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that has w1reless communication capability) to be provided to a Public Safety

Answering Point (PSAP) each time a 911 call is made from the terminal. The FCC
mandate requires the location of the terminal, for handset-based technologies such as
Assisted-GPS (A-GPS), to be accurate to within 50 meters for 67% of calls and within
150 meters for 95% of calls. In addition to the FCC mandate, service providers may use
location services (i.e., services that identify the position of wireless terminals) in various
applications to provide value-added features that may generate additional revenue.

[1003] Various systems may be used to determine the position of a wireless
terminal. One such system is the well-known Global Positioning System (GPS), which
is a “constellation” of 24 well-spaced satellites that orbit the earth. Each GPS satellite
transmits a signal encoded with information that allows receivers to measure the time of

arrival of the received signal relative to an arbitrary point in time. This relative time-of-
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large distances between the satellites and the receivers. Moreover, most conventional
GPS receivers have great difficulty receiving GPS signals inside buildings, under dense -
foliage, in urban settings in which tall buildings block much of the sky, and so on. A
position estimate derived from the hybrid system is less accurate, and one derived based
on signals from the wireless communication system is even less accurate. This is
because pseudo-ranges computed based on signals from the base stations are prone to

exhibit larger errors than those computed from GPS signals due to timing and hardware
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[1009] There is therefore a need in the art for a method and apparatus to provide a

more accurate position estimate for the terminal using measurements that are available.

SUMMARY
[1010] A method and apparatus is described herein to utilize a position location
measurements to improve the accuracy of an initial position estimate for a wireless

terminal. These measurements may be either partial set of measurements or a
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whose measurements are in the partial set. Each pseudo-range residual is the difference

between (1) a “measured” pseudo-range from the terminal’s position to the transmitter
(derived based on the measurement) and (2) a “computed” pseudo-range from the initial
position estimate to the transmitter. An observation matrix is also formed for the partial
set of measurements. A matrix of weights to use in the combining of the initial position
estimate and the partial set of measurements may also be determined. A correction

vector is then derived based on the measurement vector, the observation matrix, and the
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[1021] FIG. 7 is a block diagram of an embodiment of a receiver unit, which may be

a component of the wireless terminal.

DETAILED DESCRIPTION
[1022] FIG. 1 is diagram illustrating a system 100 comprised of a number of
position determination systems. One such position determination system is a satellite
positioning system (SPS), which may be the well-known Global Pasitioning System
(GPS). Another such position determination system is a cellular communication
system, which may be a Code Division Multiple Access (CDMA) communication
system, a Global System for Mobile (GSM) communication system, or some other

wireless system. In general, system 100 may include any number of position
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[1025] The position of a wireless terminal may be determined based on signals from
one or multiple position determination systems. For example, if system 100 includes
the SPS and cellular communication system, then the position of the terminal may be
estimated based on signals from (1) the SPS alone, (2) the cellular communication
system alone, or (3) both the SPS and cellular communication system. Techniques for
determining the position of the terminal based solely on measurements for base stations

in the cellular communication system are known as Advanced Forward Link
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SHth ancer@@] alefrof CRRTMEY CALI Ay SUSS B avl-«raﬁ‘églgi @H b

det er m ni n%ét he position of the term nal Dbase Softgllnyoperating
S VieHBEe Nk Ay gern d PO irendedes thxt SRfand detlutdn eomelunitadion system, then

[.catl ystemare known as Advanced Forward '
IS 60 A SEDHEY e Froro pisteramey be brictyiuammaied 6ip opical
(désdehdipg otdel bhiccliao®) AfshOwhiiyThblé Y= TOA) or Uplink Tinme
Difference of Arrival (U TDOA), Enhanced Cbserved
Time Difference (E-OTD), and OQbserved Tine D fference
of Arrival (OTDOA). [1026] i&abl lposition determination
S nprovide position estimates (or fixes) wth
d MeasuaementelvSolutibnalccur acy and may_al so be avail abl e

flor cEygeai n jop@ypei ng  envi r onnment s Des¢riptian em 100

It udes—theg—SPS—and—cetH-utar—eoruni-cati-on—system

tlhen _the adcyrafy;. antPlaic based salely oh GPSt Hlighess ysuiemy. May
may bePYri ef|l 'y, sugndriot b aydilableyfpr catain epsoanghide.g., deep
ar der of accuracyﬁénmm in Table 1. Table 1

Measur enment |[Sol ution SCITprion —TypeTypeHandset
s;&?%i n]aﬁxﬁse ol el J@V‘%@@“Oﬂiﬂ?@ﬁ‘éﬁ% embigason gfPs and
IS Gh AR e ThOTsy d oe e aramupiation sysiems Tnameiae
e.q.. deep | i ndoor §)accyey i inpsevedtindoor basibbilon. a

¢onbi nati on |of SPS & + A-FLT brid. certrurar
¢omuni cat i g nwﬁggr%% ltitﬁg %ra%%cgog%%og%}beclﬁfﬂh €a communication
| mpr 8488 i ndooy_ ayaill IBE ¢ypeuracy dependent ont system's

ase maximum range characteristics. Very good indoor
availability.

Solution based solely on the cellular communication
A-FLT Network- | system. Reduced accuracy. Commonly available in
based [ urban area and may be available where GPS is not
available (e.g., deep indoors).

Solution based solely on the cellular communication
system. Low accuracy. Generally depends on the cell
Enhanced Cell- sector size and the accuracy of round trip delay or

Cell-ID based | similar measurement. May include other cellular
measurements such as observations of more than one
transmitter, and signal strength.

Solution based solely on the cellular communication
Cell-ID Cell- system. Lowest accuracy. Provides only the identity
based of the cell where the terminal is located. Therefore,
accuracy is dependent on the size of the cell.

[1027] An “SPS-based” solution has the highest accuracy in Table 1. However, a

sufficient number of SPS satellites (typically four) may not be available in certain



Sol ution based solely on the | ocal -area comuni cation

LAPS WLAN- system Accuracy dependent on the systenis
whamed3qraxi mum range characteristics. Very goOOBCT/ISIO3/033124

avai lability. Solution based solely on the cellular

communi cation A-FLT Network- system Reduced

accuracy. Commonly avail able 8n based urban area and

may be avail able where GPS is not available (e.g.

SIReRingNEIROAentSQE 4t iifdoda) O todPued thisoliitien. C &l ihybalr ” solution
communi cation system Low accuracy. Cenerally _depends

s theheexs blghest RpHARI ceqUites sigpels {108} g ofrfRore r$é’S satellites plus a
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nmeasur enent. y er neasur e

fouehmag r@bSﬁrmtlhb’lanoﬂﬁemmn eptlating @neironmams.m At ‘@etwork-based”
and. si gnal stren gol tion %sed solely on t .
SR BHChe BmRES a@% pineq yaged on 1@ @Wenﬁsoﬁgs? sufficient

%gﬁl?gr%?%aséo §tﬂ Yond ?ﬁlrc%r‘(grymbltw OB trdJuired RARMEr 6f bR &tations is not

where the termnal is'|ocated. Therefore,

aadablacthensa teplarmedit cahllR e ehawedfcetlHP miuuon [iag 2l obtained
5 g & meRMETER toh 2 QB P oM ABG bood el Hiybilally the one
ghat Blihi dogfmurlicaBbf abithy theQbtmlin A Ynd & ofed @¥etddatel & the “reference”
certain WO 2004/ 036240 PCT/ US2003/033124 8 operating

Rasoi steierent &n (a@oter gxampd sthet enheopgshitcellth Solwgiont Mgy, include

~ SO X S C
1rn£(am}épgé dfsrorﬁ J’nIH dp?ep baposﬁéétllgfis NSt Eelgpgn:ﬂ %\ E{ﬁﬂ'ggg X(I)\ergge area
desciptidnscihe m)bsdwamﬁﬁ fioin hakepls trawsntiners aAdaignal ¢}hlmcterlst1cs such
reqU| red number of signals (typically four) may not
Pesighrhpirensthe sieppl 1IBHERNRS-Gffer at i ng envi ronnents. A

QQ]WDr ?’e@ﬁﬁ@%s for QfeH(q'n z&lﬂd 38lufiofr lafe H@%n@@d in detail in U.S.

tal ned bas on measu ts for a sufficient
HaxemeNoofS BeE 24t attltkeds“mthlﬂlee Positioning) Systémt Aeigmentation with

RS e R, % e Bt 9 ER  copore

RatiMlyQBfefde be obtained based on a nmeasurenment for a
sin Ie base station. This base station is typicall
£1629bne Canwentionglly,rpne ofrthenioduiions shewn in Tapde ld# piavaded whenever

a posdlg’n ggtltrr?art]e {sege%&éae f':(j)r tthe %rmt aF Tﬂee ;n%gtee{&&rate solution is derived if

the required number of measurements (i.e., a complete set of measurements) for the

solution is available. If fewer than the required number of measurements is available,
then a fall-back or safety-net solution such as a cell-ID or enhanced cell-ID solution
may be provided.

[1030] A method and apparatus is described herein to utilize a partial set of
measurements obtained from one or more position determination systems to improve
the accuracy of a coarse initial position estimate. The initial position estimate may be
provided, for example, by a cell-ID, enhanced cell-ID or LAPS solution. It will be
understood by those skilled in the art that several other ways are known for determining
an initial position estimate, such as by use of dead reckoning, an estimate directly input
by the user, etc.

[1031] The partial set may include SPS and/or cellular measurements. This partial

set is defined by the fact that it does not include a sufficient number of measurements



base station. In another exanple, the enhanced cell-I1D

solution may include information fromnultiple base
WGe@iisdg0 or cells such as the cell coverage aPE€ERUS2003/033124

descriptions, the observations fromnmultiple

transmtters and signal characteristics such as

signal strength, signal inter®erence, etc. [1028]

Techni ques for deriving a hybrid solution are

feaed tcb&ﬁllvie AnddepbhdenNpbditon esBﬁIa&ﬂfor e teAmiBAwitiZ 4 predetermined

entitled "Satellite Positionin sten1A ment ati on
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one of the solutions s

dppiicgtidh fos wrhidh\/théipdslmlmem&m degerpirgitioh ovill @8 ket Boriegample, the
needed for the term nal The npbst accurate solution is

quality efisarvice faqairee TinrRY diRgrploFmaionhout MBARAIRL of lréefest (e.g.
ﬁt&ﬁ?@%?ﬂﬁr ﬁ?&cpﬂ‘res '(EEW ?%[Hu?z)ntéc UorkBf a geirﬂ&'fugpt)’p% etc.) are

aval ewer e required nunb

malssunﬂﬁ&rﬁesrelaﬂvdydoiva(biaecuraﬂeheiﬁn aoﬂt&ist theptedetermined quality of

safety-net sqlufion su a cel D or anc

rife bgoBiaeif iahe R eBonER 6 tte) Traop TR B sy esting
ARRNAhaS Ushyrifit 86 ahirb\R dtfek YeParhRdWy tdiZttve®y PARM iddtark@s. Even

of nmeasurenments obtained fromone or nore position

highen gualiay inghts he treuired otoi previde einfarmatier: @beuicy pefticglar store or
%gtt%ﬁrrs,’?g{ {nn\l;vfncﬁl 88 % péﬁebq%é)g%cfap%t %orz zilerrelﬂ)I 1‘1'0% g?ﬁc{a% Bl?nhe user

&) R ath] ﬁﬁ Ht ‘HeBhiefesleARS dSthd)‘admg thd e bf thla&estaurant he is about
under st ood those skilled in the art that severa
OIS AR/ Breg @a‘klif’é\ﬁﬁvqf%‘rcoéﬁle%&femaﬁ&‘msdﬁ VieRy ¢lpsf proximity to one

Q‘R)‘?lllérl(f)g ot 10¢ eCt a;:ﬂfcﬁh%? k?%o%ﬁ t@thsqﬁgtqsﬂ Sﬁé‘r}?gg%e other, the

an estimate e user; etc
queditpaf teirdte wetldmayd fonts ILeHIGV59$1§T]d/ or cellul ar

ﬁﬁg? f er}%g'téci.’v'ehgggtqﬂa?b&gglﬁ%qsbfeﬁtwged b}/l‘lﬂ]&mlent to achieve
B edctdRiMedl JORIROGNP3E6240 i PEHVERZMIRY (B3R 2l p%sently disclosed

needed to derive "an | ndependent position estimate
mhéloﬁeam apphrapist Uses tlmse detaguminartd to opl@alvﬁ tayreafse@ @psmore estimate
nder st ood e art th

vt ppedir Ay <Nimine PGt Bedin el DR Febpohay be &

OAPSIssldiRA. IS eithed RO LIAPS Rakinums!lsidhal ABPE E @id @Rtahed from the
whi ch the position |ocation determ nation will be

L.éB& tramsmitgstaiepraaller then gnanitial positige rafios eestimgls; rthen the initial
té(?{e (@gstYllrr%Itéqglaﬂf BE %h{i’&&d ? ég?gﬁtd%w Qﬂe 8E§;S%%l&i?WBYPiCh may have
bmt dativad tfsom at mgds mePSarrmamtmmeﬂtarTms/ hAPSetneagur@nent may be a
range measurement, a signal characteristic, a simple indicator of signal reception, or it
may be based on the description of the LAPS coverage area.
[1033] In another method and apparatus, an initial position estimate is improved by
using a complete set of measurements. A complete set of measurements is a set of
measurements from which it is possible to derive a position location solution with a
sufficiently high quality of service, but which can nonetheless be improved by the

method and apparatus. The presently disclosed method and apparatus is essentially the

same whether a complete set or a partial set of measurements is used. Accordingly, for



nearby m ght be relatively |low (inaccurate). In
contrast, the predetermned quality of service would

woewd/os@4be rel atively high (accurate) for an PCT/US2003/033124

application such as navigating through a | abyrinth of
narrow streets separated by rfbatively smal |

di st ances. Even ~higher quality mght be required to
pro e |nfo [.on ahout rticular stor.

