station for communicating with said

mobile appliance.

24.  The method of Claim 23 wherein said attribute is selected from the group
consisting of time of arrival, angle of arrival, and received power level.

25.  The method of Claim 23 including a plurality of wireless location sensors.

26.  The method of Claim 25 wherein said attribute is time difference of arrival.

27.  The method of Claim 26 wherein the step of determining the time difference of
arrival includes correlating said pilot signal with a reference signal.

28.  The method of Claim 26 wherein the step of determining the time difference of
arrival incluaes ambiguity function processing of said pilot signal with a reference signal.

29.  The method of Claim 23 wherein said wireless location sensor is geographically

spaced apart from said at least one base station.

30.  The method of Claim 23 wherein the wireless communication system is an

asynchronous system.
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appliance is a CDVMA2000 reverse pilot signal as specified by the

Tel ecommuni cations I ndustry Association. 18. The nethod of Caim1 wherein
the location of the first nobile appliance is determ ned i ndependent of
the state O¥O&HI0B¥irst nobile appliance. 14 WO 03/ 102893 PRTHSO#TL7017470
19. In a nethod of determining the |ocation of a first nobile appliance
wherein a wreless |ocation sensor receives signals emtted fromsaid
first nobile appliance, the inprovenent wherein the |ocation of said first
nobi l e appliance is determned at least in part froman attribute of a
pilot signal emtted by said first nobile appliance wherein said pil ot
signal is diff ererde héthsa of ¢laim 33 GRakh tBekireRes doynmidicttioneistdre isspPDManCes.
20. The nmethod of C aim 19 wherein said attribute is tine of arrival. 21.
The net hgadi.gf C aim 19 wherein said attribute is angle of arrival. 22. The
met hod o aim 19 wherein said attribute is received power |evel. 23. The

met hod of O ajym 12@@*}{?&%@? ﬁ% b4 mre{mpe W RRPL cdt1§n@95%r§§§ WEDMAR

Wi rel ess communi cation sys ving at [east one ase station for
conmuni cat i qrethod of C aim 23
wher ei n %Oﬂ@gﬁﬁsspﬁﬁﬁ%&% I;PI}”I téggéfarlg}?nfﬁﬁle%ﬁrpo pF' ¢onsi sting of t| me of
arrival, angl rriv d.r ved 5.~ The .net ho f
Cl ai m 23 incl | ng @?%?%%?gwaﬂgfne %ﬁng%?gs%?lg g‘%ést cei
met hod of Claim 25 whereln sald%ttrlbutel gedl%‘#‘ﬁrenc f &%leal.
27. The #RPUARS 15HsedbyispdAs lapng; ?'Fetsf'?é‘ogtt%f)o ;en ferodylat §
difference of arrival includes correlating said pilot si gnal wth a

r ef er encemiied aiisaid figst ripdleapplingee-of Cl ai m 26 wherein the step of”

determning the tine difference of arrival includes anbiguity function
processi ng of 34ai dl hethod pifBlaim WP whergin safdepitot signaliegnied o said fisst mobHod of
Claim23 wherein said wireless |ocation sensor is geographically spaced

apart fr aspliaadeds géneratabis ofiactiasd adoret sporading code for said first mobile appliance.

35.  The method of Claim 19 wherein said pilot signal emitted from said first mobile
appliance is a CDMA2000 reverse pilot signal as specified by the Telecommunications Industry
Association.

