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rel ates to conmunications sySt®ff§. Mre specifically, the present invention

rel alt es to systems and techni ques for 10 1 Ioc_ati ng theﬁpositi on of a :
Description of t ook KEM AND MELHOT EOR DETERMINING THE, o | -
wi rel ess networks iBROSIPION i@FnABWIRELESS GDMA FRANSCEIVERS'

desires to enhance revenues by differentiating service offering fromthose

of conpetitors. In addition, i n June 1996, the Federal Conmunications
Commi ssi on (FCC) mandat edBAQ@KGR O NIDHICEHEndN YENTION (E- 911)
service. Phase | of the Order 20 requires that sector and cell information

be set “back to the PSAP (Public Safety Answering Point) agency. Phase Il of
the Order requiles tFadldidfetHeotmvemmomt the cellul ar transcei ver be sent
back to the PSAP. To conply with the FCC mandate, 77,000 total sites are to
be equi pped wi th,automatic | ocation hnol ogi es by the year 2005.,25 Many
Lechnl ques are. BBEN ERRb BYREHOD THEEF de SaPURMTIcAt s T BIF R ol TreL .
One techni gyif@illy GRNpréididvetiores rdleasuLd f?stélﬁs tadrfee tethnighescryrof
arrival of signals from a nunber of cell sites. These signals are

t ri anglfl at fatipgether positicst fi orwvirakess feansenittaonirom code guy;xotnhimuktemlleni que
requires a_high cqncentrati on of cell sites and/or an increase in the 30
transni ssi BIFPHWETCBF the sites to be effective. This is due to the fact
that i n a typical CDVA system each tel ephone transmts with only enough
signal power to reach the closest cell site. As triangulation requires
communi cati on Wik h atDéseaipttidmoééhe Retatedtdr: concentrati on of cell sites
woul d 0 5 SEP 2002 WD 99147943 PCT/ US99/ 05583 . 7 have to be increased

he,si I f ' | d be i d.
any ovbnt - cach CAHePRFR e e Ao o, TR PR S8 Phinene

nunber of geivensibyesegulafoty bforces aieschitiershalegires ol BnargRalrep@vass Bywoul d
add to the weight and cost of each wreless unit and increase the

| i kel i hood défferentiating sardce affemng fremy dhese,of competitarrdi tngdditipa, in

triangul ation a agh es npt [.1Q. of fe he. accur requi red by

t he FCC rra?fg%? e.%%zof}hee?pea@{%?gagﬁggrg?%&gloo%ﬁ d‘;?é}ﬁ}s’%{%\ VeSS anandafed; on
of GPS 10 @@FFBEH fdroehharieidne aey d1an@-9vnaderiicet OPhAiR EofltheaDrder

t el ephone. Al though, this approach would add significant cost and weight to

the wi p@l esequines thatgestee and icgll- bifosmghiont def st back ¢ Ithe cRSABRN@wWidiel d be

sonmewhat sl neverthel ess.. I\t _i he ccur roach to. support
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i nformati onodaRidref Whe edlbdar Wririsceivdr Batseng babiete thé PSWI. eTe ¥dmply twethoul d

| ook in frequenCé for GPS carriers. Most GPS receivers use what is known as
I

a GPS sat elthe t ECl mandateo 7n0thitetal ssitesareh t9ePro?qHiRPEY WHE rdademadic i n
t he freque@(?gaéﬁ)g{crﬁéc%%g#gigs E&%%bb‘{?&%%g' visible satellite. The almanac is

a 15, 000 bi coarse éneris and ti me nodel data for the

entire2gonst el | Many. tethriquekosreabéing donsidured! toapesvide galtdiigict erapiew tion
of the satellite and the current time of day is approximte only. Wthout
an al manac,capaRilitps Pre dechaniquss bemng gansiderrd inyekiespmeasyriang ithe udmey
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attai n additiona
triangulated to extract location information. Unfortunately, this technique

requires a high concentration of cell sites and/or an increase in the
30 transmission power of the sites to be effective. This is due to the fact that in
a typical CDMA system, each telephone transmits with only enough signal
power to reach the «closest cell site. As triangulation requires

communication with at least three sites, the concentration of cell sites would
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25 information that will aid in acquiring other satellites. The si angh SEP 2007
acqui sition process can take several mnutes due to the |arge nunber of
frequency wORY419Hat need to be searched. Each frequency b i PCTALS99/08583t er
frequency and predefined width. The availability of the al'manac reduces the
uncertainty in satellite Doppler and therefdre the 30 number of bins that’

nust be sea{fke@d belhrecreaéel bt tike slgmbpowazroftenchxiiretdse dirfif vouldehiRSto
navi gati on nessage or sent on the down (forward) link as a data or

si gnal i ng resiwmgased. t he receiver. On receipt of this information, the

recei ver perfor GPS 05 SEQFZOO% 991 47943 P%/U S99/ 05583 3 si gnal
processing to d(rj?‘e?w Rt LACHTTER VT3S BT S Up @é(%l?? y ‘b 186 at
faster, it jﬁl#]ﬂeeﬁé:ﬁl{%gb? Q@g{ﬁ%‘ WRREA theOfo P cbithe - Fherhdl i Qidhall 88%terf OUT

satellites. I's may probl ematic 1 n urban environnents. Hente, a need
remai ns5i n wheldradd e the fweightaamd rcaste oredch nwerglesssuinét Gnsly ste@easer the
technique for |ocating a cellular. SUMVARY OF THE | NVENTI ON The need jn the
art is addriékeléhpas Pgel%t)ﬁﬁeéﬁﬂ%dbﬁ%‘f%é?d wireless M5eR eselit ?%&é’rﬁ”ifoﬁhﬁox

ence 1 ho FIESA abrBack bt RARPSEI (it e bty B ALRT R o,

usi ng rangi RGC mhadaed.ion froma terrestrial system timng informtion
froma wireless unit, and ranging information from GPS satel|ites. This
information i s cAmothed appropcbwbeing amsidered bivalves the adsitionnof €BS

rapi dl y~and Labby _.determ ned. The . nvent] t hgd i nchudes the steps of
re(F:)ei vi)igg aﬁégbﬁf rt%;%lgl?r\iﬂgt rgysftF?'Qt fgpétﬁgllldl%/t&ag% ﬂfeedcglll%%r a @Pﬁpﬁorﬁgs
satel | ite aas@eRRt, Stitigabhpbredtmwoeld adansignifeand c8Sanat bdighe @hdha
third signal forma third satellite. The wireless unit is adapted to

recei ve thewdrelgss sinjhalrequirendl |lingref-sighhstel tfonrf satellites; wouide bease

i gnal . cor POTESTRS, SBxL B Gunfeiedt it obechER cisb A3 Ao R 4 "B P
round trip gedagivnbsdrve&s. t he base station and the wireless unit and uses

the unbi ased fourth signal to calculate the position of the wireless unit.
In a sp&cific inpp theopocess athitd appraash seadgaiding mdoursation ¢e rthei on

(2 Lne T elaie by, MACHLAE Bl Sl Sy ol BB AERAAY

satel |ites. fghEPSi crfiersi MadtsGREredeivemedsd vonat B Rhown @B £ JRSEsiteditat
t he base station transceiver subsystem f%DETS) serving the wireless unit and

i ncl udes sagdnenae tp dvinimizeani warchipgrioamesh by Dbgpreseiveni it the frequency

information,, and a val ues | ndi catjn he, di st e ween e station
and each safertyraot iaeial BOR LR aFelld SDNCaREAR T § 1300 812
satel lig®, iieoarerdthethegdevarsd 2endanodelcaitaionttbd dittredconstellerioRUNTheer | p
del ay between the wireless unit and the base station and the el evation

angl e of eadnformagion tia. the glmyanaq rpgarding thp pegitionf the satellite and the
current time of day is approximate only. Without an almanac, the GPS

receiver must conduct the widest possible frequency search to acquire a
satellite signal. Additional processing is required to attain additional
25 information that will aid in acquiring other satellites.