B g T oo B deserhed Iaghe context of the
%éﬁﬁp&ﬁofhﬁagﬁénaﬁpbm9atIOn the user of a terninm
m ght be interested in downl oadi ng the nenu of the
[ H3dhur afkG. rﬂelsmﬁkafodwgram of anermbodment ofta protess RAD fdrqxowdmg a

several conpet.i.n éants |n1ver¥ clqg ﬁrOXInl Yl ¢
BB EIE otﬂ‘i’é‘.‘“’? % ‘ma"h Rt HodretS t fRapg @ pariral set o
aledQirerentsli Jthe riﬁwesb S@AE of T HNbbtamimy ﬁiﬂnmﬁl%sn%ﬁ Qbstitn¥te for the
of service would need to be relatively high. [1032]

Hsmined (step B4 2k adihistindia pasitph §stifaals undhbndervadafromrane or more
g@ﬁg&g g&ama&& % {(}éﬁ}l q:gﬁé%'}%\o% %ﬁ@ﬁn‘? %f' g%%‘?loﬂ %?ztulln&}é o2 represent
dieﬁ aloss accuraet m::hcmndaaampmrl&t bBtahﬁ:dSushﬂi@&ﬁy position determination
surenenL%v%o derive a revised position estimte
P‘Hﬂe KB dF AL AR tBY &HURINROS AN §simatfogiay bgrprovided by a
BSl-RbRtiof R BKSREE can nmamuasn Br shBBHIRP hdﬂhi l
ei t her the LAPS naxi num si gnal range or t él st ance
{10381 t heA papiRS serr ahewisuranerits issatad lobtainddefnomrorienrtmare position

osi tion error e hen the ipitial. sitian
BEBtivatiort iy s Glsh el Thi S Sl ) insiB8 pightiont number
8P Inblab@BmeNR | toNddiBY avRiepbiRBRt PSLTNEdstihAR B She HrMinalwith a
LAPS neasurenent. This LAPS neasurenent may be a
peedgleTringd Guakieraf, seavies. g Haweyeraifatheagiensirgdcnumbesi crfpn@asurements
Q ase
PRE 0B e I TRberBETR Do Bl oY P4 BERRRfea for e

aanolingrandeiib pdsiaos eappas abukl, typiﬁallly’lhweailg}iw&tdulrﬂi? than the initial

estimate i s inproved by using a conplete set of

Residen SREMRRS. n& be pepiadrsst sy Beludsapgpsermspnds figmy oglyt the SPS,

aS t

RloaPEASHS SRR only LRTEMIE bombnctRACRIEh, B, HBflithhehs from

Yol the 9PSfané evirelese cotomunichiiarhsystem nofrethmlyesnbeeof other position
roved the method and apparatus. The presently

8‘?8’31“8% %ﬁfteﬁﬁd and apparatus is essentially the

BRY3B] WherHelinifalC QBBitiSA Ceshiffatclis &hBAT fdaledS ?\IlthOfthe artial set of

nmeasurenents i s used. Accordingly, for WO 2004/ g

PEBUWSROUS @ ’BRIva ra\0sashpasitish ehitiswts firghe tcrmenal (step 216) This

96\' %h E%PHE ci§|,t] glgteal%g Eﬁara?:ggr%cm%ﬁﬁg&gﬁ&ag pgﬁ 18)'3 Estimate. The

51116&4] ofFllrﬁ.farerm@t an fabewadli ROdepEh@nt BN RFdALIfARKE @éh @s (1) the
process 200 for providin nore accurate Eosi tion

a
aecuraeyt(@r firpccuragy)r ¢ @§§n31@% RPHIEPN g&limgea(Zpdhe ngmbetegnd type of

feasurements available for updating, geometry (i.e., the relative locations of the

transmitters from which signals are received to and so on. The updating is described
below.

[1037] To more clearly describe the method and apparatus, the derivation to
compute a position estimate for the terminal based on a complete set of measurements is

first described. In the following description, a geodetic coordinate system is used and a



measurenents. The process starts off by obtaining an
initial position estinmate for the termnal (step
WQ@1@W/036Bl s i nitial position estinmate may be deeT/Usm03/033124
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represent the nost accurate slolution that can be
obt ai ned usi ng any position determ nation technique
Y- dhﬁt@hgonﬁoqtr,-p)(@a@h@; cihee idefihédby PRkt Vadiks 6B IATRE®R (north),
may be provi ded by cell-1D sol ut| on, an enhanced
B)é'gltuqe[ﬁpé&ﬁ] and elﬁtlld@r(u@orre ot her solution. [1035] A
al t !
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measurements were avall able, then the in %enden
pbehtindndesghe tra¢ eange lplltd ananfBetbhdertoahicki amdobtlﬁewrmetahleement EeITorS.
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Aedorh s et S8 Hots Terd reimar i oninih St o ai of he
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h osition estinmate is then updated
{OJC?%Q{IRI g%’?’{Brg {) neasurenents to obtain a
revised position estl mate for the term nal (step 216).
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inprovenent in accuracy is dependent on various
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the initral p03|t|on esti mat e, he nunber and type
of measurmtmltpg&avm | abl e for updatl ng geomet ry

the relative | ocations of tter

fr om KA cﬁrogg ,g@gﬂﬁgr@pfeégg,t%goqr “3598 og eo‘nt tflaﬁémmer location;
updating is described below [1037] To nore clearly
describe t nmet hod and apparatus, the derivation to
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hhet dobLiowisRS: §§&{s' iy B obtAndELA8LIWVA if eQiAion gl ¥for four different
systemis used and 2004/ 036240 PCT/ US2003/033124
transphivtere-ich. rfeh51=d§ha2 3 34D) position can be defined by

three values for latjtude (north), Ionthude (east),
B040L, ¢ iThgadagigpypquations 'may  be linearized by employing incremental

relationships, as follows:

Long = Long,., +Ae , Eq (2)

Lat = Lat,, +An

init

Alt = Alt. . +Au

init

T=T,,+AT ,and

init

PR = PR, +APR, , for i={l, 2, 3, 4},

init i



[1038] For a termnal |ocated at a given 3-D

coordinate, its exact position can be determ ned
whamadiamo act ual (or "true") ranges to three PCT/US2003/033124

transmtters at known | ocations. However, the true

range to each transmtter norpally cannot be

det er m ned because of cl ock1 nd ot her neasurenent

errors. |nstead, "pseudo-range” can be deternined,

whére hLarpgc| idigs,, t Hé,,,,,t rand F,arage thsl ingiahnalyes §epr igticbesloestimate) of

cl ock and ot her neasurenent errors. A fourth
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| ocat ipgn may r@&n?sxB{ee%&@o%ngep%easur&héﬁt 'froh@tthe)lgltfbl position
(Long - "o gp + )2 +T , Eq (1) where

Lat, Long, esﬁﬂgateaﬂotthé 539{ t@fﬁﬁﬂl‘ittetrtﬂieb 3r Roplpaar pseald@hge);
coordi nates of the term nal act ual position; Lati ,

Longi PRameprédents uhemselmltangmmeewﬂmmeft@n thé tertandl’stpsition to
transnmtter |ocation; and T represents the tenporal
coor di nat ethe ths ransstitterfie. b AEicesussl Popusiosranes); prd

? rb;ﬁls g%ges:s%?lwqthe C}lﬁ%%ﬁéel 8%1/(36 tﬁegEOIfE(;?u r:Cd ?d{l@}ﬁ%a%%(ei pseudo_
basi c eq ua{a'llg%g(i\h’ﬁ?éﬁ 019 %ﬁ!o'r&gﬁéd R t{?é’ V@@E{%ﬁdg@% residual”).

|ncrerrenta I'ps,  as fol'l o\
%EQR? it I‘-?-+€}g@gsrén_%%t ga Llcit%-, Lorlgﬁié r&’% l@apéfnq??%sfept_ the terminal’s
3&@%%‘}‘8%’1‘ ate,lazmd v&ﬁae’r s W?af‘f\/&;l)‘i‘%gg %{%%eglﬁﬁ%?t’eminal’s actual 3-D

gésﬁudh {or @nd pblrrioriabst tebtgmate). t i’I:hIe ivadal @ssi(ian Estimate is the best
est esti rrat e) of Lat, Long, and T,
piaRne eyTvRatly availablenor the fermifgl. AT repr esent the

ct
R T T Pt it bR AR5, Rlehoioda for e pscude-
}arﬁ(ée Bgt%v%gl? tHeAnHal {)rgsatsgnr &lRe { LaMm tboengm,r,]! tdhdalAlP O5hLAd 2 known

init ? init
location of the i-th transmitter (Lat,, Long,, and Alt,).  This pseudo-range

measurement may be expressed as:

PR, = \[(Latinu - Lat,.)z +(Long,,, — Longi)2 + (Al - Alti)2 . Eq(3)

[1043] The pseudo-range measurement PR, is considered a “measured” value

because it is derived based on the signal received by the terminal from the i-th
transmitter. In particular, if the time the signal is transmitted from the i-th transmitter is
known (e.g., if the signal is time-stamped or timing information is encoded in the
signal), then the time it takes the signal to travel to the terminal can be determined by
observing the time the signal is received at the terminal (based on the terminal’s internal
clock). However, the amount of time between transmission and reception typically
cannot be determined exactly because of offsets between the clocks at the transmitter

and terminal and other measurement errors. Thus, a pseudo-range is derived based on



estimate to the i-th transmtter (i.e., a "conputed"
pseudo-range); PR, represents the pseudo-range

woreagosement fromthe termnal's position to PEEUS2005033124
transmtter (i.e., a "neasured" pseudo-range); and
APR; represents the differencaﬁbetmeen t he conmput ed
and neasured pseudo- ranges (WHich is also referred to
as the "pseudo-range residual™). [1041] In equation
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ini.tial positiogon estimate i s the best estinate
SaHY2m §f tpsseierngersm @rienab raceryad from ea SPSRatsllite is known in
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for the pseudo- range between the initial position
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and Alt;). This pseudo-range neasurenent may be

expr éd¥ed BE:-PR,n11.; = (Latin;, - Lat, )2 + (LonglEq(4)

- Long; )2 + (Altlnit - Alt; )2 . Egq (3) [1043] The
pseudo-range neasurenment PRl is considered a
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signal to travel t9 the t&minal can be determined by
observing the tine the signal is received at the

{19461 nalThebdswed linearized  equatibnsshswh NbeT dttlatio ! @FKhay be more
However, the ampunt of time between transm ssion and
?(EB'SB‘FP%CWIF)%S[ET‘EWI 3 maginfeEn. dolWEr ni ned exact |y

because of offsets between the clocks at the
transnittergaanq)te@nin?l and ot her neasurenent

errors. Thuss—a—ps oifange is derived based on WO
SRS 3/ 13 the difference

20044 ABR21A0
bet reﬁeréhce_lipe and|the tinme that the signal
is rece|Weg.adnanaﬁhthe'*égb le, a signal Ea (6
charaﬁﬂéristﬁp gychégs A |slighal strength or a q(6)
combli g i onf & osi amal A teristics can be used to
deri've d&-psleado-a ange ge urenment. The derivation of

a pseudo- r arg O 7 gnal received froman SPS
satellite igﬂinganq%ﬁ the art and not described in
detail herein. [1044] The pseudo-range residual APR;

for thAe i-th transmtter may be expressed as:

where ™ is the direction cosine of the angle between the pseudo-range to the i-th

transmitter and a vector in the x direction, where x can be east, north, or up. Equation
(6) may be used to determine or update the terminal’s position, provided that a complete
and independent set of pseudo-range measurements for four transmitters is available.