36.  The method of Claim 19 wherein the location of the first mobile appliance is

determined independent of the state of said first mobile appliance.
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30. The nethod of C aim 23 wherein the wireless conmunication systemis an
asynchronous system 15 WO 03/102893 PCT/ US03/ 17470 31. The nethod of Claim
23 wherein the wireless communication systemis a CDVA system 32. The

met hod of VW23 wherei n the wirel ess conmuni cati on sys®PERUSE/WVETHVA
conpliant as specified by the Third Generation Partnership Project. 33. The
met hod of C aim 23 wherein said pilot signal emtted fromsaid first nobile
appliance is used by said at | east one base station to coherently

denodul ate a traffic signal emtted by said first nobile appliance. 34.
The nethod of Claim 19 wherein said pilot signal emtted fromsaid first

nobi l e applignce AsmdejaesfaleRemintngithé WeatidnT adirstandtiegppiureadi ayircleske f or
said first nobile appliance. 35. The nethod of Claim 19 wherein said pilot

si gnal eggrﬁﬁnﬁﬂp{t{ gggy%@ﬁld Jlﬁﬁrrgsgngrfgpgtgﬁs &ppliance is a CDVMA2000 reverse pil ot
y t he

: o ] : T
signal as specifie el ecommuni cations Industry Association. 36.

The net hod of 5:1 agﬁ}bgi%glgf%qeg%&%ﬁ@cﬁ&ﬁati on of the first nobile appliance
i nde nt ot t

is determ negln pen e state’of said first nobile appliance. 16

Vo 031102055 T et 0 Uy ROl EL ST 00 oy bopgor of

first nobile nication sys onprising the

steps of: (a) proyidi a reverse pil.nt channel. transm t.ii om sai d
Firat mobvrat Al Pammel VSiel A v Bt s dsisnt ko gV iAol B8 ot
channel wherein said reverse pilot signal is different fromreverse pilot
si gnal s emiftedby@they mebHe pPREIBFSSe appl i ances; (c) receiving said first
nmobi | e appliance reverse pilot signal at a wreless |ocation )

(c) receiving said first mobile appliance reverse pilot signal at a wireless location

Sensor;

(d)  determining an attribute of said first mobile appliance reverse pilot signal a said
wireless location sensor; and,

(e) determining the location of said first mobile appliance as a function of said
attribute.

38.  The method of Claim 37 wherein said attribute is selected from the group
consisting of time of arrival, angle of arrival, and received power level.

39.  The method of Claim 37 wherein said first mobile app}liance reverse pilot sigrial is
received at a plurality of wireless location sensors.

40.  The method of Claim 39 wherein said attribute is time difference of arrival.

41.  The method of Claim 37 wherein said first mobile appliance reverse pilot signal is
a digital signal generated from an information bit data sequence of zeros.

42.  The method of Claim 41 wherein said first mobile appliance reverse pilot signal is

quadrature scrambled by a pseudo-random sequence that is a function of the ESN of said first

mobile appliance.
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sensor; (d) determning an attribute of said first nobile appliance reverse
pilot signal a said wreless |ocation sensor; and, (e) determ ning the

| ocation of said first nobile appliance as a function of said attribute.
38. The neWbes/16282€] ai m 37 wherein said attribute is sel e®CENHYTHIO he
group consisting of tinme of arrival, angle of arrival, and received power
| evel . 39. The nethod of C aim 37 wherein said first nobile appliance
reverse pilot signal is received at a plurality of wireless |ocation
sensors. 40. The nmethod of C aim 39 wherein said attribute is tine
difference of arrival. 41. The method of Caim 37 wherein said first nobile

appl i ance revgyse fid Atthsh 81Glairh 37 wheirOht dvefse gllad sigRN6S dkk thobile mppiiance
information bit data sequence of zeros. 42. The method of O aim 41 wherein

idfirst i | |1 11t Bk j | ed
sal TR & C}ggtgdr?ar%n@oqﬁ séqgl@ﬁceé tﬁﬁ\éfglﬁﬁtaﬂtﬁﬁ@ orthb @il 1o the p@dé@-&ﬁfd@ﬁﬁeg&?_@é‘b e

by a pseu m sequence t Is a function of the ESN of sai irst

nobi | e ag‘%lgirq?n er%aéKBWS%ﬁ{e}%%ﬁggﬁ)%& .03/ 17470 43. The nethod of C aim 37