The signal acquisition process can take several minutes due to the
large number ¢&f frequency bins that need to be searched. Each frequency bin
has a center frequency and predefined width. The availability of the
almanac reduces the uncertainty in satellite Doppler and therefore the

30 number of bins that must be searched.

The satellite almanac can be extracted from the GPS navigation

message or sent on the down (forward) link as a data or signaling message to

the receiver. On receipt of this information, the receiver performs GPS



PCT/ US99/ 05583 4 Upon acquisition by the wireless unit of the signals
transmitted by the first, second and third satellites, the wirel ess0brbEP 2002
cal cul ates the range between the wireless unit and each of the satellites
pm, pnt, a%g{ﬁmrespect ively. This range information i $chigbsdidt ed back
to the base’s ion 5 along with information as to the tinme at which the
nmeasurenent was made. In a CDVA inplenentagion, the time at which the -
wirel ess uni Eig}xﬁfiﬂ%ﬂegsﬁn% he ddtbdding! @) @dcatiBn! NVIRAS &Rt ’EHRACK kP @en by
the base station. The defay i n the receipt of the fourth signal

i ndi cati ons semewhabisstersitauffers from hesegnigempoat wéerdinehef-sightetcestsleasti t and
t he base stat| ddijt.| . | E&gsfor correcting
the wrel essrféulﬁﬁat‘ggg%l Swelg ?’Fa%ﬁpir%%%/@égég}gﬁ%{aﬁé e ?rbbi | e devi ce,
such as the base Heatd, ameedntenalihein dhe sunfer atfhgy asmrate pndsisosipensiiew t h

t he cell uéar isgfrasttruct.ure ut{ I itzes igf ar mati on known to the serving base
station, 2ucRYHEM isfesBRidpe Spr loppfg a i Y8t of the first, second, and third
satellites relative to the wireless 15 unit and the distance between the
wireless unit and base stati tQ C ul.at 4] of the wireless
unit. This is achieved by fi g@M&@Eﬁ’é@ﬁH%ﬁ rst sphere of

radi us cpl around a first satellite, a second sphere of radii cp2 around

t he second sat el | The, ne@ddina thehaftdis sqaldeessed by rtadi dystapd andotethddeoft thier d
satellite, and a fqurth, spgﬁrf of ,radiﬂ% cgl%_ar%?nd t he base stati oIn, 20
where c i1 t RECXRELAVHION grdetrmining Hie pRtioR of anyueltsssensteitrvilth the
first satellithe @apst F@@erm 58hRS IhéiNhientve ifiefhdd RSQURPHARNGPraRHOEH AL ed
with the second satellite and the wireless unit and p3 is the pseudo-range
associ at ed wideterEHBiRg Pogitioat 1ing 11anging Nfrmatias dsam miarresiisalesystin, i f a
i ne-of - si ghtyf e bERRALA) (BY St FikEk¥&asT: t AR %Iﬁghgsm&ﬁnmrg 204 the
base station, then the proposed approach requires asurenents fromonly
two satellit&sPanetelites. baldds dnéarimiionadgliceindinrgd itafadlomathe positom ahat her
base st atq=on,.,.i vat.l.a .Gan - r r

satel li tels5 A fsf‘félelggn%g1 |ltt lFJHa El’%‘?\@, aﬁé&%%&l}d%t{rw&%%neﬁg%jgﬁg(fﬁtp%cgﬁ ?@ﬁ’g are
needed, only ihvlodsattbe Istepssofaredeivitgg bhsewielass onit39 fastesigeddednsmiitedkey
advant age of S t S ed

W th wnioh tAS 7 RECERS bePRiRle 5aRind DA, HERSRRRES IS Reglf SIRES
servi ng base stalifeomdashird sigmahfa@Rca theicd satellite.aiftle wiel&ssSHiit is2{RptadD

99/ 47943 PCT/ US99/. 83 s _kno eudq-r anges, of. all tellites
bei gt acked ot s Sseces SerR aro Bnf BEbERU{ ANPER uelt e B <

possi bl e 200 deasniinerespsrear hbranvtdd dive Clease estatdord re@iaveshthi fislth sdigealf or
each satellite being tracked. The informatjon_is,sent the wireless unit
to increase t‘??ér%f?eg’a %’F Cltiﬂ% Bigs AW O8ES, O sf.oufﬂhf’lgné %ﬁ tg? 68Rn‘§nt155’ard

each GPS sat eddlay Betaehribk Dabd etativAiddg Ok Witeleby aadcast usds teeunmagdg
signal by the satellite. Each such clock is synchronized to GPS system
tinme. The basousthoiige g aiulainths Resitor jobthe espndlynchroni zed to GPS
system time. The whrel egecidl HinIOGBAQRLAES thd SHAL Cli@edn t QeSS Ly Wi th a
del ay corresponding to the one-way del ay between the base station and the
wirel ess #hi tinfaimgtign tafibe ruielgns Wten%bw@éimw iiprmatien siatusefli byethangi ng
signal that epah ne WL It ; : t ' S
transmtted f romle§§§ltggcf0%%ﬂ§§ts§ qIldliﬂjteet.h E%}}@éﬁ(ﬁ%‘%ﬁé t e% yttﬁﬁeﬁl\%ﬁggt?%g
signal was reasl wbid sdtelldest dilve ajdiaggeigndls omet Herised efrbit enfarniBidme
wireless unit e ed... I | of the,l ocatjon of
the wirel ess ?Jogll%t@ te?satggggﬁéeer%at\}mé%sH%f:lgec(r%ﬁ}eérr ts%‘f% Yo gg@l 19VE8 tcl)}ga‘fvllrgr? >and
radi us equal tnitt edcahdutled eshtellingeidentifiaatieas infermations Bopplerashifus! y

made using.the rangi.ng of ,two.ot her,.satellites, th ireless unit would be
somewher eg%n {r}fgrrg%tg?rgc%n%ia Vtarlu‘lleé;eméib%glpgst.he'l‘ﬁléfapﬁ? g’g&ep%eﬁ?sb?sﬁtsé?té%t sin
20 two poi nt sandeWaY sdtelli®d)| shd Aese@fcht Winddw B dsSodifiRd COIth egich Waldliess user
position. The candi date | ocations are mrror %qnggges of one another wth

respect to t hEepFeafeh SHERMhiSHS PHBSt fhigHated 1% the rQURE KEBt deldYe, the
i nvention i depidyfdeRSthal wiBRsPaS 8H@1th€basd BaBBn bR t@&e%ﬁfi&“drkﬁ@ ofor

| ocating the position of the wireless unit at a given 25 point 11 tine.

