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of the Invention: [0002] The present invention relates to conmunications
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positioning systens and wireless networks. Description of the Related Art:
[0003] The trend in the wireless conmunications industry is to provide a
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Field of the Invention:

[0002] The present invention relates to communications systems. More
specifically, the present invention relates to GPS positioning systems and wireless

networks.

Description of the Related Art:

[0003] The trend in the wireless communications industry is to provide a
service that generates accurate position information for wireless terminals and to
provide this information to requesting entities. This trend is driven to a large extent
by the needs of public safety service providers in their efforts to promptly respond to
emergency calls. In many instances, the calling party may be unwilling or unable to
provide accurate position information. When such information is provided
automatically, as is the case in wireline telephony services, public safety officials are
able to respond and render service quickly. In general, the place that a public safety
entity receives ‘911’ calls is known as the Public Safety Answering Point (hereinafter
‘PSAP’).



wireline tel ephony networks because of the inherent nobility of wireless
tel ephones. I n sonme wireless systens, the PSAP is provided with position
i nf or mat ivod 02/Bis26 r esol ves which wirel ess base station, oPCpERNZE14whi ch
radio sector within a wreless base station, is handling the energency
call. Position information to this degree of resolution only identifies
the calling party location to a rather Broad geographic region, so the
PSAP di spatchers have to rely on the position information given orally by

the calling rty befqre the an respond to energency service request.
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1997, the FCC issued a revised version of the report and order. Highlights are as
follows:
[0006] Within twelve months after the effective date of the rules, the FCC will
require that cellular, broadband PCS and geographic area Specialized Mobile Radio
(hereinafter ‘SMR’) systems transmit to the PSAP all E911 emergency calls from any
mobile station that transmits a mobile identification number (hereinafter ‘MIN”), or its
functional equivalent, without any interception by the carrier for credit checks or other
validation procedures.
[0007] Beginning twelve months (and completed within eighteen months)
after the effective date of the rules, the FCC requires cellular, broadband PCS and
geographic SMR licensees to offer certain E911 enhancements. These E911
enhancements include the ability to relay a caller’s telephone number (call back the
E911 caller if a call is disconnected). Also, carriers must be capable of routing E911
calls to an appropriate PSAP.
[0008] Within five years after the effective date of the rules, the location

(position) of the mobile station making the emergency call must be provided to the

qualified PSAP in two-dimensions and have an accuracy within a 125 meter radius
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nmet hods. According to the FCC, a request is qualified if and when (1) a
PSAP i ndiv@avz31seé has the capability to receive and util i ReT/Usées2ounber and
| ocation passed along by the wireless carrier, and (2) there is a cost-
recovery nechanismin place. [0009] The FCC position accuracy requirenents
are a mninum so suppliers and manufacturers of wirel ess network equi pnent
are working to provide location data that is nore accurate than the
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system wherein the location of nobile stations est’l mat e

measur enent tlef nunbdremddodation pasded athelgayy the vesclest cheme,omdsRy dekesis a cost-
synchronously transmtted by several base stations. A trilateration
cal cul at i on§eVHYdRChBIFRIBPIACHe position. [0010] Anot her approach to
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TRANSCEI VER.. Solinman et al. teach a _npre sophisticated approach to nobile
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teach the process of recelving at ‘a base station'a first signal transmtted
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GPS satellite. The nobile station is adapted to receive these GPS signals
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station. Th?rilateration calculation is made to determine position.
[0010] Another approach to location measurement of a mobile station in a
wireless network is taught by a patent assigned to Qualcomm Inc.: U.S. patent
6,081,299 to Soliman et al., for SYSTEM AND METHOD FOR DETERMINING
THE POSITION OF A WIRELESS CDMA TRANSCEIVER. Soliman et al. teach a
more sophisticated approach to mobile station location determination utilizing both
Global Positioning System satellite and terrestrial base station signals. Generally,
Solimon et al. teach the process of receiving at a base station a first signal transmitted
from a first GPS satellite and a second signal transmitted from a second GPS satellite.
The mobile station is adapted to receive these GPS signals as well and transmit a third
signal to the base station in response thereto. The base station receives the third signal
and uses it to calculate the position of the mobile station. In one specific
implementation, the base station sends aiding information to the mobile station. The
aiding information is used by the mobile station to more quickly acquire the signals
transmitted by the first and second satellites than is possible without the presence of

such aiding information.
!



aiding information is used by the nobile station to nore quickly acquire
the signals transmtted by the first and second satellites than is
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PCT/ US01/ 32014 4 [0011] The use of GPS satellite position and velocity
measurenent is a good approach to wireless termnal |ocation determ nation
because positions can be deternined w thin the accuracy requirenments of
the FCC report and order. It also has other benefits in that new GPS

features ca i ntegrated int wi.rel ess. tel ephone once the GPS
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orbit pat hs Pr@gEPRp q‘r%%ﬂ?ij?f‘éﬁ’é?ﬁ@th"s?%u@@féfl@ PRgRes-on neasurements of
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satel | ites ithe Baghi r adyfuser jof €GPS eanypdsie bOIEel eaf degive Gitedide AavdiaRASI ONS
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satellites. The precise capabilities of the GPS system are nmintai ned by

means of on-Y¥Bareapest dpriose another. Eight satellites are equally spaced within each of the
three orbit paths. Position measurements using GPS are based on measurements of
propagation delay times of GPS signals broadcast from the orbiting satellites to a GPS
receiver. Normally, reception of signals from 4 satellites is required for precise
position determination in 4 dimensions (latitude, longitude, altitude, and time). Once
the receiver has measured the respective signal propagation delays, the range to each
satellite is calculated by multiplying each delay by the speed of light. Then, the
location and time are found by solving a set of four equations with four unknowns
incorporating the measured ranges and the known locations of the satellites. The
precise capabilities of the GPS system are maintained by means of on-board atomic
clocks for each satellite and by ground tracking stations that continuously monitor and
correct satellite clock and orbit parameters.
[0013] Each GPS satellite transmits two direct-sequence-coded spread
spectrum signals in the L-band. An L1 signal at a carrier frequency of 1.57542 GHz,
and an L2 signal at 1.2276 GHz. The L1 signal consists of two phase-shift keyed
(PSK) spread spectrum signals modulated in phase quadrature. The P-code signal (P

for precise), and the C/A-code signal (C/A for coarse/acquisition). The L2 signal



cl ocks for each satellite and by ground tracking stations that continuously
nonitor and correct satellite clock and orbit paraneters. [0013] Each GPS
satellitevopzasseé t s two direct-sequence-coded spread speBPCTAIRIZE2GHAl S in
the L-band. An L1 signal at a carrier frequency of 1.57542 GHz, and an L2
signal at 1.2276 GHz. The LI signal consists of two phase-shift keyed

(PSK) spread spectrum signals nodul ated3 n phase quadrature. The P-code
signal (P -for precise), and the C/ A-code signal (C A for
coarse/acquisition). The L2 signal WO 02/31526 PCT/US01/ 32014 5 contains
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each signal by multiplying it by a tine-aligned, | y-gener at ed copy of
t he code, i nignalippvajkbibk tkabwseras despreadi ng. Si nce the appropriate time
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spreading effect of the pseudo-random code modulation must be removed from each
signal by multiplying it by a time-aligned, locally-generated copy of the code, in a
process known as despreading. Since the appropriate time alignment, or code delay, is
unlikely to be known at receiver start-up, it must be determined by searching during
the initial “acquisition” phase of a GPS receiver’s operation. Once determined, proper
code time-alignment is maintained during the "tracking" phase of GPS receiver
operation.
[0015] Once the received signal is despread, each signal consists of a 50
bit/sec PSK signal at an intermediate carrier frequency. The exact frequency of this
signal is uncertain due to the Doppler effect caused by relative movement between
satellite and terminal unit, and to local receiver GPS clock reference error. During
initial signal acquisition this Doppler frequency must also be searched for, since it is
usually unknown prior to acquisition. Once the Doppler frequency is approximately
determined, carrier demodulation proceeds.
[0016] After carrier demodulation, data bit timing is derived by a bit
synchronization loop and the data stream is finally detected. A navigation calculation

may be undertaken once the signals from 4 satellites have been acquired and locked



operation. [0015] Once the received signal is despread, each signa
consists of a 50 bit/sec PSK signal at an internediate carrier frequency.
The exactwoéomspsecqicy of this signal is uncertain due to ther/DSppi2ers ef f ect
caused by rel ative novenent between satellite and termnal unit, and to

| ocal receiver GPS clock reference error. During initial signa

acqui sition this Doppler frequency nust fal so be searched for, since it is
usual Iy unknown prior to acquisition. Once the Doppler frequency is
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time is furkpee mhangé R ageheldf ffbplchkﬂjeﬁhésél B8at{dns €are dﬁ%ﬁmeﬁﬂe afa-tihe four
satellites wthin view of the
sequentially, a process which can take 5 to 10 minutes. The acquisition time is further

lengthened if the identities (i.e., PN-codes) of the four satellites within view of the
receiving antenna are unknown.