[1047] FIG. 3A is a diagram illustrating an example operating scenario where the
disclosed method and apparatus may be used to provide a more accurate position
estimate. In FIG. 3A, terminal 110 receives a signal from base station 120x and signals
from two SPS satellites 130x and 130y. These three signals may not be sufficient to

derive a 3-D hybrid position fix. A cell-ID solution may then be derived using basic



APR, = PR - PRnrr.r Eq (4) [1045] Substituting the
i ncremental expressions in equation set (2) into the

whamito3e2equat i on (1) and ignoring second- or der PET/ISL003/033124

ternms, the follow ng can be obtai ned: aPR aPR aPR

APR, = ae ' Ae + an' An + au ' Au + AT, for i = { 1,

2, 3, 4} . Eq (5) [1046] THet four linearized

equati ons shown by equation (5) may be nore

kigWieddeCstt Haye €046 30 whichais it oinuhRativn #sthfiéinligms10a If base
aalAPRae an au Ae 1 a a a APR2 = ae an au * An
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arBepcedmelisid) salvtian mpy H‘Gnéerﬁbyﬂlm wisl additipnad infprmatipn identifying

bR U ARy bl e o cae
m@%k‘lﬁ%ﬁ@hﬂﬂ&l@ﬂmnﬁns bﬁﬂt&blﬁdzgﬁb@fedhmo&t @Hsbﬁpeﬁi&@ea, which is
which is in communication with 6$ m nal . 110.

belet! ah SasenA il Flfdsdyn ddetgsiipn of s eaniaragay fltﬁn bg “estimated as
91% OQhp Y Cth@rs@é\of" RBY&Q&d 'i‘)'?t tﬁg BYs a(gofﬁ't rab$ op %Qmet&ﬁé} dCSI gnated

the position of term nal e estimated as th
kmmahlon of the base statlon or some ot her deS|gnated
ncr

e covera e, area. 48%
a3 cabliohe]) oot BovaRe Gt av b Ea by B SRREn of e
§§ﬁ’él irdRivERAMrdif thPBTS | the PR thfitdgla@f (R Vetvdden $8E tehfal and the
g., three sectors Each sector is then served by a

BTS the time advance (TA) of the received signal (for GSM), the round trip time
(RTT) between the terminal and BTS (for W-CDMA), and so on. If such additional
information is available, then the position estimate of the terminal may be adjusted
accordingly.

[1050] As illustrated above, the cell-ID or enhanced cell-ID technique can provide a
coarse position estimate for the terminal. This would then represent the 2-D a priori
best estimate (i.e., the initial position estimate) for the terminal. The initial position

estimate for the terminal may be given as (Lat,, and Long,,). A revised position

estimate having improved accuracy may then be obtained for the terminal using two
pseudo-range measurements for the two SPS satellites 130x and 130y.
[1051] The linearized equations for the terminal with two pseudo-range

measurements for two satellites may be expressed as:



correspondi ng base transceiver subsystem (BTS). For a
coverage area that has been sectorized (conmmonly
WO edogns@do t 0 as a sectorized cell), the base spat/Usmw03/033124
serving that coverage area would then include all
BTSs serving the sectors of the coverage area. An
enhanced cell-1D solution mayls hen be obtai ned with
additional information identifying the specific BTS
sector wthrphigh the termnal is in communication. In
suchl PR, se—tlae ettdimgy in the termnal's
posi %190151 C e e%;ed tjo, a| pi e-shaped area, which is
| abe] s s8ct & A% niRIG" BA The position of the Eq (7)
ternj md ¢ hém bl es{ijmatpd as the center of the
sectiop ~gover 8d By thisO oi nt 312) or some ot her
desi'gnated | pocagiop. | Addi tional information
may al so be avail abl e, Such as the strength of the
signal received fromthe BTS, the round trip del ay
vHIl) ARetswhealtithde fesidialnahichrepredeats tBE Jiffdrbrgoetben®een the current
advance (TA) of the receiyed signal éfor GSM, the
round tri pestimage of thytermist \?vé]é‘ﬁu‘g@r?é‘dtt ¢ Aqtead jaltipde; Brds
(f or . it . .
ot or bGPt arsse PR fuffenct beSeR BEGkurPABbrencs time egimate and
of the terthefauemyerbeceanpeust ed accordingly. [1050]
As illustrated above, the cell-ID or enhanced cell-1D
[1@skNi qUe eqaidi OV e ReudPRAREE redidial | PR, efol iea®t of tHer two SPS
the termnal. This would then represent the 2-D a
ptdiRfek mPEDE @tdritiRddebdded @n, tHeh€orhpited PseuidsiahgOPR,, .
estimate) for the termnal. The initial position '
pishduf@f psehi@s-ridpe PRI Farnaé sarelitd)es Gh¥eA ideq(ddin (4)., ThBGseudo-
Long;,;, ). Arevised position estimte having
taApE PR . asHUP&EYmPRYd b @ dietafky Bétveen tHer tefii@al s initial position
term nal” using two pseudo-range neasurenents for the
EstionaRPS eB&el | Lbes 13Rx Aand)13@yd [ RS1] . thhe satellite’s  location

i

linearized equations for the terninal with two
PERUADoAANGR ATERSAHeSSTRIRIEmAiAAL’ S WainRiR! &/l | | ARy MR)estiRated to be
expressed as: WO 2004/ 036240 PCT/US2003/ (33124 15 a
aqual fo thRlaltaedafor ahe séevidg’BT Saoraome btheAnaltEude. AGivae same additional
Aug () ACBO O 0O AT 00,01 where AHis th )
gnfmaiea@ apg; fga aﬁérewﬁ? e kb cantbs yshe 1 490Ul dhe difference
P& YEEIhd BEr&i eR¥nce time estimate and the “true” reference time. In one

example, the propagation‘time between the serving BTS and the terminal can be

and the

measured and used to provide the information about the reference time delay. The

pseudo-range PR, is derived based on the signal received from the i-th satellite and is a

measurement of the range from the i-th satellite to the terminal’s actual (“true”)
location.

[1053] Equation (7) may also be expressed in a more compact form as follows:
r=Hx , Eq (8)

where r is a vector with four elements for the pseudo-range residuals (i.e., the

“measurement” vector);



estimate of the termnal's altitude and the actual
altitude; and ACB represents the difference between

w0 be4osmuent reference tine estimate and the PaT/U$2003/033124
reference tinme. [1052] In equation (7), the
pseudo-range residual APR; for each of the two SPS
satellites may be deterni nedlibased on the conputed
pseudo-range PRln;, ; and the neasured pseudo-range
PR, f oris bRBcoAWah! folifele@ents If'&iWﬁe Lfer§fdeRioh ARd (e cot@tions (i.e.,
pseudo- range PR ,,, ; may be conputed as the distance
bet ween thﬁet‘(&i’rfﬁcﬁa:h” ®ecton);ahdl position estinmate
(Latin;, , Long;n;, , and Alt;nr,) and the i-th
satelﬂrlséhﬂs4P<éc hseeraUQILatlatﬂx Long:, and Alt,), where
the termnal's altitude, estlrratedto
48541 qudhe £9TEaHEN AR EIOE BfBaY Brﬁnbﬁsetgﬁw—ﬁa 'BTS or sone
other altitude. Gven sonme additional information
about the reference tine, ACB can be used to account
for ¥fidldffference between the current reference tife®
estimate and the "true" reference time. In one

| h
R R LA T
ddu ﬁtlémgﬁﬁﬂgtgda@ RyedAdto tHeGnfRBfi G fefatbd 'f@tf@ellnﬁ}ﬁl pb&iBon estimate

pseudo-ra R Ts derived based on the signal
(eax.cdbraved from thheell IDhorssm@I 4>thcreteelmiqr1@ aad the amr@mfnrmatlon
fro -th sat Iltetoth er m nal
%EttﬁeaSP%s[a éte3 nl} E er & mbfrheo ]twgqalgf:esoﬂ tnf?rn'haé yn the initial
pds&ﬁmréeuﬁxﬂ@raﬁa @@@db&aﬂgdfﬁéaeu@mmhai B¢ #9sped appropviate weights.
Hx , Eq (8) wherer is a vector with four
l'él)éﬂent & fovariahee peattizloVr, amieh e silspudnewrijasea meagerement noise

nmeasur enent” vector) 004/ 036240
TR 5 0%, dstesrated tb@V\O%e v@ewnom e iR eera@ﬁ%ﬁrt@ and

$19Y bl B&rék38d afP0si tion and tinme corrections (i.e., the
"corre t| on" vector); and His the 4 x 4 "observati on"
matri x. [1054] The correction vector x may then be

deterrn"rveld a)s' @ =OMr r . Eq (9) Equation (9)
provide d solution for the correction
vectygi= x. TK%Z equa ion gives equal weights to the Eq(10)

informdtPon GelBted o the initial position estimate
(e.g., |ogtaipedgf rpmithe cell-1D or sone other
~techni que) and the tangi ng i nformation

where V,, is the variance of the error for the pseudo-range measurement PR, for the
first satellite;
V,, is the variance of the error for the pseudo-range measurement PR, for the
second satellite;

V, is the variance of the error for the height measurement; and

V_, is the variance of the error associated with the reference time.

The elements V,, and V,, may be expressed as V,, = o o and Vy, = o2.,, where o,

pra2?
and 0, are the standard deviations of the errors for the pseudo-range measurements
PR, and PR,, respectively. A weight matrix W may be defined as an inverse of the

covariance matrix V (i.e., W=V™). The non-zero elements of W determine the



for the SPS satellites. To better conbine the two
pi eces of information, the initial position estimte

wan4pseudo- r ange neasurenents may be assi gnedPCT/US2003/033124

appropriate weights. [1055] A covariance matrix V,

which is al so known as a neasurenent noise matrix,

may be determined for the |ifddarized equations shown

in equation set (7) and may be expressed as: V' 000

Weighing/Bot the Psdado {rdfe méhsQreMientsind tRe thivtedmtiohatRted toitke initial

the variance of the error for the pseudo-range

pasitiur estianate iprhe desivatipe of thiereyisegnasitiontestimgiz) The elgmeents of W

va[ianc? oLiEEe Error far fhe P%Eudo-ran e meas renqng
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ResitEanesimae v itle the PO 2SS BEASUFRFESe of t he
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FRERL ne oo hertuss, PR, & e N5 oS el s
PCT/ US2003/ 033124 17 weighting for the pseudo-range
meas U pgrern g pnferopii,on related to the gq(11
initial’ pd?i(?lg%nst‘ggt ir'njét'e-p%dkt e’ derivation of theq( )
revised position estimate. The elenents of W are

WR¥E' Religint GLabestulid ridpe P ek i&ithiNAlpdsBioR ko Mﬁ@-th satellite;

squares or cross-products of the errdors in the

nmeas uCBnRpteSentd teerrod d8ETRY the Bdférehicd tahe;any quantity
(e.g., PR) neans a nore reliable observation and

cor r eSPorapsesents all emorpasseviatess pish therighwatelide;f or W Thi s
would then result in that quantity bei ng given higher

wei ghtr,irapreseatscurass diatg the SPHheighalipassang thpepghttheoposphere;
estimate with the pseudo-range neasurenents. [1056]

The pdetatesenipgaopmue totheddSisigngl passiag thropghiy igrosphere;
defined as: PR, =Ri +CB +SV, +Tr+li +ML+77; , Eq(11)

wher e MR, TapEeses the G0 asspstatesl withrife signghnpropaggtigmemdronment,

osition to t i-th satellite;
P whic ?nclu&es multipath; an

7, represents the error associated with receiver measurement noise (or thermal

noise).