Thi s i nf or mat faah $adelfitr war ded to the wireless unit to facilitate the search
operation perfornmed by the wireless unit. In one enbodi nent, the wreless
unit can have several nodes of



operation: (1) Hybrid node using information fromboth the wireless system
30 infrastructure and the CPS satellites; (2) Stand-al one (standaqgcgp 2007
conventional) GPS node; (3) Aided stand-alone GPS node; (4) |nver ar
differential GPS mpde; and 0 5 s~~ 200 WD 99147943 6 (5)

| d
inverted di Y&P8%al GPS node. PCT/ US99/ 05583 BRI EF DESCFE‘@'#%QP@ THE
DRAWNGS 5 Fig. 1 is a diagramshow ng an i4I lustrative inplenentation of a

base station and w rel ess. ynit, of, a wireles 0 ni cat i, qn stem
Proe A ook BPS raRe by Ineliteless ol ok kS FABrERhe 1 &YSt om
10 Fig. 3 isfigdl, iskddist madi vardisapdllifes ethd epirclesntalii walcadatés ks erdfigat i on

constructed |n accordance with the teagchings of the present_invention. Fig.
4 is a bl ocklbﬂ'i‘%f'ﬁf‘ameo?"“teﬂ‘leésvbfr}lblaé‘gseal‘i i ¢f %‘F fz}‘i%ﬁ"‘?}?s Brh PER2 gEe M i ng t he

posi tion of ;@eéfk&tﬁ}xl'éi‘?.s TERMiadcimsSehmedn & traRSmRERS Bk tonhedak@Btatibd Fi 9. 5
Is a block diagram ot an illustrative inplenentation of a portion of the
recei ver , 9 coAlan@ wWihgrigrmatiosy aaethedige pawhirh themeppiemess wisripade at or

circuits of thﬁ'% %MA%&ilé&ﬂFﬁtaﬂ%ﬁ *%ge RiGS SO HIAY B WRlesE it PralnSpdf
illustration of a functironal nodel for determ ning {he Tocation of &
wi r el ess uni the @0rd-signalrtosthewses¢ $teticmisckiarn bpshobadehstatiwar The wielagaw si ze

and center i the ti omain, Fig.,8 j.s.a di am whi .0l lust.ates
correction oftnh? ﬁeecefpot(rzggl t%g F@’Eﬁ%?l al D) %gé%ﬁls 1o RIS HRRAENTI ON
25 |11 ustrat ibesvenbdak vein¢lsssnuhit aow the desscstabed wii haddgfied etoe detayt he
accorrpané'bng dra,gi ngs. V\hi(j e the reE‘ent .dnventi orp) ils descri bed herein with
ref er ence’t o AFPY\GSE AT FIRE 'Oh58HE & WISt PR APE U BMCcat i ons, it

shoul d be , 30 underdstizedetibatal t foethavesbileonleviceN@uch i 48 tied bhkekseltidpn Those

havi ng controller or some other entity associated with the cellular infrastructure
utilizes information known to the serving base station, such as its position,
the position of the first, second, and third satellites relative to the wireless
15 unit and the distance between the wireless unit and base station to calculate
the position of the wireless unit. This is achieved by finding an intersection
of a first sphere of radius cpl around a first satellite, a second sphere of radii
cp2 around the second satellite, and a third sphere of radii cp3 around the
third satellite, and a fourth sphere of radius cpb around the base station,
20  where cis the speed of light, pl is the pseudo-range associated with the first
satellite and the wireless unit, p2 is the pseudo-range associated with the
second satellite and the wireless unit and p3 is the pseudo-range associated

with the third satellite and the wireless unit.
Note that if a line-of-sight (no multipath) exists between the wireless
25 unit and the base station, then the proposed approach requires
measurements from only two satellites and one base station. Additional
information from another base station, if available, can be used to further
reduce the number satellites. Also in situations, where only two-
dimensional locations are needed, only two satellites and one base station

30 are needed.

One key advantage of this approach over other known GPS

approaches is the speed with which the wireless unit can determine the

pseudo-range. Since the serving base station has its own GPS receiver, and



ordinary skill in the art and access to the teachings provided herein wl |
recogni ze addi tional nodifications, applications, and enbodi ments 4 S&f 2002
the scope of the present invention and addi ti onal flelds in which the
present invention would be of significant utility.

991 47943 PCYU8YdHd5583 7 Pi g. 1 is a diagram show ng an i1l us%wafl ve

i npl enentation of a base station 10 and a wreless unit 20 of a wireless

CDVA t tem, Th i . ed, p
LT o oo at Ak R bElar 5 s FRBT L' SRR SR Rk MY SR
wirel ess uni theGeriirg basdi ﬁ&ﬁﬁﬁﬁ)chﬁbrﬂ 1G§$>o(s§ﬂ)1‘ebtal d&@ﬁhmomsmcﬁwhaaiv

envi ronnment havi ng several GPS satellites, four are own_ 60, 70,
50" and 50, SHENEEE TS IS v el Rb e ke tRUIS dckpe  The

Hof mann- Vel | gafenatn, identlio th&mirelEBait a0 Gndte@set tHeespeal CNthe Bgliakdron, New
York, NY: SpringerVerlag Wen, 1993. Those of ordinary Skl Il in the art

will apprém &ATECYShat the 10 present teachings may be applied to other
conmuni cati on SySteas is, SUGhi@Snishyanasd m%baakéllah&ﬁﬁraﬁm@mr&%wg theG obal

system for nobile conmini cations (GSM, etc. wthout departing-fromthe
scope of the hypedaant of nthentrarging| sigaak \hyi ¢he w@taellitpppl Eeeh i vish alockedst four

satel l'i tes ar ]?ﬂ)'ﬂ'l%e%dto GPs g'gstg&q%ef %1 %aga:) §a{18§ ls}ﬂecronEa?rt\ﬁqlg ?ocg:&ﬁgt its

posi tion. ras t’he Sent Ihvention provi es a
appar at us f OXlS dgthMMeﬂgtct hﬁ”&os;mtémomnef dhei wigkelss unii tsy@€hrosizeg ionl y

three GPS satel |t he ro el a ewlrele unit to the
serving bdse PP eépsi%)‘meaﬁ’d Fléle “’158@%‘?‘5% tF CRERY IF ﬁémﬁg‘g‘ée%t ation
10. I n cases thBesse tshaton had ahdlvf/ﬁéltesé uni- oTiRinghtinfddmaviah| abbpbedidy two
GPS satellites, hg}g‘ld tr#Feedel ay and. t he known | ocation of the se"w ng

base station ¥ & siehiFe tpnEng stenpk thet Gpklies die prqless gnifity calsujag

bl ock di agr amvRén ah&lidhat hdsutkaisniiake Fhemea mtf&r@awmeThsy&)é@&amg3%e
i ncl udes a nobil e switching center (I\/BC% 12 'havi ng a base” station

control | er (B5ep when fhesighalovasrecetved. the eisiigne (FragabfRIy ﬁmtelilee fQut es

25 cal I s {y onrleed,6RRANGN! Eh‘?\sb@&’&ng&!%@r Ashvweslis t(\QQ(Bcu%h&Vm 1b&atRypdof rom
the MSC 12. The MSC 12 routes cal fromthe PSIN 16 to and from a source

base station the wirsless anitdisvi spheze Miths renter pt e satellite losrler aalseadination
11 associ at eds W hoachéec%%qjat&?lrlangér If § rﬁéi.ghtr%agmt H@%l%ﬁaljfgo 53’;"1{? qealls

bet ween t he ba e statirons 10 he source se statlon ects calls
to the first BOngithel sangingi of zwwnthﬂrnsathlélters”t@e wdtrdlessgunita veoulidr be

comuni cati on 8 t -] i havi ng
a forward |i ni"'ﬁ%‘”’gﬁ% %n ;He?%g}qge ﬁ@é,l?Q rpél’;"clg %%hie% %eﬁ\é%%lrgéed gs1t(rélt| on
10 has es2@bl tveheaims,) hemeaanumﬂgfabn@nﬁ thie t pointse 1sfvtlteelcesectuwihtele2§) usehe |ink

28 1 ncl udes s Lgbll ory. V0.A9LATR43,0,5,9FR, 2009, PETL U899L.05983, B shgnnel

Al t hough eachPbase stati o I's assocl ated w base
st ati on cont r odspect tofthe plgevenmisinorg the thsseomiteltited. Wi t h base statl ons i n
several cells. In the best mode, the invention identifies at the base station, three
best GPS satellites for locating the position of the wireless unit at a given
25 point in time. This information is forwarded to the wireless unit to
facilitate the search operation performed by the wireless unit.
In one embodiment, the wireless unit can have several modes of
operation:
(1) Hybrid mode using information from both the wireless system
30 infrastructure and the GPS satellites;
(2) Stand-alone (standard or conventional) GPS mode;
(3) Aided stand-alone GPS mode;