[0018] In the case where a GPS receiver has already acquired the satellite
signals and is then in tracking mode, the position determination process is virtually
instantaneous. However, in the routine use of wireless terminals, users turn the power
on and quickly begin operation. This may be the case when an emergency
communication is intended. In such situations, the time delay associated with a 5 to
10 minute GPS satellite signal acquisition cold-start by a GPS/wireless terminal unit
before a position fix can be obtained limits the response time of the system.

[0019] Thus, a need remains in the art for a system and method for decreasing
the time required to acquire GPS satellite signals and render a position fix in a

GPS/wireless terminal unit.



recei ving antenna are unknown. [0018] In the case where a GPS receiver has
already acquired the satellite signals and is then in tracking node, the
posi ti onv@vzsrsecati on process is virtually instantaneouBCT/HSNK32er4, in the
routine use of wireless termnals, users turn the power on and quickly
begi n operation. This may be the case when an energency comunication is
intended. In such situations, the tinme dklay associated with a 5 to 10
mnute GPS satellite signal acquisition cold-start by a GPS/wirel ess
termnal unit before a position fix can be obtained limts the response
time of the system [0019] TRUMMAREELF FTHRINYENHOMe art for a system and
nmet hod for decreasing the tinme required to acquire GPS satellite signals
and render a position fix ina GPS/wireless termnal unit. WO 02/ 31526
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addressed by the systens and nethods of the present invention. In a first
enbodi nent , pacssyisingeptionor In pdhsindmbddigent, EPBtechor hrnsmitdoea S ecsiear ch
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[ 00211 In another enbo?li
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relative togthen Egelih M terminal unit. In a refinement of the foregoing system, the GPS
code-phase search range is defined by a center value and a size value.

[0021] In another embodiment of the system, the base station includes a means
for obtaining a time offset for the GPS/wireless terminal unit relative to the GPS time
reference and the controller calculates the GPS code-phase search range with
reference to the base station geographic location plus the wireless coverage area, and
the time reference. In a refinement of this embodiment, the means for obtaining a
time offset utilizes the round-trip wireless signal propagation time between the base
station and the terminal unit to establish that time offset.

[0022] In another embodiment of the system, the base station includes a means
for obtaining a location reference for the GPS/wireless terminal unit and the controller
operates to calculate a GPS code-phase search range with reference to the location
reference, in addition to reference to the time reference. In a refinement of this
embodiment, the means for obtaining a location reference utilizes a terrestrial based
measurement approach and covariance matrix to establish said location reference.
[0023] In addition to the foregoing systems, the present invention discloses
several methods of practicing the present invention. In a first method of defining a

GPS receiver code-phase search range for an integrated GPS/wireless terminal unit



reference and the controller cal culates the GPS code-phase search range
with reference to the base station geographic |ocation plus the wreless
coveragevoex31sand the time reference. In a refinenent oPCTAS&I/2MI0di ment ,
the neans for obtaining a time offset utilizes the round-trip wreless
signal propagation time between the base station and the termnal unit to
establish that tine offset. [0022] In arfot her enbodi nent of the system the
base station includes a nmeans for obtaining a |ocation reference for the
GPS/wireless termnal unit and the controller operates to calculate a GPS
code- phase %%ﬁ@hg it gerahgss mepedrk heriae a lnse h@flplé)dh@ signs inclidsrcalvatating g
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said location reference. [002 ] In addition to the foregoing systens, the
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station for receipt by the termnal unit. In arefin rrent of this method,
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stati on geogowaphiip wiodedsisignappropagdtionwimebawserc twdraggstation and the terminal
unit to establish the time offset.
[0025] In an improvement of the foregoing embodiment, a step of obtaining a
location reference for the GPS/wireless terminal unit is added. Then, calculating the
GPS code-phase search range with reference to the location reference, and the time
reference. In an improvement on this, the obtaining a location reference step utilizes a

terrestrial based measurement approach and covariance matrix to establish said

location reference.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a diagram of an exemplary spatial environment on an
illustrative embodiment of the present invention.

[0027] FIG. 2 1s a diagram of a wireless base station section arrangement.
[0028] FIG. 3 is a functional block diagram of a wireless terminal unit.

[0029] FIG. 4 is a functional block diagram of a base station.



area, and the tinme reference. In another enbodi nent, the obtaining step
utilizes the round-trip wireless signal propagation tine between the base
station avaoybks2¢ erm nal unit to establish the tinme of f SRBCT/UBQCR2B14 | n an
i nprovenent of the foregoing enbodiment, a step of obtaining a |ocation
reference for the GPS/wreless termnal unit is added. Then, cal cul ating
the GPS code-phase search range with ré& erence to the |ocation reference,
and the tine reference. In an inprovenent on this, the obtaining a

| ocation reference step utilizes a terrestrial based measur enent approach
and covari ah@®0at r | XFEG Sstsabl diagramapl an | iJugitdtiya ¢rebediapste of BRI Present
DESCRI PTI ON. OF THE DRAW NGS [0026] FIG 1 is a diagram of an exenpl ary

spati al envﬂr?veﬁﬂ%lht on an illustrative enbodi ment of the present
i nventi on. mag] Fl GF1@. I6Sisaadd1a§aﬁrrbpfanaﬂmufa@lk/eseinmlﬁelstt 8f QN pRREdt! ON
arrangenent . 028] FIG 3 is a functional block diagramof a w reI ess

term nal unumventl{)lti)OZQ] FIG 4 is a functl onal bl ock diagram of a base
station. 1526 /USD1/ 32014 00. | G a di agram of an
T ustrat i viOBBod: memCor e GRE8EAr o AUBESH CrpBuRTPEpEie by
di agram of anehlibpstrati ve enbodi ment of the present invention. [0032]

FIG 7 is a diagramof an illustrative enbodi nent of the present
invention. [@#33] FlI GFIG. i8sisaa dliggamnobhn atlustiative tenaltodimentmbbd thempresemtf t he
present inyention. [0034] FIG 9 is a diagramof an illustrative
enbodi nent  &1VePH&present” i nventi on.
[0034] FIG. 9 is a diagram of an illustrative embodiment of the present
invention.

DESCRIPTION OF THE INVENTION

[0035] Ilustrative embodiments and exemplary applications will now be
described with reference to the accompanying drawings to disclose the advantageous
teachings of the present invention. While the present invention is described herein
with reference to illustrative embodiments for particular applications, it should be
understood that the invention is not limited thereto. Those having ordinary skill in the
art and access to the teachings provided herein will recognize additional
modifications, applications, and embodiments within the scope thereof and additional
fields in which the present invention would be of significant utility.

[0036] Reference is directed to Figure 1, which is a diagram of an illustrative
spatial environment in which the present invention would operate. A wireless
network is located on the surface of Earth 4 and includes a number of wireless base
stations, identified as items 6, 8, 10, 12, and 14 in Figure 1. Each base station
generally defines a region of coverage, often times called a ‘cell’ of coverage. A
mobile terminal unit 2 (or any number of mobile terminal units) operates within the
coverage area of the wireless network. The terminal unit 2 generally operates on or

near the surface of Earth 4. In the preferred embodiment, the wireless terminal unit



DESCRI PTI ON OF THE | NVENTI ON [ 0035] Il lustrative enbodi nents and exenpl ary
applications will now be described with reference to the acconpanyi ng

dr awi ngs W 0zissed ose t he advant ageous teachi ngs of the prep®Rtl/a2nMent i on.
Wil e the present invention is described herein with reference to
illustrative enbodinents for particular applications, it should be
understood that the invention is not |iri0ted thereto. Those having ordi nary
skill in the art and access to the teachings provided herein wll

recogni ze additional _nodifications, g} | i cations, and enbodi ments within
the scope t KERPHFESAGPA deRetyes it receives S sienals lepmGrS prtellitestilipsivased ason

woul d be of sshanid Ganh Widd 34 1n A0E] PRI Sense dadlraet A% Lfoure T

which is a di agramof "ah 1111us envi ronnen

present inva@aDMan tymstedved peparhiing AnvvamkmSe Wﬁh\/\@AK-ISS)5| Q@aﬂledp@ﬁ’eﬁelae
surface of Earth 4 and i ncludes a nunber of wi rel ess base stations,
i dentified &mbodigmanteandtherehy qommypigates, With theyiieeless meerkbbase séationk.on

general ly d?lﬁ&s?%?eﬁ%s%%&]s?ﬂg%fs 1%%’553? often tines called a "cell' of

cover age. termn unit or any nunber of nobile term nal

units) oper JOE37]W t hi IReffdienceC RV @ra&ted abERighfe Lhaviith aligsifatdieineordsluibire
termnal unit 2 generally operates on or near the surface of Earth 4. In

t he pref er r eavasagsoefi avbipical wivelepd bask station @ftrin izt prgfrirred\WObOAIGNE 2B he base