The error estimate V, would then include all the errors in the pseudo-range

measurement for the i-th satellite. Equation (10) assumes that the pseudo-range
measurements are mutually independent. The derivation of the measurement noise

matrix V is known in the art and is not described in detail herein.

[1057] A weighted solution for the correction vector X may then be expressed as:
x=H WH'H Wr , Eq (12)

where H' represents the transpose of H.



CB represents the error due to the reference tine; SV,
represents all errors associated with the i-th

WG adoalobdee; Tr,, represents errors due to the BPSUS2003/033124
si gnal passing through the troposphere; |I; represents
errors due to the SPS signal passing through the
i onosphere; M represents thd8rror associated with
the signal propagation environnent, which includes
Mo58] PatHuaddif(9))or(ERY £2§MeSusbd o BbIaR tHRSDOCERIEdectbrt R. This
recei ver neasurenent noise (or thermal noise). The
wrcterwvedtiingibée Wyo nopubd fchan fomakugtel alkl. The revisedr 3D-position
i n the pseudo-range neasurenené for the i-th
sHMmefq for the termigeliaay hepbe sQBRHES 2% hat t he pseudo-range
measurenents are nutual ly i ndependent. The derivation
of th asu nt [ matrix Vis known in the
and igoﬂg?'agggg“gggpﬁﬁﬁgetaiI herein. [1057] A b (13)
wei gh SOF Lt i for the correction vector x may then
be ex%?g%ségﬂﬂéganx': (HT WH)-' HT W Eq (12) where
HT represents the transpose of H WD 2004/ 036240
PReT phéed03f @3hbafng 1fe [idiBbIBbodidsratck@Rate OYitlIthé 1ISPS @AY or other
be used to obtain the correction vector x. This
pestEsmapsuisdlesgrtied de femher slsiulaley tainistarence Ag FHE. A, through
j?e revised 2D position estimate for the term nal may
then be conputed as: Longl,, = Longinii + Ae , and Eq
[1039] L&AGeBdBs hatiagram iHustrating dhethqr owepE oferatorgxcenary where

he . initial itjon estimate with the SPS and/ or ..
‘&9? e °Sﬁ‘é (@?@}d[ Ppagatymay ﬁ’ﬁe‘&eg O PIMI5e? MPLE gpgurate position
éélﬁlé%g%{ b1 e r ensifall P10 ESivedAvd BipRME Brond! Basel %se%m 120x and

Bis a diagramillustrating another exanp
Bifr alhesg twoesigndlo arsheetesuffihientdiosdsirivs edneteotioblasadde.g., A-FLT)

appar.at.us used, t o _proyi,de mor e accurat e

SRBRPER Rendtly 57 ShndeR BBy Bf 080G, based on the
To¥Rioni &fNAE Sader PaNdAARCighhtad aO B thARmaP§cervihd Buse SIRESE similar to
two signals are not sufficient to derive a

that daserbagdabene for FHG, 3A. Hlt)initigbpositigmestimate fer ¢he termipal may be
or eghg&pe% ﬁ | -1 D solution my be derived based on
§he 2 o%ar i°0 Spihe base station designated as the

[‘1686&" nalS'ixﬁiléxe[oV iSpg Q@ﬁtesﬁt I%Ei[%@udos}aﬁigé ab afh base station may be

estimated based on the signal received from the base station. For a CDMA system, each
base station is assigned a pseudo-random noise (PN) sequence with a specific offset (or
starting time). This PN sequence is used to spectrally spread data prior to transmission
from the base station. Each base station also transmits a pilot, which is simply a
sequence of all ones (or all zeros) that is spread with the assigned PN sequence. The
signal transmitted by the base station is received at the terminal, and the arrival time of
the signal may be determined based on the phase of the PN sequence used for spreading.
Since the pilot is typically processed to obtain this PN phase information, this
measurement at the terminal is also known as a pilot phase measurement. The pilot
phase measurement is used to estimate the amount of time it takes the signal to travel
from the base station to the terminal. This travel time may be converted to a pseudo-

range similar to that performed for the SPS satellite. A pseudo-range measurement



t hat described above for FIG 3A. The initial position
estimate for the termnal may be given as Latinii and
wao ongosi2¢o [ 1060] Simlar to SPS satellites, tPEr/US2003/033124

pseudo-range to each base station may be estinated

based on the signal received fromthe base station.

For a CDMA system each baséd9station is assigned a
pseudo-random noi se (PN) sequence with a specific
REVEE@ FroPk terSdstidlisiGhal (efe) a pilbd phasSPl nsRGMEMERY) iSdétedi as PP to
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received at the termnal, and the arrival tine of the
signal may be determ ned based on the phase of the PN

seq uefblf_é_r gpneagdin Since the pilot is
i Bedi n

typi ra@ca}sed t this PN phase

i nf grAR#R, it on,d t hbs m;sAa nt at the termnal is also
kno RS a | L cg_pﬂa ? urenent. The pil ot phaseEq(14)
meagqur e ntos gse@lto iimate the anmount of time it

t akgs @ h |0qn 8traéT fromthe base station to
the termn TRi sVt davel tine may be converted to a
pseudo- range simlar to that performed for the SPS
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ghal (e.g. pi | ot phgse neasurenent) is denoted as
Wuﬂ% planer pad éh@rlea%ré Q oteras ﬁgehhéoobsﬁrr}@éon matrix. However,
nmeasur ement derived fronfan SPS signal. [1061] The

depBfdifig 8f thea@laiVe gesindiBr (efgh@hd BTBIMA! bardrt HhilMmd the terminal may
pseudo-range neasurenents for two base stations may

tt?ei'éxapr"@!;lé there gay be pbsoyupbilige llanthAevermbzdlaeC&OAnfoe a PP
ri'lﬁasuren%ﬂt }14' lhls gas% %Iﬁ’gbdw bQ ng(?)l]#lag IA-I;H((::JQ%COgQ'U;’] &?watlve terms
(14 nal

own 1 n equatton the e stations
are assuned tQ

pe od the sa | titude
WHR P& On 3Pt ¢ e rprs IRSY e DA T Pt dpservation matrix.

However, depending on the relative geonetry (e.g.,
EduatiBi 14esholye that the pselubo-amgetrhadodr AP P adomyayation for a terrestrial

signal is similar to the pseudo-range residual APR computation for an SPS signal,
which is shown in equation (7). An alternative method for computing position estimate
is an algebraic solution without linearization.

[1062] The correction vector X may then be solved for by using equation (9) or (12)
and would include two non-zero terms for Ae and An. The revised position estimate

for the terminal ( Lat,,, and Long ;) may then be computed as shown in equation (13).

[1063] FIG. 3C is a diagram illustrating yet another example operating scenario
where the disclosed method and apparatus may be used to provide a more accurate
position estimate. In FIG. 3C, terminal 110 receives a signal from base station 120x and
a signal from SPS satellite 130x. These two signals are not sufficient to derive a hybrid
position fix. A cell-ID or enhanced cell-ID solution may be derived based on the

location of base station 120x, as described above for FIG. 3A, to provide the initial

position estimate ( Lat,,, and Long,, ) for the terminal.



be in a valley), there may be observability in the
vertical direction for a PP neasurenent. In this
W@ a®a/03d280 woul d be appropriate to include partP@l/US2003/033124

derivative terms wth respect to "up" (i.e., a terns)

inthe first two rows of the observation matrix. au

Equati on (14) shows that the20seudo-range residual APP

conputation for a terrestrial signal is simlar to

[1%4138euadgseruaagsngeepkdﬁfa& bARRr GadTBAKa onORe E@halafraorﬁ@s satellite

signal, which is shown in equation (7).
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an al gebraic solution without linearization. [1062]
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estimate for the termnal (Late, and Long rev) may

then be conpuped ps gho in equation (13). [1063]
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i ggﬁi“ P|CT’ i YEFY ﬁ@a%séz%?%i oy gheguation (13).
PP1
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¢iten (D dixedlsy eltht fitds tHeysatigial chae ke iigitial( fhsition ebtl@dhte (i.e., AH =0)

or (2) set to the predetermined level by computing the predetermined altitude residual

AH . Altitude may be constrained by properly setting the observation matrix, as

follows:

~ 7 [- = = 2] [ae
I N Eq (16)
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[1067] As shown in equation (16), one element of the measurement vector and one
row of the observation matrix are defined so that AH , when applied, drives the altitude
estimate to the predetermined value (where Aucan be driven to zero or some other
value). Altitude constraint can be applied automatically if base station measurements
are used for updating. If satellite and base station measurements or if only satellite

measurements are used for updating, then altitude constraint may or may not be applied



and woul d include two non-zero terns for Ae and An.

The revised position estimate for the termnal (Late,

w@nab4kaag) ,) nmay then be conputed as shown i n BODES10051033124
(13). [1066] A particular coordinate (dinension) may

be fixed or constrained in the derivation of the

revised position estimte. F@1 exanple, if signals

from base stations are used for updating the initia
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al titude residual . Altitude may. be constralned by

‘E?F%)“}Hé‘?“ll%ﬁt%etlﬂ R Hé db%éwalt Pdn Resttionyestigaate gy tefngerninal is

X =1 'ﬂT&[%fé 6’7]] ar}gsﬁas anALﬂlcertal@g tﬁge&‘ b? l'énl(:)g e 11]p§<), shown by a
&Eﬁéﬁa Qrtea Qf 2 LN EIEEARY ﬁ?lg%ﬁror ¥ﬁg§é)5anaéﬂ§jo Bo ?eprés@ﬁ‘fe@ foyta"&variance
0 AH when

servation matrix are defined so t
mppureoknt doisy ewmtrixhevhath nbyeexppessedat e to t he
predeterm ned val ue (where Au can be driven to zero or
some other  value). Altitude constraint can be applied
aut omaty Iky Y4 |base station meas U € are used
for updatimwg. vf|satellite and base |on
measurenents or 1f only satellite neasurenents are
used for updating, then altitude constraint may or nay
whtreb¥, apphd adridiloe26041ic03£2¢ On R /ihiGAD 341033 leddimaiklin the east
(i.e., it is optional). Altitude constraint
ef f ecti vel dirgetioni des one of the neasurenents to
account for one of t unknown
three? dl%ﬁﬁéWBﬁﬂFe @hﬁF NG amh@ﬁ&ﬂﬂ““ﬁﬁ*‘e%ﬁpm?‘“therm“h
bel i eve co er§ this case). FIGS. 4A through 4D are
di agrams t ﬂﬁ% cally illustrate the process of
conbi pi ng, E}Eecﬂoﬁﬂ tdridlatRASbdtveth &Rl EARLHdhdrth SRers m the initial
and/ or “ot her neasurenents. In FIG 4A the initial

2- DpOSItlmltﬁﬁIdsﬂﬁﬁgfor the termnal is X n;,
[Latin;, , Long;n;, ] and has an uncertainty defined

'P;%/ éﬁgﬁélf}%“{h@é%k@&%&{l%ﬂ t@rmssﬁadaglg W Gfe 45 @rriel t% be zero in

he error ellipse can e r'epresent ed
BICcQyari ance neasurenment noise matrix, which nmay be
expressed as:

[NEW para #] In the example as depicted in FIG. 4A, where the initial position
uncertainty is represented with a covariance matrix, the initial position estimate may be

directly translated into observation equations.

e (22 8
APR | 3¢ n o Ae
APP| |0 9
— — 0 1| |An
AE=ale 861 0 o*A . Eq (18)
U
AN 0 1 0 0] |AT
AH
-2 lo o 1 o]




V = Ve Ven Eq (17) L Vne V. where Ve is the variance
of the error in the initial position estimate in the
we@amt/03adr ection; V,, is the variance of the epeDUSIN3/033124

the initial position estimate in the north direction;

and Ven is the cross-correlation between the east and

north errors in the initial 2%sition estinmte. For

sinmplicity, the cross-correlation error terns VeR and

NoR, Bleemagstiiiat kqudtiong defvidifroml e s4lllitd NRYM@redsaiaf Ipositioning

In the exanple as depicted in FIG 4A where the

Jyiensaare plsyn asoone Qﬁm efierage pLation BealiEr Ry, 4iipHEda (15). These
| o