(4) Inverted differential GPS mode; and



When the wireless unit 20 noves fromthe first cell 19 to the seconQSSSEc?e?Iﬂq?
21, the wireless unit 20 begins communicating with the base station

associ at eqyawd/rolire second cell. This is comonly referred tRCHEES®/05583
"hand-of f" to the target base station 11. In a "soft" handoff, the wreless
unit 20 establishes a second conmunicationselink 34 wth the target base
station 11 in agshi i QdH badtip@ebletdSAiffRBAHAI CHS Aibdd. i nk 28 with the source
base station | 10. After the wireless unit 20 crosses into the second
cell 21 and the |l i n k with the second cell has been established, the
wireless unit may drop the first conmunications link 28. In a hard handoff,
the operation of the source and target base stations typically are

di fferent enough that t j j i tween the 15 source base
station nust be dr oppe£&ﬁ?8€$&ﬁtﬁiwwﬁﬁ&mlﬁé$on can be
established. For exanple, \Wen a source base station is within a CDVA
systemusing a fd.rs{ . ng_ t.ar S I S | second
CDMVA system usi r%é'af é%é%ggﬁﬁéqsggﬁygbg%dﬁ%gﬁgtgﬁr g’f@l@ﬁﬁﬁ“%l & %oqa(g%e
abl e to maisptgirnahd Nksreleds aiih ob aswireledsi @BMANevinmihicktion HiggeDSt 20
wireless units do not have the ability to tune to two differerit frequency
bands concur r enthiig. 2 Wh@nblogk cﬂaggamwpyémeszf,e@ml@ryzé?w\fegeﬂum telephpnet
cell 19 to th@ second cell 21, the link 28 to the source base station 10 is
dr opped andY2Fw link is formed with the target base station I1l. Fig. 3 is
an illggtrative mgnpl isf hpdiinapreientsanplifial rphesentstioni 60 al®a2d station
constructed in accordance with the teachings of the present invention. In
accor dance canstructed BnBeenrdence yishuihe teaglyngs oftthe presentinmerdion1o i s

essentially conwgntional . . hn . nag i hodi rent., 1 base station 10
i ncl udes a)d/di ti \cﬁ& & Llﬁi& ibé%ﬂﬁaﬁlgé%ﬂ%cﬁg a%%g&“/?@%@ﬁ‘gi% 8{] gtheoﬁyf%m for
determ ne tfi@eRAihEOthOTpdsitlbh ebxe:asmnél_éséQ:Dn@Avxﬂrhhsd@W&rr%fC&@alrprégeam the

description 30 provided below. A conventional base station 10 incfudes a
receive CDVAvent®Mma 42 for receiving COVA signals and a transmt CDVA

t f t 1t I |s. Si | i ved th t 42
are rodfed to a FBed ort BIOh HigRE; of S SRR pe P TIRtAGEY of 2
demodul at s of O ERIFO02cHRIULANN I HUSIUASHI Thd wicless

interleavers, decoders and other circuifs as wll be appreciated by those
skill ed i n démodulatorkircnits aif thg wingless wnit0f| theapregenvinyendimr.opri at e

channel for whi a.rate detector 60.,is ciat ed. A nt r, ol r.ocesspr 62
uses the rate of lghtg ﬁe?réclﬁélaﬁggaﬁ‘alc’ft% fgz\%glgpaLpré‘ggﬁ! Céf))f g?)tgégﬁmir@ Re
det ect ed i NoRafi6s Of \erifelbédsaimit. t he control processor 62 switches the
received frane to a vocoder 64 via a switch 63. The vocoder 64 decodes the

vari abl28 rate entigdéshomptiie ealdulatiorisdes the gegrah windowt pige aridyceriter pn
response tht ret.o. éhe digitized devocoded signal is converted to speech by
a digital -t%€aHTl%gFMPerter 65 and an output device such as a speaker

(not shown). 10 kigp8tis apgRGParhWHich Nustaiel @bereRtioftdiahe 1684l 166Vb&E. (NOt
shown) is digitized by an analog-to-digital converter 66 and vocoded by a

vocoder encoder 68. The vocoded speech is input to a transmtter 69. In

gga\(,:\/it : febet he tr ansnibﬁA?iéﬂcb%éRrﬁpﬂaﬁeréF fﬂf&%sﬂﬁﬂl encoders

25
Illustrative embodiments will now be described with reference to the

accompanying drawings.
While tlfte present invention is described herein with reference to
illustrative embodiments for particular applications, it should be
30 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 of the present invention and additional fields in which the present

invention would be of significant utility.



appréeci ated by those skilled in the art. The output of the transmitter 69
is fed 15 to the transmt antenna 43 . Conventional base station [}11@ LS aI SO
equi pped with a GPS antenna 76, receiver 74 and tinmng and freque )> bikiY
2. The tim ggﬁgﬂ frequency unit accepts signals from the(#964388 ne of
the GPS recéYQ/ q d uses themto generate timng and frequency references
for the proper operation of the 20 CDVMA system Accordingly, in many such

CDVA systems, eachpigeh lis §idifg & shdwidgSar umtﬁaﬁ@ in@p e rRAeAidT @ abaseh all
time criti cal CDMA transm ssjons (including pil l Zfﬁuences frames and
ef’tsl

Wal sh functi oft@fiorr &0 @adi ¥ agirele MngtoRY ¥t dviag YlahgommeyuatPnuni t s

and GPS engi ngssiahe TRETERS IS 5 RIE 1@@@rr€ﬁﬁdé’@|ﬂ knAWmes g Rggart .
25 Conventional timng and freq uencihunlts I‘OVI de freq uency ul ses and

timng infornmgrowid baped ohstaelss S0t hehe jhape gtadion 10 @&GeWéWQ?ﬁNmV?qulret he
present | ”Ee“td'sg% %’&%f 'ché"!aaﬁq?d%md}lfﬁé S(sz@t%rrﬁ &vitd r?t”?%\?m PSEAID
Identiflca do

range, satellit ron (i ol se associ at ed
with each sat §RS seatellites) bhevkﬁiohnpfoeur gﬂm shovais sofl; i 40, i) and hOkaGuchatiSl i t e

00t L 2 e e ok 7 SR DL

i nformation islf GRS Thbyry awadl Brlakficepi Sebomd cldivienf iINyval YéiliYi NY: &pdinfgeequency
ovided to external devices.

units, but is_ty 1y ne|t ded nor

The addi ti onalV qrﬁgo‘%hl(%ﬂ 513@?@@? orddpesy oilll 5 bepio o6 meredRisshestEs 10
provi ded Ry t hgeddnftOdhd Mk HeeRPYiednb bied dcmRuiaiRRl Yysamuniaaied to
the BSC 14 in"the sane nanner as i S conventionally done mnth regard to

frequency and advanerst i WpBHemPheRe | sYdeRorddeAEDonGilosds eysiemt ifon. nrkjle 4 s
a bl ock di agr ag,af,uhlG¥hs eL ), UBict %QtﬂdﬁtaHEO&g gclf%om the Q28 Bé maedi ment

of the present 1nvention. e wreless unit 2 erably i1 ncludes a
bi - di r ect i onalprasgrénimyenfiondapt ed to recei ve CDVMA transm ssions wel |l as GPS

antonnas my be- usgh § PIGIAERS PEREA) 4 Rall ERE Ko NS R RER R ©
signal s, afd airder fai g@RSgecavahimdetaimarenis matmysthrmemtgml the preseft
antenna 92 bt SLARNY phARAE, RoURNEIRS Rl UBLENRLRY E SRLAR K ces
subsyst em 102 pwinelade sindin2l ogngrtdxlydltgreheﬂsPS edtelliees; ehs irgmad srip aleldyhfeom