PCT/ US01/ 32Q conpri ses_ a GPS re that receives GPg signals from
GrS satel It oegonith §87 oS Inc or sy TeFl WhBtech BF G055 [ The piffdr ' The
wirel ess tekfibdaimdanl t maFiRrd ¢ |th6185ar@ thiePMParsEAOSC §sis, %ﬁ%l@&'tﬂgthké%
accordance with EAI-1S-95 1n t preferred enbodi ment, and thereb

communi cat egnigneas, tlhlétr@tﬂd es gems ﬁé,t%orakd Blse Figuae 20%e aniehhas6r 28 emid_éﬁ base
oo on 8BRS o HOP L Y SEB"R  sEoe r B B
ICBI\/}A h ter g L 21; 2?§g§a333§?§%%%dtrziﬁ%§ggglsr gﬁ Atdatiodpatiedh &ABRIY SRapRASIKER MOre
120° wedge. Thus, the cellular coverage areas of each antenna 26, 28, and 30 are
represented by radiation patterns 34, 32, and 36 respectively. The combination of
these patterns generally define the ‘cell’ of coverage 38 of the wireless system base
station 24. With respect to the present invention, it is noted that the wireless network
in the preferred embodiment maintains wireless terminal unit call tracking information
that resolves which sector and which base station a particular wireless terminal unit is
accessing to place or receive a call. Furthermore, the wireless network contains data
representative of the geographic area covered by each base station ‘cell’ and sector.
Therefore, the location of a wireless terminal unit operating in a call is known, at lest
to the extent of the base station coverage area, and perhaps to the extent of the sector
coverage area.
[0038] Reference is directed to Figure 3, which is a functional block diagram
of a wireless terminal 2 unit in the preferred embodiment of the present invention. A
CDMA transceiver portion 42 and a GPS receiver portion 44 are coupled through a
common radio frequency circuit 46 that is coupled to a transmit/receive antenna 48. A
controller 40, which is typically microprocessor based and comprises associated

circuitry including memory, input/output, and other peripherals, is coupled to the



enbodinment. In Figure 2, there are three transceiver systens, coupled to
three antennas, illustrated as itens 26, 28, and 30 in Figure 2. The

ant ennas w®02/26826 and 30 are generally oriented at 120 w PaT/USEYR20L4 t O One
anot her and enploy directional antennas that radiate and receive signals
in a radiation pattern generally shaped |ike a 120 wedge. Thus, the

cel lul ar coverage areas of each antenna 126, 28, and 30 are represented by
radi ati on patterns 34, 32, and 36 respectively. The conbi nation of these
patterns generally define the "cell' of coverage 38 of the wireless system
base stati §PPM4A trgyscpiveedpaed GRS raselverr & end i aRcsatiYeole, cantro] Bothotladint hat

the wirel ess.n kK .in th referred enbodi nent ..mai At ai n L e

term nal unisa%telgléwg £ ?138 1im_r%l?’itﬁ rgr%tt})v nsep?rﬁ%t ?(Fnérsogf:{fet a_ﬁﬁ?@wwélé%ﬁ)jﬁénd

whi ch base siaaédepRer anpaBRS Gededfer bdpobtBRdy.t GhET B@hirdMbnts bfd [BREESSbNehel O

pl ace or receive a call. Furthernore, the wirel ess network contains data

r epr esent at iGIMdf and &P§epaytianshpl therwiselessviermeinabynit &t hebpreeens imenidon aicel |
and sector. heregfore,, the | tion . of ireless termpal unit operating
e ol 1 vl iRrseia pdse BG4 B R e, B AET ShE BRI, it BT 206
area, and pebRpRsest @ LhE MpueBhpef PolforSeBt Mat FRYEIRAREALCRIcrHIEE] a
Reference is directed to Figure 3, which is a functional block diagram of
a wrel ess tleudsperder, disphays, ey swiieh prpartse and dthentevicasen treodrdinhel yrmed eyed

invention. A CDQ%A I ranscei Ver{ﬁ’ rtion 42 and a GPS receiver portion 44 are
coupl ed t hr SLYHCESS ERRTENCS 08 STOEHIYH Sy circuit 46 that is coupled to a

transmt/r ecfms»gaant eferdfte i dirB@BE [PFBle 4{3%1\@9 e AR b¥A tEGk! Hagram

m croprocessor sed and conprises associated circuitry including nenory,
i nput / out putof aavittless bese staiandhiarthé preférsedomipidadentef tirepr@nORV&itHR6 The

PCT/ US01/ 32014. 11 CDNVA.transceiver 42 and GPS recejver 46 and is operative
to control BBEEsS Ijbﬁsea?fam%ﬂ gé? Hgles éomqﬂﬁﬂfﬁ YRIR lyef%éipg 1} QMﬁ\a]gésFe

control | ers g{,88h 60uh@rstbb® b Mbse dkiRSiHahY &ft %ﬂceh%eﬁefaﬁ‘}giﬁééﬁ%g one or

respectively. The requirenents and functions of t S portions
of the w remmss CIBYIAI treiscaivirs 54 and hbagrsegontcontmoléertSi2oMhar@MA transceiver

is coupled to one or more antennas 55. In the preferred embodiment, a GPS receiver
56 is collocated with the conventional base station components. The GPS receiver 56
is coupled to a GPS antenna 57, and is coupled to the CDMA controller and a separate
position determining equipment unit 58 (hereinafter ‘PDE’). The GPS receiver tracks
all the GPS satellites in its field of view and provides the tracking information, and
ephemeris information, to the; controller 52 and PDE 58 as needed. The PDE 58 may
or may not be collocated with the other base station equipment. The base station 8 is
also interfaced with one or more communications networks in a typical installation.

[0040] In the preferred embodiment, the approach utilized for wireless
terminal unit position determination is for the wireless terminal unit to comprise a
GPS receiver, and to employ that receiver to receive the GPS satellite signals,
calculate its position and/or velocity information and to communicate that information
back to the wireless base station so that this information can be relayed to the entity
requesting position information for the wireless terminal units. As was discussed

hereinbefore, this will occur automatically when the user of the wireless terminal unit



wel | understood by those skilled in the art. In addition, the wreless
termnal unit 2 conprises a user input/output portion 50 that may i nclude
a m crophvomey/3®26 | oudspeaker, displays, key sw tch input sPCEOS0IGR2NEY
devices as are ordinarily enployed in wireless transceivers and GPS
receivers. [0039] Reference is directed to Figure 4, which is a functional
bl ock diagram of a wireless base statid2 8 in the preferred enbodi nent of
the present invention. The wreless base station 8 includes those
conponents typically found in a COMA base station as is understood by

t hose skill é’iacpﬁat &l andhecppsifiondpiqrmation il ge suigratisally previdedtnihe
transcei ver and a base station controller 52. The CDVA transceiver is
coupled to one or nore antennas 55. In the preferred enbodi nent, a GPS

recei ver 5004]col | oPabitidn iintl hveldbty cderergiiation ahay 86 ir $h al @ibeg YTRARGNT S.
The GPS receiver 56 is coupled to a GPS antenna 57, and is coupled to the

CDMA cont r olimplementatigns ehthe positiop deicrminingdepabilitieg efthe grasprtdmveniiaint By

her ei naf t er_ " PRE' he .GPS..[ ecei tracks. all th |lites in it
flela of v dmvane-tret: St ibERoYShet b ol by e S ° 1" 1S
i nformation[og42]t he coRbin Qhsifide BNHnFDW iR R Sa QMR urattNGi B E@niRY  OF

may not be collocated with the other base station equi pnent. The base
station 8 i dasegl gyothernabler lpeatipnwilhis enables wiredese cenienuiv cmpethwithevidites in a

typical installat.io . [ 0040 the preferred e di ment,  the approach
i1 zed foraiPanelTernedPapbp bt e8I G PLRHIRGL PO PECFor ¢ no
wirel ess teqgoqdl uni i obQidOBREd fffordnatioh ServRES! A Gker caRBall £ s@URE B¥nitNBt
receiver to receive the GPS satellite signals, calculate its position

and/ or vel o@pk Jori difvinghdir¢ctionsadget dyismonmestaurents hizdtels ndeparteientostorefy zemkd t o

th i rel b tati that this inf tion can be relayed. to the
entity roqElsRRIRRpILF SPSIEISHREE FaR oA TTBPIY HoCHFiEer Se ST BTiREL o As

}[’Vﬁs di scussedlicdifeqicrRBha R or&eﬁh? by liruBk St he RHQTRLVCARY MeiMaBAnt he user of
e wreless termnal unit WO 02731526 PCT/USO1/32014 12 places a 911
call and t hé0sd3i t i on Networkmpltnndmg:\Wibbildsiathort toceti orcethtisyicp frowmi the dvitedesshe
network operation can be used to plan expansion or deployment of an entirely new
network.
[0045] Dynamic network control: The collected location statistics can be used
to dynamically adjust network parameters to accommodate network load change due
to callers’ behavior.
[0046] Fraud management: Fraud can have a devastating impact on wireless
carriers by reducing profits and undermining the customer’s confidence. Location
information helps operators ensure prompt detection and tracking leading to swift
apprehension of the culprit.
[0047] Fleet management and asset tracking: Asset tracking gives the fleet
owner the ability to constantly locate company vehicles, to instantly communicate
with the driver, or at the push of a button, to update the status of the engine,
powertrain, door locks, etc.
[0048] Real-time traffic updates: Information received can be sent to traffic

management centers to help reduce traffic jams and speed travel.