AR oI, e b it Bl pBESH SpP B PLsE TR Mbsuremens

@.8 as APBq. (14) asd Bg. @) WeoneRilledainah® art. IArthidkexampie, @tk Values of

Eq (18) 1 00 0 Au AN AHO 1 0O0OAT 0010W

260410 A0 a6 dhOTNUSIOW BB Sieestimas g fratial tpigsition with respect to the

asur.enent uations derived fromithe satellite and
LRl Frine B oD AT Y i clions ity esh dfieiidgsd. Tn the
&RE wiRk: DRSAILS! PbdiGoh ¥ERS LKEREBE terdfindl gboﬁcmn (i 2) two-dimensional
These equations can easily be expanded to any nunber
wracetheseYriuds£an be seittp Bnanddh serpestbisls (e.g. as in Eqg.
(14) and Eg. (7)) by one skilled in the art. In this
BYEWpbara #He thiglaass thé copEiaape maNixaeerd sveishé matgees can be set to
represent the estimates..aof initi 0Si ti i th .
1o B whotFaRBLUNTRE iuf oesPiohr B B f dhsfianee matrix can

mhiettv:t he equati ons have been linearized. In the

V. 0 0 0 0O
0O V, 0 0 0

v={0o o Vv v, 0], Eq (19)
0 0 VvV, V, 0
0 0 0 0 V]

where V,, is the variance of the error for the pseudo-range measurement PR, for the

first satellite;

Vpp 1s the variance of the error for the pseudo-range measurement PF for the

first base station measurement;

V., V.,V

en? ne ?

and V, are set as in Equation (17) above;
and V, is set as in Equation (10) above. The weight matrix may then be

calculated as the inverse of the covariance matrix, and the position solution may be
calculated as in Eq. (12).

[New Paragraph#] In another embodiment, the position update may be computed using
maximum likelihood methods. For example, the observation equations from satellite

positioning systems and/or terrestrial base station transmitters may be used to determine



case where the initial position is the estimted
termnal position in a two-di nensional space these

wo adowess2emn be set to 0, and 0, respectively. POEVEPas/@33124
#] In this case, the covariance matrix and wei ght
matrices can be set to represent the uncertainty in
the initial location. For ex&®&¥l e, the covariance
matrix can be set too VFVROO OO OVWVPOOOV=0
O Ve Ven 0, Eq (19) O O Vne Vn 0 O 0 Vh where
VPR is the variance of the error for |the|l pseudo-range
HEARGRORD bt Mol boihReor Soilifibn 3pAc! ¢ Yel\ YRRl Fof Rudability 1
variance of the erfor for the pseudo-mange neasurenent
PP, for the first base station neasur nt; Ve , Ven
, Vne and Vn are set as in Equation (I7) above; and Vh
[ e i.n Jat i (10) T i ri
WaETTepRSph s sBibel 0l PRAal DA ARrafRETOF the abovel
Addisonahg ethersinitiak , poaitidn{ fveclypdbisg tinfonmstddrutabout emy position, north

cal cul ated as i.n Eq,. 2) . w Par agr aph#]. |.n anot her .
RASHI HgNtoe ¥5d lpoeiios SbuRE & ERyEME IRG i cRp TS gesenting
B! Y Tot XtfInk tRQstions) Sofgrmial irX T sphl€ A covariance matrix,

observdtion equations fromsatellite positioning
gysbengenenal /poebabdity elensiiyafunbiagre may diei wad tte datsminedikelihoods at

may be used to term ne 2004/ 036240 . .
B0t vadebRoR e THRRERARUF LA) sy e dned o consrained
f6RIdeRuPirReY HeSpoRftioh Af UhAxamuBPRRihood.. TAY sbiNEb® spdcermay also be
readability | u O would represent solution sgace as
watebed f@fnt%ﬂtw? dikebhoads ttp glgtepare af engreestp@igefor the selected most-

ﬁ@ﬁ%b&&g&{ly, the initial position, including

in mati on about east position, north position nay
[1668ised A dine-of-ipositibn KEDPhdv4 samibe gibvamednfop ahdedrmixall based on a
poi nts representing .

ranging measurement such as an SPS measurement or a base station measurement (or

some other measurement). The initial position estimate X, , can be combined with the

init

SPS line-of-position, as described above, to obtain a revised (or final) position estimate

X, for the terminal. This revised position estimate would have an uncertainty (or

error) that is represented by a band along line 414. This band is not shown in FIG. 4A
for simplicity. The width of the band is dependent on the uncertainty of the underlying
ranging measurement used to obtain the LOP. The banded line is bounded by the initial
uncertainty, which is shaded area 412 for the error ellipse of the initial position estimate.
[1069] In FIG. 4B, the initial position estimate for the terminal is obtained from a
cell-ID solution, which is based on the sector of the serving BTS for the terminal. The
uncertainty of the initial position estimate may then have a shape that approximates the
pie-shaped coverage area 422 of the BTS (which is also referred to as a cell sector).

Again, the initial position estimate X, can be combined with SPS line-of-position 424

init
to obtain the revised position estimate X, for the terminal. This revised position
estimate would have an uncertainty that is represented by a band along line 424
bounded by the initial uncertainty, which is the shaded area 422.

[1070] In FIG. 4C, the initial position estimate X, for the terminal is obtained

based on an enhanced cell-ID solution, which is obtained based on the serving BTS



nost likely locations (positions) of atermnal in a

sol ution space. A covariance nmatrix, Or nobre genera
w@embaki2ko ty density function may be used to detBUSI0NE033124
i kel i hoods at various locations in solution space.

The height value (Au) may be fixed or constrained for
determ ning the position of @dxi mumlikelihood. The

sol uti on space may al so be searched for relative
dettoelanhamdsihe QostRt RipTHdLy BRTBY k® tmesmrsmtrﬁe fRID ¥ be obtained
sel ected nost- likely position. [1068

baserd ov ftheppidatiphese (e@myentens ferathe el SobThd net@hlfmsnnoh@stlmate X i
term nal based on a rangi ng measurenent such as

weddnigs fraredt U@Perbanﬁasr@p@ﬁ%nt%rWnéa%@ﬂeﬁ%t Tlosy Width of this
l?{n%@ﬁ?lquga[ng”‘g ad%ﬁ%rﬁﬁﬁp& the eg&hg’p@ le?ﬁ)?_ g# {-?]p olgf’l? :rfé@;afsgrement.

e co ned wtht
Bfe fRg4rpdeRidnakarate HQ o&ahabmc@nbiau{ﬂ sath §P§ linkddppsition 434 to

init

position estimate X,,, for the termnal. This revised

$MsinttheorRvRed podfieh swbivlate Xy dobthe trperdlai nty (or

error) that 1s represented by a band along |ine 414.

[I67E] bara FIG. 401 ars hawwraté RTH 1@, thd BT isrobsdimgal fioc itheyterriimal. This

wi dt h of the band is dependent on_.the uncertainty of

e s 3 MAL “aFTé’WgH”}‘Eﬁftﬁﬁ'é’sl@Pé feafole iy POBEIG ot X -
OP. The banded line is .bounded by .t he i )
SRR § MR AEHITE reﬂ%fr&enfsawe i XP {98 redyegg uncertainty

e Ef%fl%?ﬂtégﬁe Hermi o BES OtEfl‘sﬂrrlh@h Boeign g X and sPs
t {
QLR P eRC gt B Fru BRI Rt Bbidich fbod ace

ﬁl@isﬁtdi\ﬁ?dnt forl¥@ actiteRrEfRidAty tidik ebt@ateni tial position
estimate may then have a shape that approximates the
kll)éleha;L@d‘IGwEr thgeinitiad pogipign @stlmh@ T.5 fonthe reringna iss gbtained
referred to as a cell|l secto % gain, the initia

*g?@@ql onGR edeneag @II%D ﬁOIEtl‘?}’an ‘béh‘& SRBP gt PHiagpasition estimate

e Of nﬁsﬁéc{lb\'ﬁﬂ . he $ ‘i’m%) BP‘)&I&{E’P“&? Ylh& ﬁ§4 h8 Sdbiatlrp the revised

egf I sed posi

}EO?S loh estim W%] &y I??tvtﬁe %ﬁ{lﬁ: gghﬁgmghgl‘n?fL ﬂhé ré\ﬁ&rd%gim)ﬁgsnmate
1@ Qﬁé?lr (ﬁe%kﬁﬁéﬁt omecﬁhchﬁalhﬂ% ARRARE 8PS &né: %? poz{lﬁ@l?sodﬂl a'ﬂd 454 and

the initial position estimate X;
memnhﬂakwnmnaumaMHed based on an enhanced ceII-ID

Y T TR G e o R g S
thRsughoam dutflize the @eBID( BT Bhhdneed Bhﬁ-lﬁTﬁchnT@& Blpravde BR initial

obt ai ned based on the gllot phase nmeasurenent for the
BrgionTesimate forathepigaminabn le senemal, dhx:ipitial pogitipn eptasfe may be

AR YRS SN AR BlnSgB  Hgame.
inite poéiion ¥st{mdte iaydie) obitainddhley Embinirgsttie eelblD .or enhanced cell-ID
solutions obtained for a number of base stations received by the terminal. This may
provide a more accurate initial position estimate for the terminal since information
regarding other base stations received by the terminal is also used. As another example,
the initial position estimate may be obtained by combining the modeled coverage areas
for a number of base stations received by the terminal. This coverage area based
position determination technique is described in further detail in U.S. Patent Application

Serial No. [Attorney Docket No. 020112], entitled “Area Based Position Determination

for Terminals in a Wireless Network,” filed xxx, assigned to the assignee of the present



The initial position estimate X;,,;, can be conbi ned

wth SPS |ine-of-position 434 to obtain the revised
w@omibsam estimate X,, for the term nal. [1071}CT/nSIbsA33124

4D, an accurate RTD to the BTS is obtained for the

termnal. This then results in a nore narrow

uncertainty band 442 for thedo,itial position estimte

X;,,:, . Consequently, a nore accurate revised

BHchti NarRiShédipd@tet. hereiR Byl réf@@ucee ATHETARTal BbdHion estidihtdMay also

obtained for the term nal based on the initial

bos hetivork-basef saludioderivedasmg2PELT i ne- of - posi tion 444,

th th C RT I ide a;.000

PBZEL criartoVF E AT ieleFaiefs Byg R0 A Y dE R iRACH foKRon and

Edfdd@lentl tel feviséEpoditien dtintdtator plesicimal baded oatthe Xiitial position

for the termnal 1s obtained based on an enhanced . .

essimatq. plns gengralothe m%symnsen@xl&ﬁ% fr updaling tq jnifpal position estimate

AR haR ABhortkbracd, Thay 5 df SRRRRTL Hohibel OF (52 mpasuremens

posi #vailablestbiabidie aX indepehdent tpositibe resiimate. fof ke terminal, then that

uncertainty in the revi osition estinmate..is then .
St YRR B PBE by He i ol ST esimare
Thitg-iP{eP@fia ipefifioft 23 ARE 1§ Pfovdddl by AR M-I 3dnhanced cell-ID, or
position estimate. [1073] For clarity, the exanples _
stownthien equig8ent3achmqus. dren3aezsnnEnEsior Aase sttion ghd/apsatellites

L e e

fremnarRbasel statd@naéRlireniches, h hiyblidbolpash térdvedefsérh FadeRite and base
may be conputed by a% avai | abl e Eosi tion
Hater WAty @ph Ai fifesolytionglve ved Hap @l saellits pepsuggments are
] )| | B e
B R iR Sk NS (Y PRt A R B OO, QoS 16 e iniil
posither estiindoazea sdlhbasod solugori thedsansiliteheedseremensd may e sised for
may . provide a nore accurate initial posifion estjnmate
FRfatiplc 18 SIERPI AP TSR S FRBIER P LACT TGa FAFHGnBEraiem may be
BaRCoSIALiaRN En ARSI YEHi W estitfud 8F BE 3Ed tS upiaO tS Rftial position
As anot her exanple, the initial position estinmate my
bstinpdte dérnved floyn eetigrisowget he nodel ed cover age ar eas

n er of base stations received by .the.
FQ75F oo e ThyrBbes o eef N i peaiffd YED Pl is cependent on the
Bt A pokinoh ieoimite GRAIAUHILE MRREd. | BESS.i4A tHibidiedD dRistate how a
in U S Patent Application Serial No. [Attorney
siagkdiORaneagroment] canehbp isedd revipeea 2ERJaigiappasitipn gstimate. More

: : for. Tarm ) . "o
B AP T R Bkl 558 LB o
200/ 03S1idA CesEhlcUSPO0 Sdriia3 8pdate n2Bhaispbne at inwore arfcdhe coordinates

¢ M CHFRSTSS I o e TSRS ATEG T8I0, T Rk Gptrined
by igtébeftyFlelting the observation matrix as described above. In this case, fewer
measurements would be needed for the updating. For a LAPS-based update method, a
single measurement can be used.