recei ver 100, contr ol n interface 30 d the,transm tter. 200, as
W be apprechREHess: ERESE ki FrEns; 1t REORP LD ERARpIIEM L IRTESP P
provi ded by a the @avm cm%rs@atmm NoUiTh dddds wherertBeehodi diestt lofe-6thaght esent

i nvention,_ the con nal i.nterface 30 di gi nal processor
(DSP). Al t¥% naﬁ"%f’{? only et Oé*r%nfaw A
circuit capablgr b s@@ﬁxﬁgba@emgaw 0 6Re@ired wcdch@rbswumgs eantaol signal
interface 300 provides control signals for the wirel ess unit 20. The

recei ver 100 provi dag 4 i§ra blag diagtrm b g fdiMp E@Ward@%%’h@@ﬁ\?)é‘i*%mo}@ akle a
first stage ofgjspieBOIRAIALS 4 hﬁmﬂ%r&%tcﬁr{: c @mmv?i ﬁé\ﬂ'ﬂé ao‘bﬁjée%'tit%n I F

application sp cific integrated circuit (ASIC) 400 provide a second

stage of IF tocdmgél@aﬂéﬁ@ow 6<mkémsﬁvatﬂheéatﬁ#9phﬂ@e a\ﬁtf/vwlo(l%ﬂrw)el@r@rteSA
mobi | e denpdul gﬁ&erﬁ&ﬁ' E1epOns BRALS AR ARG ﬁ&wo%kgklg& oo Daselapdpdata

fromthe digit | F ASI C*400 to ascertain o-ranges as di scussed
more fully bel M&C TheThe ddHo-12anytes, Caﬁﬁé\’@\ﬁh@ PSRy I@doC@beroaataasourse
passed by the t e taly 044 The
digital IF mdﬁ%gt%%lcgbggd#%@&gé%ﬁgﬁ |E§)sf{[r£tsCeqf 3 % up c vleﬂrag% gfnat%é H1
data received :ﬁssomateldewi‘rblmdeeomténdhﬁ] almarddiﬁm the Qﬁ(bmﬁrmtaxgealbfbdt‘&veerp

f (r)g\rﬁg:nslt ? gr ag?ﬂ%ﬁ?a{:\égfg%lons Y)eIif %eosourhe%aesess!tgtrllgrll %Oicﬁre[(): soga{lg t% girs?
30 wireless unit 20 within the first cell 19 via a first communications path 28.

The communications path 28 is a two-way link having a forward link 31 and

a reverse link 32. Typically, when the base station 10 has established voice

communications with the wireless unit 20, the link 28 includes a traffic



These signals are then transmitted to the base station 10 and proceﬁseﬁpi ﬁ}
accordance with the nethod of the invention discussed below 'It shoul bd
not ed t hatwboear94sn i nformation to be conmuni cat ed between tPET/UFIHISEESS

0 5 S~P 2002 WO 99/.t7943 PCT/ US99/ 05583 11 unit 20 and the BSC 14, such as
pseudo-ranges received by the wireless unit 80, are preferably conmmuni cated
by the wirekBafinehi Althnigh édvh basestatiohilon11@s ussbctatddtvaith Wy dnePeell a
message, such as short nessage service (SM5) defined by industry st andar d
TI A/ EI A/ | S- bage stafinn stoadradiert pétene BeYerE\Se0l it dssegjated aystbc basd stationsuch
nessages are traqsg'!tted t hrough the base station 10 to the BSC 14.

Al ternati velsﬁ‘,’e%? y defined burst type nessage could be transmtted by
the wirel ess unitw2@nt thd RGirbREE (i8R0 HS fFdd. tie fifstaell Bk %@QF@dﬂ&f
an illustrative inplenentation of a portion of the receiver, control signal
interfac®) deli 2Bl theFwiasidssnimit e20 beginsoduinat wnicatinguiwish ofhet basevistati®@s s
unit 20 of the present .invention, Q‘g[]e E,r ansmtter portion of the wrel ess
unit 20 is @ssesited With thesecond eqll-¢ hBistip sATHNENYY referreddr asra ahand-off

i | _wirel ' har, ef ~ ‘ hergin. f.or.
Cokeof  br eupr Y1 ER sk ARHONIATT, ThPa "R pAREHE SEE, DGR \Bit ' 6

i mpl ement ed estdBlishies ot sedoghds onnrupidationd OBnkres hath tHE targepbaid sakivn i ch
are connected to the antenna 92 via the duplexer 94 via a first switch 106.
It will be JRRGditioddmihe Aesfecammuyrigations Hink 28 witht thepseurcathage station

bet h - icat i Qn ' ' ld tak
o ace. IPT e AMTAIRY, HATTHRIER LA 9B iR Wie etoh Sl BH xRt e URHE
coul d achi ewgithheneopesid «@llohas eefir &3£81ishiedy @hé i witreledd uiie rhi Sclrlgl@aﬂhe 103

downconverts recei ved CDVA si (lg.nal s_and provi des conventi onal
downconver t €iFss ropymnugiigHions Imke28. rst path 103 includes a | ow noi se

bandpase 111 ter 1962 Prn ARERE s FaROR o bl SBabd B Solffene
GPS satel | i tgpi@lly 41 didferent 8RoafhRhat tHe cdhtmups@bridalinklibbaBwiditknees

a second | ow noisé anplifier 110 which feeds a third bandpass filter 114.
The out pbt ofourke besmatasion miust be dropped befqret theolink sechadtangetdrase 3¢atide

tput of th ' is fed t t h_band filter 128. Th
FiTor and seaBhaeHANTar, Fab ByrrrR HRY 8 SEOREE L3en iR I F Avahes 122
and 124, resppNiiaYsystem! t8idd aStiraNHeg@GRYUbAd andOtrkb BhSY Stakidd 3Gn 124

operate at 30 different frequencies under control of a dual phase |ocked
| oop (PLL) |3somACEMA Histemnnysingsa secondetrequencyabandcthel wireless2@niandill 24

mai ntai ns a reference,. frequency.effecti to d convert either.a received
COVA oi gnat Pt BRABILE OREREY fiks, fo b, babeitbons ChRtumenty cpile Gogt
in the Q@se wireledd GnfisEdd 0RaV® Bl 4By BCUAERD/ QoS EDiftblertl f eﬁ@}éond

m xer 120. The outputs of the second and fourth bandpass filters 126 an
128 are coupbands concurrently] PAGwn ithe fisd wirelessnwnit i20nmovgssirgm thadirst

g el 1 F AGIEE00 TRk Phe o P BB IR o o B8 Sk ek Aot d s

under controlir@ppddiandanhew lisk g ébrohéd iftage B0fet WasdistAtidn a1 ecei ved

signal for voice or data output gi(ryocessi ng in a conventional CDVA manner or
(]

GPS processi ng by Fig.thisran ilueiratige, simplified, gappessatation af abase station 10