PSAP. [0041] Position and velocity determ nation may occur in a nunber of
other inplenentations of the position determning capabilities of the
present iwe@ensisec©. By way of exanple, and not |imtati onPCBUSH/32014
applications may include the follow ng: [0042] Location sensitive billing:
Wrel ess can set accurate price differential based on the caller |ocation.
This enables wireless carriers to conpetl with wireline carriers by

of fering conparable rates when the caller is at home or in the office.
[0043] Location-based _information services: A user can cal| a service
center to a%MdHMor drilwidy avenéctheon@plsmegtationdei 6eGBR rassivauhantasrtaimot el s,

depar t ment $iPlaE3ns 1?15%1% y/v%%@etslg b&%oﬁgérbvhi—ggreneﬁﬁ r }ile(%e(:a }es(r:rg nkgtzﬂrgs%}qreg%) E@PI{; R gn?ow
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station location statistics fromthe wireless network operation can be

used to pl arfer@ipdnsiton Toraddegss dlisaasueo flesagness eiteraptytonghere REIMAr knd [GRS45]
Dynam ¢ network. caontraol: The col | ect. | ocation statjisti,cs can be used to
dynam cal Ty CHETTSCOmRpIEYs ~Baf rattan B, S5 AhpRadt i isiSeR Bt 26 Beenge
due to cal kegmft et e prd@® akiPHEIMNRBE IFRNRE ternfih AURICRHR HABY %o the
devastating i npact on wireless <carriers by reducing profits and

under mi ni ng Wiredess batemtations Thisif ipdesttle in theortdless neiwrfrh eneitanorenh béqagse of

D ahonai ot ety Fhesdt {siaiigidnt o Betsiiaf B8 e liuoh, andt theng
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conpany vehicles, to instantlTy communicate wth river, or at the push

of a butt onthe GPHpataliitestinatssficdd af vietv, gitberthg ipeinentubiveartd priomide dinisto thecks,
etc. [0048]

SEMECLOW TIRTE NAE AN S e R SN R R
eliminates the need for the wireless terminal unit’s GPS receiver to search for the
available satellites by PN-code and eliminates the need for the wireless terminal unit
to maintain the conventional GPS almanac within it-memory.

[0050] Another basic limitation of the conventional approach to GPS signal
acquisition and measurement is the long time required for the system to acquire and
then track the available GPS satellites before a position measurement can be
calculated. This is particularly troublesome in the case where a user has an emergency
situation that is responded to by turning on the user’s wireless terminal unit to place
the ‘9117 call. The cold start time may take 5 to 10 minutes. There is a need to
reduce the cold-start time for wireless terminal units to address this lag.

[0051] Without assistance, a standard GPS receiver needs to search across all
satellite PN-code sequences, all PN-code phase hypotheses, and all Doppler frequency
offsets in order to receive the necessary satellite signals. This means searching over 24
satellites, 10 kHz in Doppler frequency, and 1023 code hypotheses (which requires
2046 discrete half-chip code shifts and calculations). As noted above, the satellite
PN-codes for the geometrically available satellites can be provided to the wireless
terminal unit over the relatively fast CDMA communications link, which reduces the

number of discrete satellite PN-code sequences from 24 to the set of satellites actually



WO 02/ 31526 PCT/ US01/32014 13 [0049] In any event, the inplenentation of a
GPS receiver has certain limtations in the wirel ess network environnent.
There i s waokats2¢ressure to drive the cost of the GPS i npCEUSNYRDI4ON
downward as conpared to a stand-al one GPS receiver termnal unit. To
address this issue, designers attenpt to share COVMA and GPS circuitry
conponent s wherever possible. Another apgroach to reduci ng cost has been

to shift some of the processing away fromthe wireless termnal unit and
back to the wreless base station. This is possible in the wreless

net wor k envivisiferhichde Hpaellyrs, bihmay depsifow|as 4 Ghe Barsetptionmonineasivons
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wireless termnal units over the CDOVA communi cations |inks. This function
el i m nates wFatigedicedr Angtheriasrereiss: ednetionao! thaRopplecsig!t emieney seatrhsear ch

for the avajl.abl l.jte€ PN- nd. el.i m nates the need for the
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signal acquisition and neasurenent is the long tine required for the

system to ad@ftiionebesyigen theehaser dation: ped sheatdrmbiag vBRS secl a4 Ithet selodief of @ a

posi ti on neasur.enent. can..be alculated. This js.particularly troubl esone
in the case Shars ﬁutﬁglé’g ﬂ?f_as Héﬁ’e@%e%é%ﬂ%ﬂge %tf%rtaﬁf i S?'ﬂf;%nl?% e SESAEEd to
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The cold start tine may take 5 to 10 mnutes. There is a need to reduce

t he col d- st &ime qonprmingmpredesel ess termnal units to address this |ag. [0051]
W t hout assi ce, a. standard.CGPS.recejver needs to.search acro I
satellite P@@Ee S?ql}ixﬁcpggs,engmvemrba Cf)%g?emﬁﬁﬁf)‘wlée?e ,&?ﬁfﬂ Héﬂ?‘?n %ﬁppl er
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Thi s means searchi ng over satellites, 10 kHz in Doppler frequency, and
1023 code hyghcedkssearchwhwiindow epprametsr range based on calculations derived from

information about the wireless terminal unit’s position and time reference. This is
possible based on coarse knowledge of the receiver’s whereabouts and the receiver’s
time offset relative to GPS time. In the preferred embodiment, as noted above, a
CDMA transmitter/receiver is coupled with a GPS receiver. The CDMA hardware
and software allows very efficient communication with the network or any device that
is sitting on the Internet (compared with the GPS downlink) or other private network.
It also provides, through the means of identifying the base-stations that the wireless
terminal unit is in communication with and measuring the time of arrival of CDMA
signals, the capability of obtaining a coarse position estimate. Because of the fact that
the CDMA wireless terminal unit timing is aligned to the first arriving CDMA signal,
and because the CDMA signal is accurately aligned to GPS time, the wireless terminal
unit is provided with a very accurate GPS time source (typically within a few tens of
microseconds).

[0053] The base station generates a mapping between the wireless terminal
unit’s position and the GPS PN-code phase received. Also, this can be related directly

to the pseudo-range measurement as this is the relative phase delay of the PN-codes.



2046 discrete half-chip code shifts and cal cul ations). As noted above, the
satellite PN-codes for the geonetrically available satellites can be

provi ded woor/bs2ev rel ess terminal unit over the rel ati vePgTAU&G32CRIVA
conmmruni cations |ink, which reduces the nunber of discrete satellite

PN- code sequences from 24 to the set of satellites actually WO 02/ 31526
PCT/ US01/ 32014 14 visible, which is typiScally 8, but may be as few as 4.
The base station continuously nonitors the GPS constellation and provides
this information to the wireless termnal wunits. Thus, at |east the first
di mensi on ofBagbomthe Warelssy Ermingl dnjti Rogitiep Ameertainty Asess andsthiymanping, andduced.
Anot her asp i r ! f e Lt f h__range.
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ef fort of p@ga% ?1 QJng the received satellite PN-code sequence with the
| ocal | y generate code sequence renmmins a tine consum ng process.
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time. In the preferred enbodi nent, as noted above, a

transmitt er GiScedcoiver fimecwigyencg, delayedabyGhs prepagatien tinkh&o@DbA base thithee  and
software al Itovvs ery ef ficient conmunication with the network or any device
that 1is si t?l?nr%a 3% he I nternet (conmpared with the GPS downlink) or other
private netypgss) |t ahsge RCOME d8harib e PakiibRes FRAREA % ulcdedl fidd &gyt he
base-stations that the wireless termnal unit is in comunication with and
measuri ng t ledthere i mereiagairateftinBDidberence, which is determined by correcting base

station GPS receiver time for the propagation delay between the base station and the
wireless terminal.