wherein tsi gna each nobile appliance is a

pseudo-random sequence that .iL.s.substantially.or n .t he '
pseudo- r andonf eqﬁl?‘f’c et%ﬁ%{fgggé?g{peg&ﬁepo%) H%Lqugﬁlgr%{eﬁ%g{'l e appl i ances.
44. The nethod_ of d ajm 37 erein Sta\?\ng.‘i:l%‘) 'L6nclu es the steps of. (c)(i)
provi ding a r &)@ epreridingarsference signgf &fpaid PEeless QEAMPSRVEAEr . and (c) (i i)
detecting the presence of the first npbile appliance reverse pil ot signal
by cross- cor teafiidt detesting thepresenpioldbhiishmehise ﬁ‘@@éﬁ“‘\?éa"qr%ﬁ%%‘gﬁll JECI¥Pgnal
wth said reference signal. 45. The nmethod of Claim 44 wherein step (c)(ii)
i ncl udes cordaimngdothedime fomain the teecivedreversearior pigad dvithraid refgrnemsigndlonai n t he
received reverse pilot signal with said reference signal. 46. The nethod of
Cl ai m 44 wher ¢5.n sTrpmetpd of Cldimddrdessimstep (D) jncludes ciosprcorrelating in the time

domain and the frequency domain the received reverse pilot signal with said reference signal.

46. The method of Claim 44 wherein step (¢)(ii) includes ambiguity function

processing jointly in the time domain and the frequency domain the received reverse pilot signal

with said reference signal.

47.  The method of Claim 44 wherein step (c)(i) comprises the steps of:
(©)(@)(A) generating a sequence of zeros;

©)@H)(B) generating a long spreading code using the long code mask of said first

mobile appliance; and

©)(EXC) applying said long spreadihg code to an I channel short code and applying

said long spreading code to a Q channel short code.

48.  The method of Claim 37 wherein said wireless communication system includes at

least one base station.

49,  The method of Claim 48 wherein said wireless location sensor is geographically

spaced apart from said at least one base station.
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processing jointly in the tinme domain and the frequency domain the received
reverse pilot signal wth said reference signal. 47. The nethod of Claim
44 wherein step (c)(i) conprises the steps of (c)(i)(A) generating a
sequence oW ®&¥1§2893 (c) (i) (B) generating a | ong spreadi ng E6AVSUEITAY t he

| ong code mask of said first nobile appliance; and (c)(i)(C applying said
| ong spreading code to an | channel short code and applying said |ong
spreadi ng code to a Q channel short code. 48. The nethod of C aim 37
wherein said wrel ess conmuni cation systemincludes at |east one base
station. 49. The nethod of C aim48 wherein said wireless |ocation sensor

i s geographi cg | y TiRaGR6H 8PCkim 87 MkBai tHe direlesncimmnecdidpagysémis o0DME WO
03/ 102893 PCT/ US03/ 17470 50. The nethod of Cdaim37 wherein the wrel ess

comuni cation .systenuls a COMA  conmuni cation system 51. The nethod of
Clain1378%%g€%?% thgéﬁ?reless comuni cation systemis WCDMA conpliant as

specified by 4he THid fedERG ehids7 FRbRARS Wilkic! RirfilnicRion sfilen PHiTBMAf

Claim 37 wherei'n said reverse pilot channel 1s a reverse pil ot

channel as eci fied.by, the -Tel ' ' try Association. 53.
The et h%nﬁfm@%ﬁpﬁ?lgﬁ%g’reeﬁﬁrd?ae%%%g%{tedsesﬁ?:poﬂ% E?ca%/i on systemis an
asynchronous system 54 h thod.of . ajm 37 r el d I of the
first robile %&v)m ﬂéli*f’c@e‘ihgc-{ °§€{£§?B?h”@8f%§i’é r@ﬁ%fé%mgfﬁ?rﬁ‘&f*gt%ge A28
first nobile appliance. 55. A locatjon system.for es inatiqﬂ.the | ocati on
of a fireversppilotchapnsl posneeified by s CHEJX“WHW?S#P@ES PYR™Bpl i ance

i ncluding neans for emtti n? a pilot signal different frompilot,
53.  The method of Claim 37 wherein said wireless communication system 1s an

asynchronous system.