The. secands Sate ieelin” eianes Srfdaelethgd deouft Brading SROKFUER HHo
m xer 404 coaywrdantdevith thepeirtsbdingmal showas evaFig. 3 Ttiee basd efatidbn gaiis

controlled, signal is fed to an anal og-to-digital cqQnverter ("A D') 410.
The out put ofsseRsialyreanyentipnaldeln anfaliespatyeiambodimentnthe base skatian 10)

gt sed s BiRGRE REAG L W crRhTER ig HRHR M REREIRER ) difermingse
processes t heh&Pospticinf AndraleéPunst 2haspeiliBecdimer Aefroff ehémdesOfption

required for position determ nation. In an alternative enbodi nent of the
present ¥thveprpvided helosut puconvestionak besw stadiemn a8 sneliudesr s recedve 10BMife

fed to a baseband appldcation.s NLke dkntegrated circujt Q)_.which

i gi tal by cottitnd BRof Fer PR RCOMA e BRHE arshit |GoREA AnyhpE for
filters 126, (Jdni@nRASEDMA Sidtha®it Bighalared@ividd BthOfandetid a2 ¥Rl Haselhat
represent the quadrattire and in-phase baseband sighals. These signals are

t hen appli edt®oa aeseisechid.. IMhpractmecitbe neceizer et iimgligdes ddamodulators, de-
conventional searches used in CDVA denodul ators. However, the searcher that
is preferably used is progranmable to allow the searcher to search for
either a PN code associated with the CDVA signals 25 transmtted fromthe

base station or the PN code associated with the GPS satellites. The
searcher discrim nates between CDMA channel s when



Feceiving Cl?MA signals fromthe base station and determ nes the GPSU5
satellite fromwhich received GPS signals are being transmtted whenVi nSEtPI*Z@ﬂZ
GPS node. i Lion, once the GPS signals are acquired, t%\f‘f‘s% 30

i ndi cat es \&ﬁeﬁﬁ?'ir‘r‘e of fset associated with the PN code essentially @%ﬁﬂ
conventional manner in order to determ ne the pseudo range associated wth

Chose ski || BHSTRAYHE. oieebders g Guhnh s oo s euibohsy *pRRGiialSq) Bcwoses |
will be undgxg]mfee% R ért@.osﬁmeskédeli\?%ﬁ ggptah?s @H&catt?@ttf)aandgﬁé%cﬁ% T8V aH ]

process, su as I1s showmn in Fig. alternatively e conversion

and | F sanpfémehichchnagpudetectorl 60 basscatetlo A ronlirobptdressorpd uses theargteQ
sanples. Furthernpre, the structure of the ﬁgbodi rlr’gnt 5 shown mFig. 5 may
be al tered Phtharmeteepd signal fodetedioPesst-edt SPagctopeAstectsd &t a Kecsivedent

i nventi @n. [.eX i . I Al r sar ed
bl ace of e RE o8| BROERN! B2 RRROREIRRiC R PRE Y s TR 13
required ifvide siatch 63. Phieclbcddesn 64 ldevsdéstheugitidble raeséremded sigahl hRat no
buffers are required. The bandpass filter 10 406 and autonmtic gain control

circuit 408preyides amigitizeduautputcsignal in cieapPRse iBeretorp| Ehendigitized rde-
digital techniques or analog techniques, ,or_of.her, wise.altered. M ot her
such vari at PraAED stEnel & FORYTET B, ERD 1 MR- 55188 R Vet ane
wi t hout al t gpi LB @l eh i\t dHORs al—‘g;y'ebta@,rmyte_\,hown);shoul d be noted that an
alternative enbodi mrent may have greater or 15 | esser sharing of hardware

and soflOnar e r esdupetspeethnérom whmigeghane ori otber inputedevice (noFshowd)iis a
hi gh | evel hlock diagramof.th o) nent s _of co ni cati,opn system whi ch
i ncl udes thgl%ﬁ?‘éggn‘?)giaﬁ\/éﬁ‘?}%.?o'ﬁﬁsqg%e?%ﬂ‘fed%r |%ﬁ o‘f%&ﬁgg \?W t% Yogoder

i nventive nmehbgder 4816 TREGokbdeaMpREER iSIRP Ut Uo lanfrensMitkéNed ! ¢ draetifOthiol
processor 62 (Fig 3) within the base staftion 10. This information includes,

but is not trarismitter o069 anclustes: meoduslatarsi interlpaveshtand bocodersi anavilbyet he
GPS transceiver. 74, (Fig., 3), .t.heir. evation angl e, ler shift, a

pseudo rangé¥ pé?mﬁtegp iﬂ??%é ?lflﬂﬁé ‘f\‘lgbg at afh? RB&@SO%EQFW‘&{E’ tér?em[}gge
stati omsl0 hashERrdriadRtshtbRh®gat i on on the |ocation, 25 frequency, and PN
of fset of each satellite in view, because it is always tracking all

satel lites that &anventidralbasktstathen iL0ds plso equipped withtd GiPSlanteonkad7&end

Fened by CTRCGFRE P48 TR il Rt RET: PP “Bhb uSRetd T ey
vi ewed by t I"Es ' : t'He i
stored i nf onjHat hedkpte Spindild o ¢hé Ur¥eéngindt oF MadGPSirahdivef ahldeuses rHandi ng

30 buildings. That 'is, 1f the base station IO has the ability to determ ne
that the w rtelganeratei timing| andhfrequencysetenenasd for éhe giroper operatinre of the

satel lites, t se LS :Qn. 10 will. not.s informtion re di,ng

t hose s%(?el I¢$§€At%§f&§r eAS{‘)@HlﬁE{yé&p maw\/ %’%ﬁw& SﬁStgr%sCfeaféo%zﬂ site
PCT/ US99/ 05582514 GPSshizHe d blse nef@entdafrotn CAMENt BRRN@mEPeritieslei TBMAOL es
the time at which satellite signals are received with respect to the

recei ver's itmurgmissiaoes(ipichidking-piley sequenies, risemies eands Walshr functio?s) careck
is not accurately, synchronized.to ,"true" GP$S tine. Therefore receiver
cannot knowHrevedoR0ER SOV ortal bintiRe A redllency s, it G ehftss

si gnal s are dreceion@flonlafrer CIMXQVE@itémen aadgQiret MRIFOKRBW IS R Sher rfaf. by
using a_fourth satellite, That is, 1f the clock within the receiver were
accur at 8Py yonvertipnald tiping cand deequency aehits spraivide efrequencya psdsaseandonal
GPS receiver,, .equi r satel:lites rately.. defer.n ne
the positi onn)g{?H% ﬁg?&é%&{l\ggf. Iﬁoé%\?/\%\t/e?‘fe g‘#\‘%‘ 3 kag fr?%@%n\%&ruétoc 0|trs1ghr§’ot
accuratel y syresenoirvaedidroptéferatsyedlso batpuislthelelewvtibri anghel pselids rahgen i s
required. This additi ongl I.nformation ‘i,fi provided by noting the tine at
which a fourgteldisg ddenpicatian gl pseyds oieed (b)) pftset casspGiated with eagh pe

" under st ood | ; - 10 L+ 811 [
assoc at od wathTield, P POl ShG: ABERA Bikeanet salis M BIDR APl
nust be3Bol vidk (iredess thit 20 iry acquitirgg eeosatietitesdi.of deareaseahevanhouandf he

error in the receiver clock). Therefore, for three-dinensional solutions,
at |east foutiMmfesdWiEstehe acanym 3 satelldex r Ehisnintermariont & typicalhegypilable n a

conventi onal , 4ps, " 8680 &iftional timing and frequency units, but is typically neither

needed nor provided to external devices. The additional information



In contrast, the present systemutilizes a earth based station whichi -?%[]2
synchronized to true GPS tine. In one enbodinent, this station is a

base st at W&9%4fM3wi || be understood by those skilled in thePSFUSPHIISSTOMA
base stations are synchronized to GPS tine., In addition, all wireless units
that communi cate through such CDVA base st¥tions using the CDVA protocol
are al so syrotidethbyetietttmang ahfisfeequergyt ume 7ehiscpreferabry goenmnaneatéd to
wireless 25 unit 20, The offset in tine is equal to.the one-way del ay
caused by theeBpkokhimithensasne (TRaNPEHi 3 §i goRYeRYeRR Y RedpRE ewitharegaid et enna

to the wrgless uni ntenna..: This ts.d f the wirel ess
unit sync hiTSAPRS P{\g‘%&rﬁ-\&g{ ‘BV‘F’%&?S‘\/;‘ES %bﬁ'\\%eg\éicg\gatlib%%ef %tgﬁ]gphe base
station of the ﬁgsalti'srseolobpwa@ram by thévitdlads thi 20N séddrdanad WiMesrat the
wireless unit, the 30 indication is in error_by an anount equal to the

propagdt i oemdediyent coluthe rpresent irvemdonri gnbine t waxeless furiin hepusterably

tati to.th i rel it, Thi ti del det ined b

measuri ng HRROr B eseaLaggat BTk FEaive SIS e base
station ang,dihg @Psﬁdigﬁﬂs. IR & RErdRR é&@oaahﬁZﬁé%f&’@h}i@Q&{@ﬁ%&&wi t.
The one way delay wll be equal to half the round trip delay. Many ways for

measuri ng séparatelantennap rdey she usesl forarecebviagt endhiraesyiitting dGPH sigwmalar t .