[0056] In the third scenario, a more accurate time reference is known, as in the
second scenario, and, a more accurate position estimate is available, as in the case of a
terrestrial based trilateration systems.

[0057] Each one of these cases will be analyzed in more detail. All the
analysis will be done in units of meters; it is assumed that if necessary it is possible to
convert to GPS or CDMA chips. Also, the notation for GPS code-phase will be of
taking the direction from early to late (larger code-phase will correspond to larger

distance).

First Scenario - Mapping Between User Position and GPS Pseudo-Range

[0058] Reference is directed to Figure 5, which is a diagram of the spatial
relationship between the base station 8, the wireless terminal unit 2 and one of the

GPS satellites 18. The delay of the CDMA signal at the antenna of base station 8 is



signals, the capability of obtaining a coarse position estimte. Because of
the fact that the CDVA wireless termnal unit timng is aligned to the
first arweongs@DVA signal, and because the CDMVA signal PeT/aSeumeatsel y
aligned to GPS tine, the wireless termnal wunit is provided with a very
accurate GPS tinme source (typically within a few tens of m croseconds).
[0053] The base station generates a mapﬂﬁng between the wirel ess term nal
unit's position and the GPS PN-code phase received. Al so, this can be
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accurate time rerference s knHn, la n {h _ gcenari o,
accurate po%lmttI el 'c:ni%t %\heI BadY 'clltiozrilb%ec‘,auses e tfct).'l?owmg pse]lcldo-range offset:

)

geometry I

s| ‘b —s‘ In addition, there is an offset factor p,;, inherent in the

base station 8 that is: 0y, = ll; - El +Ar—At-c, where M and Ar are respectively the

satellite clock correction (derived from the satellite ephemeris information) and the
earth rotation correction (accounts for the rotation of the earth during signal
propagation), both understood by those skilled in the art.

[0059] Based on the forgoing value calculations, the best estimate of the

pseudo-range measurement at the terminal unit 2 is:
Puser = Prrs T O o + 6geametry Pprs T+ I’T" El - ’b—“ El - IF "b—l —Cy
The term that Yan'es based on the user location is:
f(7) =|F—§Hf—1§| .

[0060] The search window, then, is defined by the extreme values of this

function for terminal unit 2 anywhere within the uncertainty area. Finding the search



terrestrial based trilateration systens. [0057] Each one of these cases

w ll be analyzed in nore detail. Al the analysis will be done in units of
neters; wWObyI®mescuned that if necessary it is possible toPCTORMERDI4 0 GPS
or CDVA chips. Also, the notation for GPS code-phase will be of taking the
direction fromearly to late (larger code-phase will correspond to | arger

di stance). First Scenario - Mappi ng Bet@&en User Position and GPS

Pseudo- Range [0058] Reference is directed to Figure 5 which is a diagram
of the spatial relationship between the base station 8, the wreless

term nal uni¥indovasentehandpize ik theggberesn tupdimensional fmetopetinge e t?%n@DIVA
signal at t 2 3 0]

defined as Gﬁg%é@@gﬁ)egfgaégﬁﬁguoﬁ%@ers aﬁo{ﬁl v%{gle%g t he spw rp? feag’cﬁ}% y the
delay expremaRdams of viRes B’d@e@ou&ieuerrmﬁ i® tealiciatly bhthe bgée Aatival i br ation
process in the base station 8 GPS receiver and |s stored at the position
determ nation equi pnent for each base-station in the network. The user,
base-station and satellite three-di nmensional positions are respectively
defined as T, b and Y. Since the base station 8 GPS receiver is typically
in tracki ng FRgSceritb 1 BaeStatioh A CERYeF of Unkért@inty AbedPS tinme, it is
reasonabl e fo assune that the wireless termnal unit's 2 GPS receiver clock
is delayed fromactual GPS tinme by the propagation delay fron1the

base-statio o the ernna e. the
satellite pz%@&i r ang&HIFES flll’i%(’teci‘é’i%‘g% &}B‘gklsealnr Psuf lpn iﬁﬁ’cﬁ? allal_

bl - Cf . eliforteaiel theeate Rhérs e Wise kAB0A SHELIAL coMBl bf tge Ee@ﬂnﬁ{a'l Vlﬁlt QO the
base-station 8 causes the foll ow ng pseudo-range offset:

addi tion, t heaton yneartapfty gesa. fleed tthoy plams bmh@ia@ntparailet tmtheg:ggbrtmgeyuai | F -
sl - 1Ib base stati on e At and

A are respBUPFPEE e e FrviDE PReuandpsaien; &tfea sEg itis Griced
satel lite ephedR tbsninfl RAMPHARRYinB il a circular disk 60 of radius R on the plane

P, centered at the base-station 8 location. The problem can be resolved analytically if

it is assumed that the uncertainty area is limited to a radius R of at most 20km, which
is reasonable given to the typical CDMA ‘cell’ service area. It is further assumed that
that the terminal unit 2 is on the same earth tangential plane P as the base-station 8.
Note that this will introduce a small amount of error since typically the base-station §
location is placed at a higher elevation that the terminal unit 2. Because of this
assumption, the approximation of the geometrical offset relative to the base-station 8

causes the following pseudo-range difference at the terminal unit:

8 seomenry = |7 = 5] —-ll? - E\ =(F-b )-T;. The last term of this equation is the unit vector
running from the satellite 18 to the base-station 8: I, = ‘Z_ — il .

-5
[0062] The term that varies in the estimate of the pseudo-range measurement

as a function of the terminal unit 8 location is therefore: f(7) = (F -b ) TS - IF -b | .

[0063] The distance between the terminal unit 8 location and the base station 8

is defined as d, and ¢ is defined as the angle between the unit vector TS and the

vector going from the base-station 8 antenna to the terminal unit 2 location.



earth rotation correction (accounts for the rotation of the earth during
signal propagation), both understood by those skilled in the art. [0059]
Based onw@e2segoi ng val ue cal cul ations, the best estinapPeT/okotrirel4

pseudo-range nmeasurenent at the termnal unit 2 is: Puser = [|" BTS +
15cl ock + geonetry = PBTS + IF Cf The termthat varies based on the user
| ocation is: f(r)=IT -sl - Ir - bl. [00@@] The search wi ndow, then, is

defi ned by the extrene values of this function for termnal unit 2
anywhere w he upcertainty area. Findi t he search, WD. 02/ 31526

PCT/ US01/ 32 ﬁlc ﬂH‘B@v ceiPer BHAMEIIS | gl%f’ﬁer etlls"Sr e WUORGE mEHEFSnal
function, smneg&pe termnal unit elevati on) maxi m zation/ mnimzation
problemis know(}?vm t htn) a r@smm Y issthel datelland® aévatiah uelstiateplann Pt he
terrain in tH&S é"rﬂsgﬁ’/%cfos e base station. First Scenario - Base Station

t Cent f U I 061 Ref { to Fi 6,
i ch 1 < an°P1 | ubbVR: e %ﬂﬁéegspa% ST rote” 570 1 e BAKEE (e
b |
Uﬁigrf;?m;naé t(éégﬁfe)cel%ﬁre P b tenlag Toﬁgg]eq%ar {1}/1% téJ)?ﬁgsthearththat:

tangential kaqass 92@% _gﬁggmg.g ﬁi%re‘éhﬂﬁtegﬁgucﬁtlgh%négceab?g@itn't Bdide! N

this scenario termnal “unit Nty region
is a circul gie di skyfRrtaihty adi ug IBnon tRanpl anee P, ggntergf at tik@rval:
base-station 8 |ocation. The pr obI em can be resolved analytically if it is
assuned thatp&;wewndér(tm(ﬁ}*yl)ér,@@ Epdinrted to a radius R of at npbst 20km

which 1is reasonable given to the typical CDVA "cell' service area. It is
further ass(ffisd]t hat Thheefort e seerchiwindownértterZandsizenwiillve: sane earth
tangential plane P as the base-station 8. Note that this will introduce a

smal | amount of error since typically the base station 8 location is
pl aced at a higher elevation that the terni Et;_t): tQZ Because of this
assunption, the approximatiompgf, #I;Egrsgeojme set relative to the

base-station 8
pSize =R'(COS(19)+1)

First Scenario - General Case

[0065] Reference is directed to Figure 7, which is a spatial view of the general
case where the uncertainty region is not centered about the base station 8. Let P 66 be
a plane parallel to the Earth tangential plane at the base-station 8 antenna location but
not necessarily passing through it (typically, it will be below the base station antenna).
Also, assume that the satellite 18 is above plane P 66 and that the base station 8
antenna is also above plane P 66. The terminal unit 2 is located within plane P 66 and
it is assumed that the terminal unit uncertainty region A, 68 or 70, is a smooth
contiguous area on plane P 60. Since EIA IS-801 defines the uncertainty region as an
ellipse, in order to make the aforesaid coplanar terminal unit location assumption, A
must be restricted to a circle of radius R of at most 50km. This is consistent with the
aforementioned 20 km assumption about CDMA ‘cell’ service area dimensions.