54.  The method of Claim 37 wherein the location of the first mobile appliance is
determined independent of the state of said first mobile appliance.

55. A location system for estimating the location of a first mobile appliance,
comprising:

said first mobile appliance including means for emitting a pilot signal different from pilot
signals emitted by other mobile appliances;

at least one wireless location sensor including means for receiving said first mobile
appliance pilot signal; and

a geolocation control server operatively connected to said at least one wireless location
sensor for determining an attribute of said received pilot signal and estimating the location of
said first mobile appliance as a function of said attribute.

56.  The system of Claim 55 wherein said attribute is time of arrival.

57.  The system of Claim 55 wherein said attribute is angle of arrival.

58.  The system of Claim 55 wherein said attribute is received power level.
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signals emtted by other nobile appliances; at |east one wireless |ocation
sensor including neans for receiving said first nobile appliance pilot
signal; and a geol ocation control server operatively connected to said at

| east one WQ@&¥182893| ocati on sensor for determ ning an at PETA§IRL7$ said
received pilot signal and estimating the location of said first nobile
appliance as a function of said attribute. 56. The system of C aimb55
wherein said attribute is tine of arrival. 57. The system of C aimb55
wherein said attribute is angle of arrival. 58. The system of C ai m55
wherein said attribute is received power level. 19 WO 03/102893

PCT/ US03/ 17479 5%he Thfersi o8 LG5 vwahcadifnsB5 fivdd efoblle agpiadced is bperatinginlae
appliance is operating in a wireless comruni cati on system having at | east

one base,_: i o ggygg.éfgngﬁg- t\Wakforedast stafdRi fhecoappbricdtiag withGaidThe
system g‘?’ﬁ%?%icgn&gg V\%ler el’n said a%tri bute is selected fromthe group

consi sti ng, .of t'.m% of arrival, angle of arrival, and received power |evel.
61. The BYYERPEF G ai m 59 i ncl udi ng a plurality of wireless |ocation
sensors. 62. The gystem of. (l.ai 1 21 0 sal } Bdhetnk Srdub M
difference of®rri IS?'St%%‘.Of‘Fﬁ s@svfeer%log&%agh??lnﬁ%% s\%kgee?ﬂr? thegrstgp of

determning the time difference of . arrival.inclu orrelating said pilot
si gnal vﬁ@ﬁlsﬁn&%ﬁt@%wgﬁgﬂ]& ‘“'.Of@ﬂ-.wa%l‘?@dﬁ%ﬁewg&p%‘flgrg?‘éeﬁ'm 62 wherein the step

of determining the tinme difference of , arrival, includes anbiquity function
processi ng ofglsai dThs sysemsgf ghaim iﬁmﬁluémséP@F@H&Q?WﬁﬁaﬁS@%%P%?ﬁS%syst em of
Cl aim 59 wherein said wrel ess |ocation sensor is geog{ﬂgahi Cafldlxﬁ spaced
apart from saé2 atThesystemaf&laimel wheieingad aggbute peiinas differnge oldrydh 59

wherein the wireless conmuni cation systemis an asynchronous ,éystem 67.
The system of 63 ai The&xstatmeafailsint flewhireialthssienofdetrmining be tigypdilerenes of cova

arrival includes correlating said pilot signal with a reference signal.

64.  The method of Claim 62 wherein the step of determining the time difference of
arrival includes ambiguity function processing of said pilot signal with a reference signal.

65.  The system of Claim 59 wherein said wireless location sensor is geographically
spaced apart from said at least one base station.

66.  The system of Claim 59 wherein the wireless communication system is an

asynchronous system.