| dditi t di bet the b tati .10 d the wirel 5
uni £ 20 cab A siEmalD Sk PERET SNt SHR A5 SIRSRRELS, AHIeBY Sighelsu hecs
uni t 20 rGfGEna ) meﬁsgef&,fdsdd ggﬁtexbk 9g: q?-ses%gﬁrex@}%) 1%‘?‘%1"&‘?52&%99 Qase

station 10 and the rel ess unit one nee y two sate range
measur enentéceivet 0@ abds Eteffefabrhy feddy adzanseitent 200N Aasiase Wreqeeridyer e
is no direct, LOS between t [ ireless unit,

' e st at d th .
three sat ePHpeYstery %ﬁmvéﬂéég;\%gﬂagflgﬁatgefjﬂ(’)‘?n’&%gé‘lgﬁ?? sthee FRAFE Ve e
required tqpgalcilats igmeﬁufémemom nd Otg%.t't?i'mrﬁhgezexido? sateli hkSee
addi t1 ona uced

nmeasurenent 1I's required ¥o correct for the Istance 1ntro
by the addiappeeudtedediathoseskéiedin theeartul TDMA powee controtlist piqvided dy d s
used to correct the clock error in the wireless unit. 15 The system
descri b2d mairncontp} sisuitntddyoln oneempbodimeant Picihon PResent o ehtion. t thave

descri bed [8FeFPREPl GisUitdpol enere fthen .
(Fig. 6. sehpBlbienalFyistiact 30033 dsfed) Gimel Mot B IDELALARL 2 e

of the CDMAheeionerdt ﬁ%ﬂala&ttbﬁﬁ@eamayhbé aricthevfdifqiiedapabil bf Ypertforariry ce
on the CDVA network., The process™of determning the position 20 of a

wirel ess ur@ain faRo: fumctioasedThe €oRITQ) signad siniprface 304 pEovidenorantrel a n
external enfity, f%PC!ﬁe?%vi?Qleké“ﬁiE\abq.' ocid ARcERRL! G8b! BRotikiks) fc;r7’rﬁaﬂ) .
external | ocation application ( ) 15, or an energency®service applrcation
(ESA) 1286. EmrLueutyt(R&eimrmmmmemoﬂBanda, fifst stage bF irterirediiter frequenoy

sof tware Whh? i s capabl e of requesti n?fand/or recei Viigi% | ocation . |

i nf or mat i odF) AOWB gABVERsRRY méhtdigitple IT (3RPIFAHON, SPEFIfichU}tegiRpd <drqudt t he

BSC 14 whi qh gl 996 n28vRRE" B Y sdcdnd §t§g§ 'oxdm:ewsage HeMA %snbggapg}?g

i nformation régardi Rgaa wreless unit ternatively, the I'LA
sof twar e appmpslaig andeA¢Dut@tvérgion. pracesbde detividulator WMSIC1200 SéwercE$ 18

is preferably a canvent.ional programuabl e processor, 30 abl e of accepting
the raw datad FIFeIAts UEUR,basdbanr 43ta FiPmofes wﬂlﬂi‘aﬁ@?&r% topgscertain

sat el | hges ﬁéeuﬂo*rah%@s Q§ﬁms§@d\mefﬁm@gmat ellites, the distance

The pseudo-ranges, along with any voice or data, is passed by the

mobile demodulator 500 to the digital [F modulator 400. The digital IF

modulator 400 provides a first stage IF up conversion of the data received

from the mobile demodulator 500. A second stage of IF up conversion and

30 RF up conversion of these signals is provided by the transmitter circuit 200.

These signals are then transmitted to the base station 10 and processed in

accordance with the method of the invention discussed below. It should be

noted that location information to be communicated between the wireless



fromthe wireless unit to the base station and the tinme correction fﬁigtsQﬁ p“z
and cal cul ating the position of the wireless unit. However, any device 't J
~S 0 S5woAg/478432 WO 991 47943 PCT/ US99/ 05583 16 capabl e of pegpséo/jsags t he
information required to calculate the |location of the wireless unit 20

based on such received information and output this |ocation determ nation

may be used.. Bar_ e I e F he iopl an ASIC, a

di screte I‘Z%jlit gacﬁr}&égﬁ?lﬁg i?’asfu\eégn%s’éﬁlsﬁgao ggnggg rgégﬁ?éé%’a%ﬁpwr@ &0 i t hi n
anot her nef)vaik r#efersslv( i udscdtbe eldirel B4y GRRNORGLEhel Base ROt ch 18
understood that "'the WPF 18 nay be |located within the base station 10, the
BSM 14, orvielsdatecbersi hypd endsbegel SucRrasfshoabnyessage seiicel EENIS) definéd war e

Communi cat REWSRD AR RSBl AL o) 6 nBHOEA | He tBhofelpRonsn 128SHe psc

L, ang { ng M dn NERLLiNAlesOR e8! S EhaRiYd MALLERGHE BAdPLtak Al I MENt
the present invention wth conventional conmponents: ternatively, the WPF
18 is a sofiewBBE afpl Aternadvélifata irevwdyedafinddbburst piypeeswessagsi thikd tee BSC
14. The WPF 18 pr%gra ly co ni ca%is \Méﬁt]g the BSC 14 via a conmunication
port simi | HANSHikter Py thejeizgless ubdhelb R FfHERS®S1atioRglG uncti ons, managenent
functions, hone cat:. o I Sk I,Ster,Jd o I 01 eal L.ons, .and
ot her ancillar yF 'n%tl:soﬁsglg g%t&gg{e.%ge?? o%ﬂnegﬂ{)é&ﬂglr‘{)ecg@)@? e{xﬁgfﬁgr gostSUpl ed

to convent pefttdn BHCahe Tifeeea)egprddmfolus‘%i\aﬂoirctaffaué,atdaéittﬂe IPOSind afobsle
provided in Parkinson, 20 B. W., and Spilker, J.J., Editors, G obal
Posi t i Hhi ndempsiudator Thisats ahtheawyireless nois 20\af| theepresentaimyvantion.| nTheet ut e

of Aeronaufj auti i 6. Addi t.ionally, it
houl d b HaNERT e SORRINE R, Wifsless"Salll P20 B Shenifiie iariicdl s e
correcti ontrahbmiitet Pertividersi eotvieytionas endkelesedinin dride tRédeféitats sih
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roups within which special rights for positianing._can be determ ned (fl eet
%0 ngnagemﬁlydesa lowpnoise ampl?f' 7 Landpassgfilter 112, a first mixer 11%

ier 108, a first
and a second bandpass filter 126. The second path 105 downconverts GPS
signals from the GPS satellites 60, 70, 80 or 90 of Fig. 1. The second path 105
25  includes a second low noise amplifier 110 which feeds a third bandpass filter
114. The output of the bandpass filter 114 is input to a second mixer 120.
The output of the second mixer is fed to a fourth bandpass filter 128. The
first and second mixers are fed by first and second local oscillators 122 and
124, respectively. The first and second local oscillators 122 and 124 operate at
30 different frequencies under control of a dual phase locked loop (PLL) 116
The dual PLL insures that each local oscillator 122 and 124 maintains a
reference frequency effective to down convert either a received CDMA

signal, 1n the case of the first mixer 118, or a recerived GPS signal, in the case
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wi rel ess uniighlls output from the baseband filters 126, 128 to baseband and outputs a

20 stream of digital values that represent the quadrature and in-phase baseband

signals. These signals are then applied to a searcher. The searcher is

essentially identical to conventional searches used in CDMA demodulators.