[1076]  FIG. 5 is a flow diagram of a process 200a for providing a more accurate
position estimate for the terminal using a partial set of measurements. Process 200a is a
specific embodiment of process 200 shown in FIG. 2 and is represented by FIG. 4E.
Process 200a starts off by obtaining an initial position estimate for the terminal (e.g.,

based on a cell-ID solution, an enhanced cell-ID solution, or some other solution) (step



[1074] Various types of neasurenents may be used to

derive lines-of-position and consequently the revised
w@omihsam estimate for the term nal based on tPer/US2003/033124
initial position estimate. In general, the

measurenents used for updating the initial position
estimate should have hi gher 2@ccuracy. That is, if a
sufficient nunber of these neasurenents were

2008).| BRb SnelabureRbAts Aretdlsé HEIGREM e lvo BaArhiter, 8&dh dF¥Ech may be
for the termnal, then that independent position

esatelligtos albasd slathm (s9pel4e)curate than the initi al

ption.estimate, ...Thus,. if the_initij positihan .
BT e 3F iR, Bordieh Remateo  TdrDPARRS IR Ui pacig set of
EasufeitsoloNsbtaif Gh YedkiRatpokigioh eshtate fohee temasul @Epriisa). To
for base station and/or satellites may be used for o
peptvami thg. upPhiing.i & mivasergwentaverearnir K- fivst dgriyeal paseyl on the initial
solution,derivgd from onl bﬁfe %ﬁti nmeasur enent s,
RO PTG @D ghe JRFFVERISOINDaRel) | LEPERNG othe Bpe(s) of
SbRAUAEBASY T6& T dheing @eﬂ,g!i SPSBEcA RS, tIRNmERN ukR&ht WEQB? may be

only satellite nmeasurements are all usually nore _
acshomant en thealeftt handcsitie 1n Bqaainelhalddbd16kidr-(1B). An observation

S ek b e BEBH 0 S EaBy 0 09
f dat i ng. j | CLi .

A B 2B LA RO g sov

ﬁ%@%ZBP ARBREAI 3Bk Y 1d tfitn BRFinkd NshE%n! i%%{lgatgiélr(?%)e(gtep 228).

to update the Initial position estim

THeO (i @41 PoRion SRURR is[ therd apdAtbe withmihe rcoplectidn S edteMNbBtain the
required for updating is dependent on the _initia
T5¥ised ipopitien testiimate. amdhawn upduatiofef Ko dstep| 238). 4Bhe process then
&Hﬁﬁggg 4D illustrate how a single LOP neasurenent
can be used to revise a 2-Dinitial position estinate.
[Wo78] t ISametdiehdrpovitivimiéteaninatesh tachiixpres dbschibad abeveama g also be
may al so be used. for, updating tgg initial position
weVpdrat & aygmendation of pasifian ket yrseisdoni Infprmlion with pggsurement

£ifl i @R onl fo 'Ze@a%’zﬂcs%t df FRASIrARSs. ( gp&:if'iczﬁ‘ll#, keUsl@mentation
reference tine) may also be fixed or constrained by
gesonpplead] \hesat tmay behaisothstarvat cdhlDmbased sutgms cr iJoaventionally,
above. In Hhis C se,.fewgr nmeasur enent s Wo Ig be inf .
Heeealpipg Ot pEte JamEIT gMIORBIIGE PABSTEAR G gdpan information
LRt cainplelengt 6f MRARKERERAtwIGAN gt Y Sigds thd Qiffdtiols Ghere the
5'is a flow diagram of a process %00a for providing a
Frgentation mayee usedi tion estimate for the term na

@%Z%"g . D HE gl (R dig%ramegfszw Sifdhime tgﬁa"ﬁﬁéﬁ%‘%@r}ﬁ bining

[ odi nent of proces
dtste I ddps enfoatatinh Bt méisureniind alpami? farmdtint & pfovideya more
obtainin%_an initial position estinate for the . . o
CERIRASTHOB egtimaterfar @ virsless termyinal) Filiglysstalmdomgpin information is

FEET§ SETALIERY 27 L5 AT SAIbA s b n i
position estimate that may be derived using various techniques (e.g., cell-ID or
enhanced cell-ID technique). Measurement domain information is also obtained for the
terminal (step 614). This measurement domain information comprises a partial set of
measurements that is not sufficient to derive an independent position fix of a
predetermined quality of service, but can be combined with the state domain

information.



26 212a). Two neasurenments are al so obtained for two

transmtters, each of which may be a satellite or a
whama/os2ai i on (step 214a). [1077] The initial poBU§1005033124

estimate is then updated with the partial set of

measurenents to obtain the revised position estimate

for the ternminal (step 216a).27To performthe

updating, a neasurenment vector r is first derived

[1e8@d oIThe h@atk Nddrhah inRSHiatib@ s ehén BimbiRddwithethe measurement

measurenents (st elo 222) . Dependi n on the t ﬁ

m@wrefﬁﬁm@nu@@a af1hf pgﬁaam ﬁﬁgn?(t% the tgpgi i/avmg an accuracy at

b h
R o B 3 shil e AL B0Fn (BB, ™Y 0 56y Oor
[108)] AFIGbTds wailockndiagrin ofkarHembodiment dfoa neeeiveonnit 160, which
TR T g B TSR0 L g
Mexh é%‘?l'itgrtm\}g(g&ss asndesOh RRAIALBYSGtiod 8LBANIAARIN syitems such as

correct| tor X is then obtained as shown in
theBRS amd M@)esﬁ stmpudR@jion s¥$temi nint thal enpsliméend rshown in FIG. 7,

SEbT 0% bR B BhERel ol ok PSRN L G pSPS Sssver
PPB2h bRRtedsing)uniS116Pa ﬁﬁgﬁor%fﬁ i€ 708,068 3T ohtisifer 720.
term nat es. [1078] Sone of the position determnation

E188%ni userma/dPirersivestsignalsniagma musntss of yiagyigerss(which may be
g&% oRQ)f %fPtSpsg%il té@&cﬂ/&f ba§é ?t%&ém?'?ﬁ@bﬂ%vld&ﬁ %e%&é&&i signal

asur artial
ofterm@sasal raemSPS SeceBRecT f Za(}fmkil ’MZbI ﬂ‘erre&mgﬂ&actea\tdr Gth 2a mcludes front-

descri bed herein may be d for a cell-1D base
S HER, (CRorrdit ooy R sirghieatiop LT PR ae circuity) tha

gg@sg& Hef @ mst QRsirkl 7GR SBHE TRAbnd Q8 Rbhird MiBFARIdnCGsed for

gquires a orrpl ete set of neasurenents, which greatly
pasitidnsdetdmimsitivnaFoogrsimpte teardshrel r@ﬂ'gneﬁlhtmnnmnwrme phase of

e TR 18 o LA oy 0 i
1'nﬂfrﬁfaﬁ3ﬁ (@B, \ihdchor AT Y. MR tisHBRInforinatien mRdyl tABrebfer be used to
pr ovide a nore accurate posi tion estimate or a

deirivelagpsgudoetangniel the basetstasiony, st ate domai n i nformation

983 bt ﬁle ggtn]; o{ecéll\?gr ’} an?ng llm I% %R 9 }%le e Q\/ec’r bk capable of
[I(}O nin le{) ?1

orrra 1on nma

@ﬁlbhﬂattfy bfh’@éssf@nﬁﬁlpﬂersﬂgtﬁﬂ mmmgs (/(af nmltﬁpatreehmpmas) in the
cell-1D or enhanced cell-1D technig

q@éegéd sigadlt Thsrakereceaver wakuldsﬁqa PYmAersef @at%u}?@&nfe&ﬁmems (often
Mb%vn LEEALAR), b 6P wiid) ma E%ﬂéd’ E(? rﬁ?&%ssdﬁ'@{rgck a particular

I'nfornmatidn ‘Conprises a pa measur enent
thhipaihs coroporut.f | Eveanthough deu]trpka aingérm drepe rrdeasigned to process

R R 1 BB b e SELIL S8 cbaned
for one multipath component (e.g., the earliest arriving multipath component, or the
strongest multipath component) is typically used for position determination.
Alternatively, a timing (or ranging) relationship between different fingers may be
established and maintained. In this way, it is possible to use different multipath
components for a given base station for position determination depending on the fading
and multipath effects.

[1084] SPS receiver unit 712b includes front-end circuitry that processes signals

transmitted from SPS satellites to obtain information used for position determination.
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[ 1080] The state domain information is then conbi ned
wowdaon/0sd2e0 neasur enent  domai n informati on to obCHUS2083/033124

position estimate for the term nal having an accuracy

at least as good as that of the state domain (step

616). [1081] FIG 7 is a bl oé@ diagram of an

enbodi ment of a receiver unit 700, which nmay be a

TRTRot&Bing Oy réceiere ERsantien b ratxtrddetheipé@netinfort@fon from the

be designed with the capability to process

%ﬁ’%ﬁ@ﬂl terrepigial pignalp grecknsyy 0 Bia aeansh patfessriied 4y se@pgherein. In
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TiRal uBeseiagrs ditensmal 71Xh peovidy [@Prodesding enii VE vadds, types of

an SPS recehver 712D, pr.oces g upit 716, a mermr%(CS

infarmatien sughqasy OB rEXamIPleer imHE, ‘Tf??%‘?‘ oAt @i g terst
1'6@19(?(16\5 &Ad R sof R OMRMMEID Sho & sid A G0 ddefed, diRbOR.
may be any conbination of SPS satellites and/or base
[H08%] onProassingnuwy i7 it sayhbtaieeriiviadl posgial estitnate for receiver unit

stri PS.recei vers a and, 712b. .