67.  The system of Claim 59 wherein the wireless communication system is a CDMA

system.

68.  The system of Claim 59 wherein the wireless communication system is WCDMA
compliant as specified by the Third Generation Partnership Project.
69.  The system of Claim 59 wherein said pilot signal emitted from said first mobile

appliance is used by said at least one base station to coherently demodulate a traffic signal

emitted by said first mobile appliance.

20



system 68. The system of Caim59 wherein the wirel ess conmuni cation
systemis WCDMA conpliant as specified by the Third Generation Partnership
Project. 69. The systemof Caim59 wherein said pilot signal emtted from
sai d first WW10893 appliance is used by said at |east onePBAYSOXL7AI on to
coherently denodul ate a traffic signal emtted by said first nobile
appliance. 20 WO 03/102893 PCT/ US03/ 17470 70. The system of C aim59
wherein said | ocation systemis a network overlay |ocation system 71. The
system of Claim55 wherein said pilot signal emtted fromsaid first nobile
appliance is generated as a function of a | ong spreading code for said

first nobile appl 'ﬂ&%?stem%%méﬁhﬁsﬁaméramsﬂﬁ 163a8bin R Rivork avetlay | ot
signal emtted fromsaid first nobile appliance is a CDMA2000 reverse pil ot

si gnal ag . Sh G figd by the Tel ecomunications Industry Association. 73.
The syst R0 alrm 55 wherein said geol ocation control server includes: a

reference sig ner I

cross-correl ?fong@? |gU|Cﬁ&n?unc§?q%1hg%d flégglﬁ) @rggc%egr mﬁﬁ%aﬁ%ﬁrssé{ngbﬂe
attribute sai d rec ive il ot nal ; ,and i or
estimat i ﬁﬁ’? & 1 S?Efart as g‘?&fod‘ Offl RER S "8@%*"?%%@?9 %s],ne °§°5‘!3g§‘5 1% o4 on of
said attribute. 74. The system of aim ere| ross; corre t|on
or anbi guity ?Z;ncthﬁﬁYS@memHéf%%’?fﬁlééaﬁ}Pgh bR 87”1% grfgor%@mq) }’@

sai d received pilot sggnal for at |east two,of n"EI d wrel ess locﬁ’xdla
sensors apliangeds eiGPMARA0Q wseerse BiiptsignalAgspeciadhy e deleporampgicaiions RS ai d
first nobile appliance as a function of said tine difference of arrival.
75. The syswomonf C aim 55 wherein said first nobile appliance pilot signal

is transmtted continuously.
73.  The system of Claim 55 wherein said geolocation control server includes:

a reference signal generator for generating a reference signal;

a cross-correlation or ambiguity function device for determining said attribute of
said received pilot signal; and

a location estimator for estimating the location of said first mobile appliance as a
function of said attribute.

74.  The system of Claim 73 wherein said cross-correlation or ambiguity function
device determines the time difference of arrival pf said received pilot signal for at least two of
said wireless location sensors and wherein said location estimator estimates the location of said
first mobile appliance as a function of said time difference of arrival.

75.  The system of Claim 55 wherein said first mobile appliance pilot signal is
transmitted continuously.

76.  The system of Claim 55 wherein said first mobile appliance pilot signal is
transmitted periodically.

77.  The system of Claim 55 wherein the location of the first mobile appliance is

determined independent of the state of said first mobile appliance.
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76. The system of C aim55 wherein said first nobile appliance pilot signal
is transmtted periodically. 77. The systemof C aim55 wherein the

| ocation of the first nobile appliance is determ ned i ndependent of the
state of s¥NQAUHi088 nobil e appliance. 21 WD 03/102893 PCTPOUTASPI7A7P0 78. A
met hod for estimating the | ocation of a nobile appliance in a wrel ess
communi cation systemincluding at | east one base station and a plurality of
geol ocation receiver sites, conprising the steps of. transmtting from
sai d nobil e appliance a known spread spectrum sequence for establishing
synchroni zati on between said nobil e appliance and said at | east one base
station; recg Vi ngnRaicd feeaueiass tle 165atdsn of a mabite gplinade igestizbas i on
receiver sites; cross-correlating in the tine domain and the frequency