[0066] The desired result is, again, to find the minimum and maximum values

of the function f(¥) =|F—§]—}F—5] for any terminal unit 2 user location within



causes the follow ng pseudo-range difference at the termnal unit:
Sgeonetry = IF - YJ - Ib - s'I| =(r - b). Is . The last termof this

equat i on w@ oy/bis2anit vector running fromthe satellite 1BCT/@Sel32014
base-station 8: is = b - s Ib-sl [0062] The termthat varies in the
estinmate of the pseudo-range neasurenent as a function of the term nal

unit 8 location is therefore: f (r) = (9 b) Is -1 r - b1l . [0063] The
di stance between the termnal unit 8 Iocation and the base station 8 is
defined as d, and co is defined as the angle between the unit vector is and

the vector "SERTHEY Fegion AcbtharsE skt &f gOsfipma ) 66 bp e Mekrveckan oLt 2
oot o B8 SRR LS BE Ron B M BB POOREELE

i's the sat eliilithe pRnePa6atTvanpdsellaks me then qonsidere®: 60. Using these
par anet er s, the equation of f (r) can be rewitten as: f (d, () =d
(cos(o0) -1) Casaqpherei¢ &4 trivial to showthat: - R (cos(g) + 1) < f (d,

V)< 0. Henc e est d t ol nt .i.nsi de .the.

uncert ai nty 0T on”ai 11 TS R FHERHIERRR Suft - RpHo O b Riinging biRirpyeg)
1):5 puser GafdBdén theCEodnaQ@Adf tHd erek@n ngy hie Asear shlcwlnﬁqwomrthﬁrth@m&em ze
will be: - R (cos(h) + 1) PCenter BTS - Psize = R (cos(t9) + 1)
Fi rst Scenaopdhe bagadamyathedpyadqrpo6a] 7QQéfS@mEI¢ééhq t;al@ﬁ olctbe denction B gueash7,
which is a spatial view of the general . case where the uncertainty region
is not cent &@HoRboat friheNHabe: $F AbG Binigun agd magignyze values that f can take

among all the sample locations chosen. The search window center and size are then

given by:
f min + f max
Penter = Pprs —Cy +‘—_2-—
IOSize = fmax —fmin
Case where Ce A:
[0068] . In this case, the function takes its maximum value at the base-station 8

location and its minimum value somewhere on the uncertainty area A 68 periphery.

Therefore f,,, = f(c¢). Since it is known that f,, is on the boundary of A 68, the
boundary is sampled and the value of the function f is computed at each location
selected. Again, let f, be the minimum value that f takes among all the sample

locations chosen. The search window center and size are then given by:

fmin +fmax

pCenter =pBTS _—cf + 2

IOSize :fmax_fmin

[0069] The number of sample points taken on the surface A will depend on
how smooth the uncertainty area is. The smoother the area the fewer the points
needed. In the case of an ellipse 20 sample points are enough. Obviously the size

selected corresponds to the minimum acceptable guaranty that the terminal unit is



a plane parallel to the Earth tangential plane at the base-station 8
antenna | ocation but not necessarily passing through it (typically, it
will be ebostshe base station antenna). Al so, assune the€TAUR&/Ratdel lite
18 is above plane P 66 and that the base station 8 antenna is al so above
plane P 66. The termnal unit 2 is located wthin plane P 66 and it is
assuned that the termnal unit uncertai region A, 68 or 70, is a snooth
contiguous area on pI ane P 60. Since EIA | S-801 defines the uncertainty
region as an .elli n_order .to ke.the.aforesaid co r term nal
unit |ocati &' n§st§u %W‘ U SRy WHgP OPelt i 1?%38 1o es%lcf"%l L BUE R of

at nost SOK@GSIﬂlsgrﬂeqnﬁgﬁsdaﬁtb@@de@ th the aforenentioned 20 km assunption

about CDVA “cell' service area dinmensions. [0066] The desired result is,
again, to find the m ni mumand maxi rum values of the function f (r) =1T -
W -Ir" - bl for any termnal unit 2 user location within W 02/ 31526

PCT/ US01/ 32014 19 uncertainty region A 68 or 70. Let C (of coordinates c)
69 be the | RleéESidnafioof the line 67 passing through the base station 8
antenna | ocatton and the satellite 18 location wth the plane P 66. Two
postul ates are then considered: Case where C 0O A: [0067] In this case, the

function wl ke bohltsm j mum a max] mym_ val ues on the boundary of
t he Uncertal[mip?ar ea %ﬁn‘ﬁlﬁ (?t‘%ﬂ Yogﬁﬁmﬁm%“taﬁ@?m’érvéew 8§| ﬁ%con%
boundary, t@sereﬁenciartms seénaﬁo7ﬁxffesls%%9.lhe&cm% é’s’f’i'xr}éﬁoﬁ’ fttllibetehﬂfh% L@Pof at
each | ocation. t fn; and e mni mum and nmaxi mrum val ues that f
can take artmy raﬂetent:éle Tha mahﬂ)lé ot & defiedcl abe bstinldie of €& ebeivemigiawbegnt er

and size are then given by: - C+f mn+ f.. PCenter =t"/~BTSf 2
PSi ze - f maebtaiged prI@é%?enW@ﬂ% B;aqx_:d An: thls estlmate of the terminal unit 2 clock bias,

the offset in code phase due to the terminal unit 2 clock error will be: 6, . =-7. The

clock
terminal unit 2, base-station & and satellite 18 three-dimensional positions are

respectively given by 7, b and 5. The geometrical offset relative to base station 8

causes the following code-phase offset: &

geometry

= lF— E) —IE-—-E} . Based on these two

values, the best estimate of the pseudo-range measurement at the terminal unit 2

location is:
p user /O BTS + Jclock + 5geametzy P BTS + lF - El - 'b — E' - 7?

[0071] The term that varies based on the terminal unit 2 location is:

f@ =|F——§|. The search window is then defined by the extreme values of this

function for terminal unit 2 positions anywhere within the uncertainty area 72.
- Finding the search window center and size is therefore a two-dimensional function

(since the terminal unit 2 elevation is known within a very small, and statistically

insignificant range) maximization/minimization problem.

[0072] In this scenario the function f(7) =]F-—§] is obviously less complex

than in the first scenario. Because the satellite 18 distance is so great, the following



[0068] . In this case, the function takes its maxi num val ue at the
base-station 8 |ocation and its m ni num val ue sonewhere on the uncertainty
area A o3vpersphery. Therefore f.x = f (U). Since it is RoDWROWIOL4 f jn is
on the boundary of A 68, the boundary is sanpled and the value of the
function f is conmputed at each location selected. Again, let fn;, be the
m ni mum val ue that f takes anong all th@lsarrpl e locations chosen. The
search wi ndow center and size are then given by: fmn + f.. PCenter - PBTS
- C +2 PSize =fmx - fmn [0069] The nunber of sanple ints taken on

t he surface i : h atdn-t(Ae synce i _abed i

snoot her thgﬁz]i ggla?%gg? g%é)gﬁlﬁ'e?%?ﬂ?s jpﬁgadg?;.q?i ﬁm'?éﬁgrlgas'ﬁ _an‘J lgthheghﬁi pse
20 sanpl e points are enough. Cbviously the size selected corresponds to
the m ni numyageeRhaRkbSrdH MARtNIikNRlo titendse iatiBRk. tRblefds, t\ﬂ@p@&fd@%gﬁg@

PCT/ US01/ 32014 20 going to be wthin the search window in a virtual

noi sel ess cagervalsenpmgicien ok thepmesdaittyswer72rantgi the oait vbetonddiad froedend

Scenario [0070]. Reference is direcfed to Fjgure 8, ich is spatial view
o T he enoduhics Th i 6 bara St chorrrio o ke fih timplh. S apbere
estimation ; )-nal I rief i [
defined as ﬁfeﬁ%‘séﬁ&n{&?%‘@ %fn? ﬂIgh?lggreﬁv%r%ltsi%e&%llﬁggdeplg;b@g?rﬁgﬂ t? ?%%E%ﬂféa

net wor k. Basangeutial tphins a¢ gtel st statidbn Bhaadtveitntenadr dnattth€ painbwith ltbargljinatdshe

of fset in caode phase duge to the _term.nal, unit 2 clock error will be: 8clock
= -f . The "Merm nihe unﬁeuPCté?n baé&sst ati opPuBdethg Wat dhe i tiollewing  values:

t hree- di nensional positiaons_ar respectively given by E, b and Y. The
geonst ri cal BrTYat-FetE) Puarl s bastr & o8l $Th% SauespondiperSrEB g
code- phase offset: 8geonietry = 1T - sl -1b - s' . Based on these two

val ues, the HEt*WSIZ°#¥'e of the pseudo-range neasurenent at the terninal
unit 2