] BRI e qtaRe b oSt il 1B an ey ahp-dedmine a pseudo-range
fekidGali fof Yeall® biise staB6h @nd [sBRURHGY HeRiskd Clol idatel thediRfliaPposition
ot her processing circuitry) that {)I‘ ocesses the

itlgwéﬂ aistdegerdiedt aboyef rRyasdssine wita? | @ mayt Berspften wpdate the initial
DOMRETBI-0Re $384 B fine BISIdol AR SAFLL AL bBn Edfevised postion

xanp errestrial 1 measur
@h‘&ﬁi&a f@fthetrh&wzurluﬂtt in the forward |i nk Si gnal
ﬁrlﬁg ived from each ase station to ObEI"%I n timng

MOt 713 SEESOYATHS gt ysedriy Sleferinigg position. For

Frgﬂé'r%én%} M ﬁlh% t&%rmi%?mblt?(ﬁ{jfofr ?ne B84t0f8 of the, SPS satellites
pse orang to the base station. [1083] Terrestri al

(vdudi mey by dgavedeyorh el Ameaniac and/ekEphearazistemnsmigtl by she satellites

abl e concur.r ntI roce.s in nmul tipl.e signal
GrEPRHEREY (bt CReHTERurce BremareipSheoRt % BrditPs af the base
ﬁbtﬂﬂ\@' ?whﬂ?@ &K ®el Ex‘b@id%&rwhnﬁ,lgh’éjﬁ@ ,QaftHARE ps@ido-range residuals.
denodul ati on el enents (often knovvn as fingers), each
Memany et Vrh%/mbze alse giogmleregtam endee evddain ﬂortm@aﬂxm@g unit 716.
lﬁﬂg'}l CL“(%E’IU'O %b@aril:’léllq 3191’6 ent ergtvgn h I%?CSSI ﬁmplﬁﬁ For
ers ray e assi g o proc SS I pat

EQplY) e6htsolfed 72@ ngily \seloctaBs pasit alal Bipes onéoyutmao be computed (e.g.,
gseudo range obtained . for one mnulti path conponent

RS-Based; neiwer baseds hbridh oriyased) LSSt Ralehnpin @it olhgr combined
%oﬁ‘lfhon§)t 'E&Jl% %lﬂh%ﬂnﬂ% l't]o G@H&gﬁﬁ%ar&: fant @'1§€1?\1a|11){bl|31)S %ﬁid SO on.

posi ti‘on deterim nation ternatively, a
[(1088]r angilighigh ebtaghiosmsini FIGh &t veweiveduhitt 06 mhayf ¢mgmumcate with a

IBS%QHGF@"?{ i?(gg Ef(g flg,r\@lhlf H‘ﬁyﬁsggtgﬂ dletrc]:rrhlrrlilnf’ g twa¥ermmal s position

estimate. The location server may perform the computations to derive the position

the

estimate, or may provide certain information used to (1) acquire satellite and/or base
station measurements (e.g., acquisition assistance, timing assistance, information related
to the location of the SPS satellites and/or base stations, and so on) and/or (2) determine
the revised position estimate.  For the embodiments whereby the location server
performs position determination, the underlying measurements from various positioning

systems and the initial position estimate are communicated to the location server (e.g.,



conponents for a given base station for position
determ nati on depending on the fading and nultipath

wetdoansa40 [ 1084] SPS receiver unit 712b i ncl udessI/US2003/033124

front-end circuitry that processes signals

transmtted from SPS satellites to obtain information

used for position determn nati2®n. WO 2004/ 036240

PCT/ US2003/ 033124 28 The processing by receivers 712a

XA Gireledb ah@orWieRad 1idl3e AefkkimpiBlof sBdhod Rt s ve@M ddderibed in
SPS and terrestrial signals are known in the art and

Het: Paestcberisd o £,208290. Whkigh isiipcorperated hereamby eiferenge;
|
ARP 27t iR RSEREL APl (SRRl BRCEtha DRI Fdohlfibcion with

variops ociesless ngpnurnitication syatemuand: yqesriaf Fbﬂﬁmmﬂé,l e disclosed
such as, for exanple, tim nqoi?l nforrmtl on,

pREFd @pd APRATAES mae/H)@ uspd 51 GIMs timeadivision meﬁlgleo'«fccwéTDMA)
frE ﬁf@' tdl@l@ﬁ)nwﬂﬁﬁ 181 4Ralss (APRIAECAidY %%era%eﬁ:@T Udmmunication

Processi ng nit 716 may obtain an init
peentsi oThest ispweres froay implemeer onmidr mpE) applérableestandards.  For

equ sted ceSS|n unit. 716 al,.so
SRR SEGRMA SESFH e Ropieft Ry o B03Raff IS AR WcoMA, and
§Abe! IMneeTdRA 8y ndag iHpiaiedt IBMI GPRISAANPKS bhi Athese various
estimate, as descri bed above. ProceSS|ng unit 716 nmay

sthreaedsfare Knaioel it @etaneandnnqqrmrateé et bhreé@pnqﬁatﬂﬂeml@eédwreless
gglmﬁm{}r%cﬁ%%ug n%]%% Jd%sléon Ul lﬁla} Qm?eﬁés%' tst%n‘Fl%J'gg]aq for example,

posI e recelver

MHDS02. Lm$)tste?rils8BiiIeQTcﬁl$ sys&lmsomm dﬁélasylsead ar€@networks (WLANS).
det erm ni ng position. For menory unit 718

H&?Olst orldei medeAatndoAPRAGRIE ﬁésqn&&étheéﬁg BeY t e uggdlswith various
Aﬁtl rp' %%nlng’élpét&lﬂs g%s%?&cﬁ 35 Eh\éqql?]terd%t%F @ilétﬂawgﬁﬁomng System

phe s tr tte e satellites
(cGRﬁm e desyam bdortasy syaeeh, iaad tf&dimopz:a(m dagilea sysienel Eﬂshermore the
netvvork | ocatjons of the base stations (which
fhislossd ‘%i ‘339?5 dBd apPaaus gy E"hﬁied ‘gﬁg H‘%ﬁlé‘oﬁg’éﬁ% "E’é??é’@“ systems
fhﬁﬁht@l%' ﬁseudé‘fﬁé@&y a UBinbinddéh BRYat@liRR a‘ﬁﬁﬁfs@u&ﬂl@&r dPReudolites are
codes and data processing unit 716. [1087]

gonnd- baSeértraﬂmltWawthdt bl@edcastrﬁePprmdatqr @theajfrawmg:e@;u (ﬁlgnlar to a

Lkt 7 exanmp ont r.ol | ect the
SBbtor oM Bl SRR Bler e B LB AR b8 carrer
SE basrd, magtbaoshchasRed vhybGIPS tlﬁl@] | Efvhs ath trAf3Mitter may be
saf et% net, and other conbined solutions), the

paiEned A APigHe i €98l 80 3B OURTENI( IenFFFIAhAY drigmpts receiver.
'E_%égh&g,pg Gk us@ﬂﬁj i 91t19a@109%55/%%§§]j H%IE}QH o %h. o?lﬁﬂﬂ@ shiBllite might

recelver unit nicate wt
booadviadablsesuebras id Quiireise nfthds, bljldingd)i urlmme@nyass DS bthen enclosed

WBsat RBAMERITBET RGN GPeioNE: CORPRYA (S dALoitsaeigs yihe term
¢ARIIRES 1ak WY herein, is intended to include pseudolites, equivalents of pseudolites,
and possibly others. The term “SPS signals”, as used herein, is intended to include SPS-
like signals from pseudolites or equivalents of pseudolites. The term “base station”, as
used herein, is intended to include cellular, wireless, LAN, WAN, LAPS, Bluetooth,
802.11 access points and other terrestrial sources of signals.

[1091] The method and apparatus described herein may be implemented by various
means, such as in hardware, software, or a combination thereof. For a hardware

implementation, the method and apparatus may be implemented within one or more



estimate, or may provide certain information used to
(1) acquire satellite and/or base station

woremsusement s (e.g., acquisition assistance, tPaI/U§R003/033124
assi stance, information related to the |ocation of
the SPS satellites and/or base stations, and so on)
and/or (2) determine the rewd0sed position estinate.
For the enbodi ments whereby the | ocation server
ANt RIIMEspBéisit tintegracttopicnitN@LSIOK), dighal sipaaprydesgrs (DSPs), digital
measurenents from various positionin systens and the
sighal | BTocpsHIE id@r«ﬂcg%tﬁ%ﬁl%s),arpéo%@ﬁmﬁhl%c degig €lovigase (PLDs), field

| eryer : 00, 0 ~
REARLEIE R S, TDFLOBHETAAC soproles, o comroles
nicnégspcesdurs exuhep elcdnis uoiits alebigoed itorpesferm ehe ifanctions described
described in U'S Patent Serial No. 6,208,290, which
hegein Qrch GraRbIpaPIHBETEPt by ref erence. [1089] The net hod
A0922PP R LU FIBRE [ThERe NG, ThéTBX¥cIBSed/FRfhol Mnay be implemented
conjunction wth various wreless communication
with t modulande.get procddvresFdunctionnpinsl se hen)dihet Ipedfern the functions

met hod and appar at.us may, be used for, COVA, tine .

ARG e PR St Rl ptbe sbRiF A Reptont g (g memory
T4 i HGe 7pERESGcHEDMNa, prédess o (18! piicERifSiEit 716 or controller 720).
conmuni cation systens. These systens may i npl enent
Brrememopsbirdt mgp be dmplemestied Mt Ee presessas paapemal torbe processor,

SRR B, 55 REEcd 3a53fows s
SEhbwioiRBeamd so on. These various standards are

inthe art and.incorporated herein. by reference.
ﬁﬁgxﬂt heMeBFeapusssCrsiomt ?@ﬁﬁwegf&%@ﬂgﬂgwsmwded to enable
ﬁ;vg-g&ggh uliafiedMif EIhES 8rt SYS hRIE UG afie HiRlen®@VB®N.  Various

I 2.11 systens, Bluetooth systens, and wreless
modidilcatéors do egseenibe dinviintd\eill be feh0dY hpparentrethasd skilldd in the art,

SR B SRR SR ety Bl e R ns wiou
§dpaktRd REAURS sphifbakcdpeIf ith® HvaskicaY STRIS, tl(e%?r_@%em if\@ntion is not
Russi an 3 onass system and the European Galileo

njesdediio Rulimited tedhe embpdimedisshowa bererebuidvitodiedaccorded the widest
rat | {100 .nation

EPBE LR Bn fc BEToIBL LT BB bR ASEENDE | °0
satellites and pseudolites. Pseudolites are
gbound-based transmtters that broadcast a PN code or

Atk r IBAG IS CAAIMERISar to a GPS or CDMA cel | ul ar
signal) nodul ated on an L-band (or other frequency)
carrier signal, which may be synchronized with GPS
time. Each such transmtter nay be assigned a unique
PN code so as to permt identification by a renote
receiver. Pseudolites are useful in situations where
GPS signals froman orbiting satellite mght be
unavai |l abl e, such as in tunnels, mnes, buildings,
urban canyons or ot her encl osed




areas. Another inplenentation of pseudolites is known

as radi o-beacons. The term "satellite", as used
wheneoss240 s | ntended to include pseudolites, PCT/US2003/033124

equi val ents of pseudolites, and possibly others. The

term"SPS signal s", as used herein, is intended to

i nclude SPS- |ike signals fr@h pseudolites or

equi val ents of pseudolites. The term "base station”

as wused herein, is inten pvishcl ude cel | ul ar,

wirel ess, LAN, WAN, LAPS,QEFﬁ%tooth, 802. 11 access

poi nts and other terrestrial sources of signals.

[ 1091] The nethod and apparat us descri bed herein may .

be i mpl enefiteedhed, ohdetsralving gpaption eHiipate torjavielpsgpifnal,

shhy@ie, or a combination thereof. For a hardware

I npl e tation, the nethod and apparatus may be

i mpl eotstaineg aniititiahpaitéonogstimatefoDe2@0iNn036240

PCT/ US2003/ 033124 30 appligcation specific.integrated

i r cOPHIENAS B591 meRsBreTEAn P R BF OGRS N qakamynation

@Sgsi,ﬁsghnd si gnal processing devices (DSPDs),

pr ogr ammabl e | ogi ¢ devices (PLDs), field progranmble

gat e epdatipg theFRGALPositestigRte with thesel of|measgrements to obtain a

mcro-control.lers m croprocessors, other electronic

{fﬁstgp%Sété ng%sé ageofoﬁg}eftgrrn?ﬁ%?]he functions descri bed

herein, or a conbination thereof. [1092] For a

software i npl enentation, the disclosed nethod may be

i npl efrent efihe Methad ehalgirad, waergin the pe3 0 meagyements is a partial set
' and so on) that performthe functions

@gg%%Pﬁggnﬁérein. The software codes may be stored in.

a menory unit (e.g., nenory 718 in FIG 7) and

executed by a progessor (e.g.,.processing unit 716 or

Cont 111 er ThopRhod PhefaHa o Jersinttbe St BEds HPEHE Rpmplete

W bhinRadubRgndiocessor or external to the processor, in

whi ch case it can be communi catively coupled to the

processor via various neans as 1is known in the art.

[1093] Th reviouys.description of . the di.sclosed. . .

b rbodt o T BB S GERRN, Rherdl B i pken fRERye jsqprained
bded BEaREN-IDQoEKE. Or use the present invention.

Various nodifications to these enbodi nents will be

readily apparent to those skilled in the art, and the
generkc princi i ngd i . ' .

ot her 5'e n‘oochglliQ:nljé1 %’g a v?a‘lSI ? {ﬁlgﬂtq ’ ng%glrtﬁ ¥ [r%tyafl &g%ﬂ? ﬁ éétgg?té |%tObtalned
based on pe enfantdiecellnlesdlution. Thus, the present invention

is not intended to be limted to the enbodi nents

shown herein but is to be accorded the w dest scope
consi gt entTid hBnbl%f Blalfa} Bh&ginhe uﬁkPaYi%%irf&@&ew es
di scl osed herein. [1094] WHAT IS CLAIMED | S:
deriving a measurement vector based on the initial position estimate and the set
of measurements,
forming an observation matrix for the set of measurements,
deriving a correction vector based on the measurement vector and the

observation matrix, and

updating the initial position estimate with the correction vector.