dormai n ngqmﬁ&ﬁ a4y 68 YEIeEn Ml BasBokca 68 QAGE SEQUAREELyldS gtblecaeby rabeiver i ne
an attribute o salé recei ved sequence at said ones of said plural

geol ocat i.on recei yer, Si '~ and, estimating the |l ocation of the nobile
appl i ancggg’scogncpﬁ&%gtﬂlnezgrgépgiﬂsai d attribute. 79. The nethod of Claim 78

wher ei n one of sai l.ur al . l.ocat i I i | {Rshs hical |y
spaced apart ‘F?ﬂfm“gﬂgﬁ&“ Sﬁﬁggeaﬁég%[}egﬁég ag%regc% %’ftél on. s%cgﬁg%%prret hod of
Claim 78 wherein sajd spread spectryum seqguence is . : pi | ot
si gnal agst%b&éémsﬁér&hw%gﬂgn gﬁwgmﬂﬂlﬁw@gﬁp@ﬁ%ﬂﬁeﬁ%%‘%@%?% Slggﬁ{l 1. The
met hod of Claim 78, wherein said sp eadd spect Lqum.se uence.ti s transmtted
cont i nuous| y. reggivingisaidsequesee drones of spcal CAUATHECH &8ss communi cati on
systemis an asynchronous system 83. The nethod of C aim 78, wherein said
communi cat i oncoyseasTelatiogan thenme dospaAdRE FeArEy fempingde reqgiecd SEAVTEC of

Claim78, wherein said communication systemis WDVA _
with a reference sequence to thereby determine an attribute of said received sequence at said

ones of said plural geolocation receiver sites; and,

estimating the location of the mobile appliance as a function of said attribute.

79.  The method of Claim 78 wherein one of said plural geolocation receiver sites is
geographically spaced apart from any of said at least one base station.

80.  The method of Clairﬁ 78 wherein said spread spectrum sequence is a CDMA2000
reverse pilot signal as specified by the Telecommunications Industry Association.

81. The method of élaim 78, wherein said spread spectrum sequence is transmitted

continuously.

82.  The method of Claim 78 wherein the wireless communication system is an

asynchronous system,

83.  The method of Claim 78, wherein said communication system is a CDMA

comrmunication system.

84.  The method of Claim 78, wherein said communication system is WCDMA
compliant as specified by the Third Generation Partnership Project.

85.  The method of Claim 78 wherein the location of the first mobile appliance is

determined independent of the state of said first mobile appliance.
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conpliant as specified by the Third Generation Partnership Project. 85. The
met hod of Claim 78 wherein the location of the first nobile appliance is
determ ned i ndependent of the state of said first nobile appliance. 22 WO
03/ 102893 MOM3USeRYE 17470 86. The nethod of C aim 78 wher ePRTIRE/K#¥p of
cross-correlating in the time domain and the frequency domain is repl aced
by anbiguity function processing jointly in the time domin and the
frequency domain. 87. In a nmethod of determning the location of a first
nobi | e appliance wherein a wreless |ocation sensor receives signals
emtted fromsaid first nobile appliance, the inprovenent wherein the
location of sgid figsShethBPbt CladRNE WABRM ths st beEdbd@ el dtitg Pethe gifife ddinaid he
state of said first nobile appliance. 23

and the frequency domain is replaced by ambiguity function processing jointly in the time
domain and the frequency domain.

87. In amethod of determining the location of a first mobile appliance wherein a
wireless location sensor receives signals emitted from said first mobile appliance, the
improvement wherein the location of said first mobile appliance is determined independent of

the state of said first mobile appliance.
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