IOCenter = pBTS +'ﬁ"5l—'lb_-—§|——f’
P = 2R - cos(®9)

Third Scenario

[0073] Reference is directed to Figure 9, which is a spatial view of the third
scenario. In this scenario, the base station 8 has a more accurate estimation of both
time (as in scenario II) and terminal unit 2 location. Define p=[% $ 2] 78 and ¢
respectively the estimate of the user position in the ECEF frame (Earth Centered,
Earth Fixed) and the estimate of the receiver time bias both obtained beforehand
(most likely from network measurements). In addition to these estimates, it is
possible based on information obtained beforehand concerning measurement statistics
to obtain an estimated covariance matrix. One of the rows (and the same column) in
the matrix corresponds to the time bias estimate. The matrix will be expressed in a
specific frame but it is trivial to rotate it so as to bring the x axis to be parallel to the
unit vector going from the base station 8 to the satellite 18. After this is done, the

variance v, of the positioning error along the LOS direction to the satellite G is



| ocation is: Puser = PBTS + clock + 15geonetry = PETS + 1 r - S| - Ib - S
t - Z[0071] The termthat varies based on the termnal unit 2 location is:
f (r) = M092/31526 The search wi ndow i s then defined by thePerRUS@ROMal ues of
this function for terminal unit 2 positions anywhere within the
uncertainty area 72. Finding the search w ndow center and size is
therefore a two-di nensional function (s%znce the termnal unit 2 elevation
is knowmn within a very small, and statistically insignificant range)

o 22O SR PSR LOSIPhD SA SRR R e gnstion
B th telli 18 .di i , oL f o)l ow WO 02/ 31526
secaes | b SR A LIRS BT S g0 1 0% pis2e

is . Were —-S IS I rh.. ,1, ve ruUnNni N r.0 he .satellite 18
to the base*@?@t]i on 8. h{éé?ﬁé‘#ng} él?ntt ’eb?)ss?egtétg&f agnaré b r?plet?\r/qaqt pf)ss}a%ns ate

proj ection QéspE&?veW‘%i%Eﬁ Byt Vp iy 7 BARBE Bn k&e ld?{iﬁiti\éﬁé: by aﬁ%ﬁigﬁoﬁtsg E{e@ the

satellite 18 to the base Station 8. In order to lustrate t t he
si npl e case ofifser ;m codre phaseeduaitntte acmivey Zlock bias cmdathe ofositadi offsdR, argvi t hi n
a plane parallel to the Earth 4 tangential plane at the base station 8 and
With center G a—thE sl At tHPcobr b nate . Based otese tweviloes the®Rt | s
bounded by the following values: Im- Y J - R cos(V) <f (-T)< IN- Y J
+ R cos( 07pstimithof derpsesforad g gpeswiaerodnt vl thd osvminad nhe 2 lacdiogsiize ar e:

PC,,,,, PBTS+ 1 i - SlI-1Ib- - S1I- Z /"Size = 2R . cos(?g) Third

Scenari o

geometry

Puser = Prrs +§clack +4 = Psrs —f—T+lﬁ—§|—lE—§|+G

The term that varies with specific statistics is: f(G,T)=G-T .
[0075] The function f(G,T)=G—T is handled as a random variable with

mean 0 and variance:

ElfG.D=Elc -1} |=ElG*]-2-El6 - TI+ Elr*]=v, —2- K, +v,.

[0076] The corresponding standard deviation is: O'=\/VG —2-Kgp +vp .

Based on a trade-off between probability of miss and size of the search window the
factor & is selected as the number of standard deviations that should be included in

the search window. The final search window center and size are:

pCenter zpBTS +,p_5,~|b _—EI_T

Psize =2'“'\/"G —2-Kgr +vy

[0077] Thus, the present invention has been described herein with reference to
a particular embodiment for a particular application. Those having ordinary skill in

the art and access to the present teachings will recognize additional modifications,



[0073] Reference is directed to Figure 9, which is a spatial view of the
third scenario. In this scenario, the base station 8 has a nore accurate
estimati owooet3B5a¢h tinme (as in scenario I1) and term nal PORMUSOIZ32DBICAt | ON.
Define p =[x X z] 78 and z respectively the estimate of the user position
in the ECEF frame (Earth Centered, Earth Fixed) and the estimate of the
recei ver tine bias both obtained beforeRand (m)st i kely from network
measurenents). In addition to these esti nates, is possibl e based on

i nformati on obt ai.ned f orehand concer ure statl 0
obt ai - an_ o2BPIGHET aBs erIRAREE O CtonScE PHEOE oor (atpblehiale,frd
colum) in p‘ié%@ntr‘iﬁtvéﬂt?bnqgrdém%‘@@rehpwitﬁefeéﬁeeﬁtobdiﬁmSthbé@él@lled-rllﬂe{hg%{ftr' X

will be expressed in a specif frame is trivial to rotate it so as
to bring thevil aamesmteothbteotpartathr@llogm mhnebe umdt Inedditiongidic sgtellitomaytbe base
station 8 to t esatell te ter this js .done, the . varjance vec of the
posi ti oni ng P&y 'h%ﬁ% ‘ffh‘é‘o l%ﬁsl’Aiaﬁf?%‘?:gt‘?H?FPt‘c“& ip QW OZhib Py 'i“ugg a&‘t Vithet 31526

PCT/ US01/ 32Qd 4t fgﬁq}q@ B oI drb Rt defht the covariance matrix
provi des the éarnlg%r{ce VTS% Oﬁ I{rms bi&asﬁgesstl mate error T and the cross

correl ati on[03B] bet wednisTthemetbr&inteidEddhy THeeafpendadnelhimsniot ci¥er bag endtalt i on 8
and satellite 18 qole ons are respectlvely |ven_ by F, b and S-. Based on
t hese defi niSt§hARPUCAEORS iGagims apqy gmbgdinieafs withinothe $5RB% &F dike Presetithe
receiver clegk, hi@s and the position offset are: 8clock = -f -T and
8geonet,y =1 p- YJ - Ib- s + G. Based on these two val ues the best
estimate of the pseodinglgnge neasurenent at the termnal unit 2 |ocation
is: Puser = PBTS + clock + geonetry - NBTS f - T+ 117 - YJ - Ilb - Y J +
G The termthat varies with specific statisticsis: f (G T) = G-T.

[0075] The f§ps |on f%&?%Tlé%@@ handl ed as a random variable with
mean 0 and arl nce ) ‘I@‘ZJ =E[ Q] - 2E[ CT] +E[ T2] =vG - 2KGT +VT.

[ 0076] The correspondi ng standard deviation is: or = VG- 2 KGI + VT .



Based on a trade-off between probability of m ss and size of the search

w ndow the factor a is selected as the nunber of standard deviations that
shoul d bavonvbiseed in the search window The final searchCWUR@@B2OGENt er
and size are: )"Center =PBTS 4+l p -SI -Ib -SI -Z ASize =2. a. VG -2KGI +VT
[0077] Thus, the present invention has 2 en described herein with reference
to a particular enbodinent for a partictlar application. Those havi ng
ordinary skill in the art and access to the present teachings wll
recogni ze additional nodifications, Vﬁ%gi 526 PCT/USO1/32014 23
applications and enbodi nents within t cope thereof. For exanple, while
the present invention is described herein wwth respect to CDMA, those
skilled in the art wll appreciate that other technol ogies may be used. In
addi tion, the satlel A tystepnjorpeanspitsing g GPBeiscaiverotdslerphassh paaechpfangé &0 s

operating in_lo rhit, or. high altitude w thout departi %ron1th scope
of the p?esé‘ﬁ?gr\é\{ggc%%6' .ele[sf)ge'fg‘jmﬁltunf%soﬁeﬁgg%%‘rae Wt ec—?ﬁdlggg% » P99 S¥§ieBnded
clainms to cey@prighy: and all such applications, nodifications and

embodi ments within the scope of the present invention. Accordingly,
[0079] WHAT | S CeA¢deEDRr bB:raOt@g¢e160 6 GPSTimSEi¢sa®14 24 CLAIMS 1. A

Tt ear at od RS whr IEEEET SRR Corih o liora g SIS Shtr STEYS HEWBIR . sai d
system gOMpERh&Tio £bakelsBARNRbIAPBE AN 8 oh Othd SANAL @ oferloatkh 'Bid €P8r ence;
time reference and the estimated wireless signal propagation delay within said
8 coverage area, and
a transmitter coupled to said controller and opefable to transmit said calculated

10  GPS code search range.

2. The invention of Claim 1 wherein said GPS code-phase search range is

2 defined by a center value and a size value.