7. The method of claim 6, wherein the deriving the measurement vector

includes



WO 2004/ 036240 PCT/ US2003/033124 31 CLAIMS 1. A

nmet hod of determining a position estimate for a
wowmebs:s0 t ermi nal, conprising: obtaining an Pau/UsAD3/033124

position estimate for the termnal; obtaining a set of

nmeasurenents fromone or nore position determ nation

systens; and updating the ini32 al position estimte

with the set of nmeasurenments to obtain a revised

posi t deddnBsihy APbudodangd® cabll Fhmdalitterbasddén Aedigdomfing
claim1, wherein the set of neasurenments is a partial
mepsuresientifbib e pesas megsurgmentie net hod of claim 1,

roacut Enbifie S She e ARGEHRRIRE i 3oRu G B 1o S hemiver

amd tial position estimate is obtained based on a
cell-ID solution. 5. The nmethaod of claim 1, wherein
the i9fieHNingdPseydorrapes remdbd freeashitantsiyter. 3ad adetsip thy
gﬁ%%%t Q@Jt(l)r'ihauﬁ&gﬂékﬂl -raggc reggﬁaﬂ?zémgxsﬂlﬁtté}g @nBlel
erein the updating I ncludés: deriving a measurenent

meauomdnsss@e irothe tsereofimdasi@meptosi t i on estimate and t he
set of neasurenents, form ng an observation nmatrix
for the set of neasurenments, deriving a correction

vect og, baspgh @BthbAef FBAS U KRB tHE GhRIinMEIEIRE using maximum
observation matrix, and updating the inrtial position

bkalihaed techipigiest he correction vector. 7. The nethod of
claim®6, wherein the deriving the neasurenent vector
i ncl udes WD 2004/ 036240 PCT/ US2003/ 033124 32

det ergi ni NMpheemprhiod D clamn @ Sfuitheddiprisingdedriniting bafdes for the
on_ a correspondi ng nmeasurenment in the set o o
iiad ppatighgsgimate and the set of measurements, and wherein the updating is

performed using the weights.

10. The method of claim 1, wherein one or more dimensions are constrained

for the revised position estimate.

11. The method of claim 10, wherein a vertical dimension is constrained for

the revised position estimate.

12. The method of claim 1, wherein the set of measurements is obtained

based on signals received from a satellite positioning system (SPS).

13. The method of claim 1, wherein the set of measurements is obtained

based on signals received from a wireless communication system.

14. The method of claim 1, wherein the set of measurements is obtained
based on signals received from at least one of a satellite positioning system (SPS) and a

wireless communication system.



conmputing a pseudo-range fromthe initial position

estimate to each transmtter, and determning a
w@seudss2e@nge resi dual for each transmtter, apdr/US2003/033124

wherein the neasurenent vector includes pseudo-range

residuals for transmtters whose neasurenents are in

the set of neasurenents. 8. B3 nethod of claima1l,

wherei n the updating includes using maxi mum

l'i kel jHoodTHegBRbAULSain? 1, wheeihé e o0 fnegdudéiznts includes at least

further conprising determ ning weights for the

o1 linezaf pegi§PR (JgAPlest i mat e and the set of neasurenents,

and wherein the updating is performed using the

wei ghts. 10. The nethod of claim 1, wherein one or

nor e th. menAindiboddialecomatingh pesdtion edtinidiefor awisedeks terminal,

position estimate. 11. The nethod of claim 10, wherein

PMRIM&al di mension is constrained for the revised

posi t Lighn&tdnTRikiGt position EAEmIRIBPGe Umfthdl M 1, wherein

the set of ‘measurenents i s obtained based on signals

r ecei etgginingarsebofsaeashitementsfosa plupalitp gf syssimetiers SP®yein each

13. The .method of . claim1l erein the set of

EEG her ia§at8’t'f§ea?rrf’e_n%“é _8‘2@%‘& on signals received
from @gﬁ%ﬁlgezl RISBSUFHETM REG S baREd &Y HeQBl offleasUiemeriBt hod
of claim1, wherein the set of neasurenents is

obt ai feeRingragdgeryafion mataxdor e setad dndapyamgrts] east one

of a el | [ t1on

o 2 LA FrRAS) HA B SR s
NHsENIE2OMA334@4 33 15. The nethod of claim1,
wherei n the set. of nmeasurenents, includes, at | east . one
|i ne WrdaHBg thejipitial nasition esmatg Wigh s gogectigarvesier i ohiaia a
RORE ORGSR Srof B émithdl®! ess termnal,
conprising: obtaining an initial position estimte for
the termnal; obtaining a set of neasurenents for a

pl ural.i transmtter

t f transnm.tter erein eac :
P ther hep@RT Pt gudh 76, WHCHR et ShoetRatiys & partial s
sEasKLRFRALs. vect or based on the set of nmeasurenents;

18.  The method of claim 16, wherein the set of measurements is a complete

set of measurements.

19. The method of claim 16, wherein the measurement vector includes the

initial position estimate.

20. The method of claim 16, wherein the observation matrix includes the

initial position estimate.

21.  The method of claim 16, further comprising determining weights for the

initial position estimate, and wherein the updating is performed using the weights.

22.  The method of claim 17, further comprising determining weights for the

partial set of measurements, and wherein the updating is performed using the weights.



form ng an observation matrix for the set of
measurenents; deriving a correction vector based on

w0 b4noeasur enent vector and the observation neET/U%2003/033124
and updating the initial position estinate with the
correction vector to obtain a revised position
estimate for the termnal. 184 The nethod of claim16
wherein the set of neasurenents is a partial set of
measurenents. 18. The nethod of claim 16, wherein the
set of nmeasurenents is a conplete set of o ]
meas u?&nent e method phelaired hdarther compnsingeletemetiag weights for the

r ) ; . .
RE SRR e AP RLASER b b, ROSHL e upanin s
plif@eéatubiag tidweightsi ncl udes the initial position
estimate. 21. The nethod of claim 16, further
conprising deternmning weights for the initia
pOSI thon eghl Hi@fh%ﬁ o@@%rﬂﬁ@r\?h&eﬁ]q fﬁﬂ%@)bﬁﬂoﬁ §st1mate is obtained
performed using the welghts. hod of claim
Baded bortchiBIDsombioh r mgerde]neafdneﬂrlﬂngscxMI@ht s for the
partial set of nmeasurenents, and wherein the updating
is perforned using the weights. WO 2004/ 036240

PCT/ @003T9§§1$%d o H1aBR 16, \BerBR RO R Pﬁiiﬂbrﬂbsli?mate is used to

further conprising detern1n|ng wei ghts for the
¢aateieghatips forithmolkssrvation matiid Gereldpdrtial set of
measurenents, and wherein the updating is perforned
usi ng the meights. 24. The nethod of claim 16, wherein
the ipé.ti aThemsihodon claih 2EPVEereid thdinitidh @ositiGRedidnadiuicertainty
cell-1D solution or an enhanced ceII-ID sol ution. 25.
iprisedi gtente weighsfortheebsermationimatiine(sthl4-Pal posi tion
estimate is used to create equations for the
observation matrix. (see 14.5) 26. The nethod of claim
25, WREr ei A rhé¢thod of ddatamipog i posinowsttima¢ foraneieglesaiteriminal,
is used to create weights for the observation matri x.
fEe&1%6) 27. A method of deternining a position

esti ”@Etﬁmﬁr@' stéte WM& S B hStdH BRthe po§i@|6'ﬁ e§tfrhig;
obtaining state domain information for the posi tion
est i mabteining measurement domain information for the terminal, wherein the
measurement domain information is insufficient to derive an independent position
estimate for the terminal; and

combining the state domain information and measurement domain information

to obtain the position estimate for the terminal.

28. A computer program product for determining a position estimate for a
wireless terminal, comprising:

code for obtaining an initial position estimate for the terminal;

code for obtaining a set of measurements from one or more position
determination systems;

code for updating the initial position estimate with the set of measurements to
obtain a revised position estimate for the terminal; and

a computer-usable medium for storing the codes.



obt ai ni ng neasurenent domai n information for the
termnal, wherein the neasurenent domain information
WO 2004030286 | ci ent to derive an i ndependent posiPEDOS2003/033124
estimate for the termnal; and conmbining the state
domai n i nformati on and neasurenent donai n i nformation
to obtain the position estinse for the ternminal. 28.
A conputer program product for determ ning a position
estingte fAdigtal Wghﬂlmsstoewmpabmgconprl sing: code
for obtaining an initial position estimate for the

t er mi means fepelaining @btna?hwgﬂ% esdmatsrfonp wigleshigrminal;
from ode
for uage e SRR o e R GhioRE oSk
dﬁﬁnﬁﬁﬂﬁﬁ&@ﬂéﬁ@ﬁnﬂs to obtaln a revised position
estimate for the term na a .conput er-usabl e

medi URFATSTOGYRSIATIAG theritia b glon\ﬁﬁ%@wlﬁe@zw of measurements to
Mﬁ‘ﬁ@@g’@dﬁﬁ%ﬂesnﬁém%thé\té}hgﬁahal si gnal processor

conprising:” neans for obtaining an initial position
estimate for a wreless termnal; neans for obtalnlng

et or il nat 1B e Srsatnal PR RO, HBBAT (g e for updating

inBlubésal position estlnate wth the set of nmeasurenents
to obtain a revised position estimate for the
t er i medns fgoderivirg @ mghsusgmesit yeeipr based es igriniginl pasiiom estimate

%“nggg hQa&Hgngﬁgns for updating includes neans for
erl

ving a mnmeasurenent vector based on the initia
posi tﬂne:msefst foimmirgg anarweﬁvhteorsmmrﬁffoﬂmasetrcﬁmtmmmns
for form ng an observation matrix for the set of

meas UPESPE AT corEctigR MeiprRse e thedraasyrmgpictegtor and the
&@éggngmnﬁgg(gggsurenent vector and the observation

mat ri x nmeans for updating the initial position
est i nmeansvipt ipdahieg dwrinitiot pasitionasstioate witilthe Aoreg®nwector.
unit in a wireless comunication system conprising: a
first receiver operative to receive and process a

recei yed shgi@liver @nRiPY WikBled@éAnmunication system, comprising:
a first receiver operative to receive and process a received signal to provide data
for a first position determination system;
a second receiver operative to receive and process the received signal to provide
data for a second position determination system; and
a processing unit coupled to the first and second receivers and operative to:
obtain an initial position estimate for the receiver unit,
obtain a set of measurements from the first or second position
determination system, or both, and
update the initial position estimate with the set of measurements to

obtain a revised position estimate for the receiver unit.

32. The receiver unit of claim 31, wherein the first receiver is operative to

process signals from SPS satellites.



for a first position determ nation system a second

recei ver operative to receive and process the received
wGer@aabe2s@ provide data for a second positi ONPCT/US2003/033124

determi nation system and a processing unit coupled to

the first and second receivers_and operative to:

obtain an initial position es?f mate for the receiver

unit, obtain a set of neasurenents fromthe first or

secona3-pos iThe oeveivae bt of dlaitm dh Wmie the secorloeteivaangoperative to

ﬁ§Mt%ﬂhﬁfr“§im @ nlngn e Wi J\the et of
SEULTS SR QAU T PRV é %P“HSEPIF? 5 SSE et o
for the receiver unit. 32. The receiver unit of claim
31, wherein the first receiver is operative to
proced$ si dhareservepunispslaig: &, Mheesin thamrogesnrdsHether operative
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35. Alocation server in a wireless conmunication

system and operable to determ ne a positi on estimate
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means for updating the initial position estimate with the set of measurements to

obtain a revised position estimate for the terminal.

36. A location determination system comprising two components:

means for obtaining an initial position estimate for the terminal in a first
component of the system;

means for communicating the initial position estimate to a second component of
the system;

means for obtaining a set of measurements from at least one position
determination system; and

means for updating the initial position estimate with the set of measurements in

the second component of the system.

37.  The method of claim 36, wherein the initial position estimate is

determine by the network.
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