3. A system for transmitting a GPS receiver code-phase search range to a
2 integrated GPS/wireless terminal unit operating in a wireless network, comprising:
a GPS receiver operable to generate a GPS time reference;
4 means for obtaining a time offset for the GPS/wireless terminal unit relative to
said GPS time reference;
6 a controller operable to calculate a GPS code-phase search range with
reference to a base station geographic location, the wireless coverage area, and said
8  time reference; and
a transmitter coupled to said controller and operable to transmit said calculated

10 GPS code search range.

4. The invention of Claim 3 wherein said GPS code-phase search range is

2 defined by a center value and a size value.



a controller operable to calculate a GPS code-phase search range with 6
reference to a base station geographic |ocation, the wrel ess coverage
area, sawio@®P852¢i nme reference and the estinmated w rel essPET/gR@I32014
propagation delay within said 8 coverage area, and a transmtter coupled
to said controller and operable to transmt said calculated 10 GPS code
search range. 2. The invention of C aim2k wherein said GPS code- phase
search range is 2 defined by a center value and a size vaI ue 3 A system
for transmtting.a Srecelv ase search r rated
GPS/ wi rel ess ter i n H’rYF?an'p‘éfi gf 3” g’?ferglwar‘ Inéeggs ﬁ‘gt R‘ng@otr‘r‘ﬁ?l iﬁe

GPS r ecebVentigpar @b kurddo: 9&9&&1%% aﬁBI%phgmnrtﬁi@b&%en sdtd rﬁﬁwatf&lrand
obtaining a tine offset for the /W reless termnal unit relative to

sai d GPS ti e teophispkynitto egtablighosaid tink offsetper abl e to cal cul ate a GPS

code- phase search range wwth reference to a base station geographic

| ocation, the wireless coverage area, and said 8 tine reference; and a
transmtter couplgedat ra t

calculated 10 GlgS éoﬁ,g&?ieg?gﬁmrsgﬁgﬂgg 4@@’%%9?&@12%%'@3 na%)% éa?l %ngé‘mﬁer ein
sai d GPS2codeeghird &RYwirclesy angimal wnit Q)eammgnnd viyelass oetwtoek, coalprisingnd a si ze

val ue. WD 02/ 31526 / US01/ 32 4 25 5, G? i nven ion of Claim3 wherein
said nmeans for TSqE Ve QRS %ﬁggggrateza §|t1|n§eer§ FHECY ound-trip wirel ess
si gnal pHOPagat' %bah& f@o%%ﬂi’ﬁgﬁtﬁl?é &fé&?ﬁ? ¢ BPEANARd terhﬁﬁalégg%l%e fnit to
establish said tinme offset. 6. A systemfor transmttin recei ver

code- phase sadGis Mmagm”eztencea 2 integrated GPS/wireless termnal unit
operati ng ina Wrrgeeé\llnse fsor ogteatlr\lqgé iéloc%g(r;lp ;elfgrlencge for the GPS/wireless terminal unit;
a controller operable to calculate a GPS code-phase search range with
8 reference to said location reference, and said time reference; and
a transmitter coupled to said controller and operable to transmit said calculated

10  GPS code search range.

7. The invention of Claim 6 wherein said GPS code-phase search range is

2 defined by a center value and a size value.

8. The invention of Claim 6 wherein said means for obtaining a location
2 reference utilizes means for providing terrestrial based trilateration to establish said

location reference.



a GPS receiver operable to generate a GPS tine reference; 4 nmeans for
obtaining a tine offset for the GPS/wreless termnal unit relative to

sai d GPSWOnm3rsed erence; 6 neans for obtaining a | ocati onP€EUSIERNEH for the
GPS/wireless termnal unit; a controller operable to calculate a GPS

code- phase search range wwth 8 reference to said |ocation reference, and
said time reference; and a transmtter ogupled to said controller and
operable to transmt said calculated 10 GPS code search range. 7. The

i nvention of Caim whereip sai.d GPS e- phase search range is _2 defined
by & center val ud- aR TS, Br YRR & CHnG<Fie APSGROF SEAtar mseulibrd n

sai d neans fitoQRhaGPsMGrefst ?&ﬂﬁﬂa@'ﬁnit%p@f‘afﬁﬁg‘?ﬁ'%ew %lbés' I?G%O%Q%Pﬁl I Phase
providing terrestrial based trilateration to establish sai oCat I on

reference. VWatOR/@bRBiREHE MEKIGI32014 26 9. A nethod for defining a GPS
recei ver code-phase search_ ran for an 2 integrated GPS/w rel ess term nal
unit opefating i ﬁalgu@pp%pe@gsa ﬁg‘f‘W‘\B‘?‘aﬁe ReArsth grnge e dieretegenge tgthe basgptationng t he
steps of: 4 At ode- r r Y| to the
base st at i of Hane Ao e Wi PRe S AR Gty BROGIM R BB i ¢
referencé t atasioh&@RS tirfe sdfatha@plPBetestimated frdretsss sigphlysopageticrsdelayeddkin

W rel ess signal propagation delay within said coverage area and 8
transmitti nGlleLrdcas ¥t #1kd GPS code- phase search range. 10. The invention

of C ai ny9 wher ei S ¢ 50 1 I i 2 defined by a
center val ue and anitlﬁfz%l%aﬁjgea?&%.&]%ﬁﬁggﬁ%grsgﬁgﬁdn er:fg a GPS receiver
code- phase search range for an 2 integrated GPS/wireless termnal unit
operating in a w.reless network having a base.

10. The invention of Claim 9 wherein said GPS code-phase search range is

2  defined by a center value and a size value.

11. A method for defining a GPS receiver code-phase search range for an
2 integrated GPS/wireless terminal unit operating in a wireless network having a base
station, comprising the steps of:
4 obtaining a time reference for the GPS/wireless terminal unit establishing the
time offset relative to the base station GPS time;
6 calculating a GPS code-phase search range with reference to the base station
geographic location plus the wireless coverage area, and said time reference; and

8 transmitting said calculated GPS code-phase search range.

12. The invention of Claim 11 wherein said GPS code-phase search range is

2  defined by a center value and a size value.

13. The invention of Claim 11 wherein said obtaining step utilizes the round-
2 trip wireless signal propagation time between said base station and the terminal unit to

establish the time offset.



station, conprising the steps of: 4 obtaining a tinme reference for the
GPS/wireless termnal unit establishing the tinme offset relative to the
base statwon2zeB% tinme; 6 cal culating a GPS code- phase seaPChyUR@rel4wi t h
reference to the base station geographic |ocation plus the wreless
coverage area, and said tine reference; and 8 transmtting said cal cul ated
GPS code- phase search range. 12. The inwygntion of Caim1l wherein said GPS
code- phase search range is 2 defined by a center value and a size val ue.

13. Theinventio of ,Cl obt ai ni.n stepuHize t he
Found: 2 1 ip w ndredsmEng P HIFHE 3 GBS Te it B rth kR 4t on
and the ber mBated GRS/ vdreleds tdRlinas Minft petatifB 119%“@1@&1%3%\93&%53}% a base
PCT/ US01/ 32014~ 27 14. A nethod for defining a GPS receiver code-phase

sear ch rangstation, @mpnzmgrth@wm@d GPS/wireless termnal unit operating in a
wi rel ess network Vi.n bas ign, rising t steps, of ;. 4
obtaining a tine° %@?“gﬁglénef ’&??ef?maftef:%ﬁﬁg/wge é‘%ﬂ’l“??ilunl}r?ﬁtlab]é%’ﬂ%ﬂ’ies hi ng

the tine ofufn&eaffsrefe}e@étfvx%ofheﬁag@stm%ﬁﬁﬁiﬂeon GPS tinme; 6 obtaining a
| ocation reference for the GPS/wW reless ternmnal unit; calculating a GPS

code- phaée sear clmbtaangga\]mmonef@emcfer the Cﬁ%ﬁ/mrblessa:bnmnal whit; ef erence, and
said tinme reference; ndﬁt&ggsm tt sai cal cul GPS code- phase search

range by the bas&SHaER% 5-0dgp a 'E?Hg‘c’)fwl Feage Wnéﬁ’léllﬁc%léfpd GPS

code- phage s$&@fehbe, raﬁ@gﬁdhﬁlergfe%gé ngd by a center vaI ue and a size val ue.
16. The invention of Caim 14 wherein said obtaining a | ocation reference

2 step utilizes tmnsmigting aid dxdedaed GPSabde-phasonedreicinnpe by thetbaseshiadl. i sh
said |location reference.
15. The invention of Claim 14 wherein said GPS code-phase search range is

2  defined by a center value and a size value.

16. The invention of Claim 14 wherein said obtaining a location reference
2 step utilizes terrestrial based trilateration techniques to establish said location

reference.