However, the searcher that is preferably used is programmable to allow the

searcher to search for either a PN code associated with the CDMA signals

25 transmitted from the base station or the PN code associated with the GPS

satellites. The searcher discriminates between CDMA channels when

receiving CDMA signals from the base station and determines the GPS

satellite from which received GPS signals are being transmitted when in the

GPS mode. In addition, once the GPS signals are acquired, the searcher

30 indicates the time offset associated with the PN code essentially in a

conventional manner in order to determine the pseudo range associated

with satellites from which signals are being received, as will be understood

by those skilled in the art.



In accordance with one enbodi ment, a nmessage to the wireless unit 20 will
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'20 have anc;?tﬂﬁ%n time" (a particular time in the future wWpeRidGoésgsei ver
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will activate the first and second swtch Z06 and 402 at the action tine
(Fig. 5) and thereb etune itself,to thee% frequency. The digital IF
ASI C 400 change@ thlg %‘F\I \j’éﬁ%’fsg‘_?%q PYlthosc'ﬁo ;T:net({) l&gp‘ﬁoég Qﬁat s?q a‘ﬁ‘f‘éblteo
search al | ciBief IrBeesSAbal 14Ch sEHRA RCFIL TS| 65 athAnFACAUIA @8 t he
m ni rum nunber of the required satellites, it Tonputes the pseudo-ranges
based on tdunv@rSionl oarid Vit Bamplireg wiechhiapee, unbtildthe rusedunes prodtitee the

comuni cation system frequency, and. sends thge pseudo-range results al ong
Wi th the niessuresyl anédSsﬁa&?ﬁhesi of RONSEMORE; cSﬁ‘éfStf‘Ff%uf? K’;zttle"ﬁh?gg’%cﬁfftﬁﬂti tes

and a nost_;recen 1L ot r-es C The, pid earch
resul ts@ar%h%"é'gd%and% ﬁéggn?fag%g%otlﬁat%%ﬂ}yr &%ﬂfé@sz‘f&%lﬂi Fgg iaf%]e?# ?ng eis
no direct bp&@atin seOhthenapieseat Waeverition.ser WHorg d&a{ef\%let aki aiorashtidieal
wireless unit 20. Nonetheless, |ess 0.5 SEP 2002 99/ 47943

PCT/ US99/ 0pB&3 anynahln profeseorsaay be veed danplgse @fdhe 18P that is sbomsuna trip
del ay f t j . ' b t ed
isi ny aval [BbRe M BRPR, 103aR HB W REwPAE T B R R RaB0IRIAC e

for deter mHroRghr tiensystarh is dakhthaasedboffery hnd repareh TReosardpas fite wel |
known mthe 5 art. The BSC 14 sends the pseudo-range neasurenents nade by
t he wi | e4@6 @andt ap@matiegaiercomttd £Heuliod4P] iy dfe omittedr wnggr begréain

tati 10, the. . i Il . t h it
(i o space) cardsiog AEEPRELE \THRE HiaiBy dFuRiges it FERRbcrechBleli o "
fixed, predei@ar wisedikded ef MANCORET Gubh, varidtidnt f &F ehé | shu&didPe categt i ON
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in the wiréhesgscardanceowitBytthei irventive | sagthod, oshe | 8S6f fldetreguestst &St r ue
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and correspondi ng RTD neasurenents to calcul ate the position of the

wirel ess umeingo/iewgde bynthe Kb fianseeaverr4 $Figgudv dheist eleyatipnctangle,
k i th l. i t i | . t t t GPS
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three satelrktéi®er at thé B4eIstd@43 1 haSkip-tHdatLTIIIHAHAID B the NNehton) SO
that the m ni mum nunber of satellites requjred can be reduced to two if

there 12§ a faequencyl iand BN ffiet ebmaekt saallbet ikerierheborauseelts iumiwayn and
The base ot TRAR fUF ARINGE pral At B YR, AN e IR b Y 1O
Wi rel ess unjoul@@enddatiieolresponding tona $0bsathofSonlyntierse csatellites that can be
viewed by the wireless unit 20, assuming that the base station 10 has stored
information regarding the street width and height of the surrounding
30 buildings. That is, if the base station 10 has the ability to determine that the
wireless unit will have an obstructed view of one or more satellites, then
the base station 10 will not send information regarding those satellites that

are obstructed.



be further reduced if information about other pilots (sites) are ava[]iirgﬁgﬁm
For exanple, if the wireless unit 20 is in communication with two or”'ndre
base statiwe99#43., soft handoff), neither of which have a BEFT&E899/0558% of
site to the wireless unit 20, nore than one round trip delay my be

cal cul ated, and 10 hence two satellites areldll that is needed to determ ne
the position of It bhouid deasstedrthat ACconMemtiorml GIPS readivt aidteNshe amb et made
based on the five equations (two equations related to the two pseudo range
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the two ba tati,on D neasurenents, and_one iogn.related to the RTD
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in scenarios where GPS satellites are bl ocked or shadowed by buil dings of
trees. $n addct point im Ttedec 4P Himei atewthocks ehecsatélbite GRS\adatak| racesvedThe
WPF 18 sends .t he cal cul at ed gosition to BSC 14 which forwards it to MSC 12
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been descrifed iBelroie Mok WRhE AReCretliyRr M Gl hieRBORIRRIdL ko Bhe
particul ar application. Those having ordinary sKi im the art and access
to the presdotk ireaath sgéellitd, lther @ogor ventioihlt Chttatecsivet fwoald oady require

applications and enhodi nents withi.n the scope thereof. It is 25 therefore
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nmodi figgti e 4 t IS €;cS e Jovent i.pn.
wriar | o AR ST JRGRCBlsS ClpeRTiR TR T rdh, SRR (RE.
posi tion ofsatellitds | eladls, elbdd#tiomalndnéinmationnpsi sequiredh baFhist addietonareans
for calculating a Doppler shift of si naIF1 transmtted fromfirst, second
and third s‘é‘tf‘éqq'i‘ﬁl@g‘, 13 RIRVIed Py, Nty the etile @k evhisheastontrtlysateilisers f or

cal cul ati ”%181151' {ssﬁ'ecseq{/e&fb}pﬁ?é’qgcéiegﬂesﬂglfs e bE'Jlf&er%%dsgﬁoﬁ ing thaé.
satellites, Yespectively, relative to sald base station; nmeans To0r°sendi ng
satel lite ithent iaté dotir anquarfomsn@ilel, cone Bgpatien @BbEiktednivitheadionf th@dogai d
pseudo range i nformation between said base station and said wreless

t r anscaPverSateiiises) @i‘i“ép{;’é\iduﬁ{‘r‘@&’i’ﬁ whighemuist 'baselydpd eli-ef, ofher &cgi @ndgzsai d

satel |ite |danhlddiatdsothd ARIVER! AR tOBRLE e fock SEPIATIN ONrn AR
pseudo range I nfornmation from sal ase station; neans diSposed at said
nobi | e wi r efogs thrteeadiinenyional osoluttidrisz i ag leswit dfoiurf atexglitedfents from four

different satellites are required in a conventional GPS receiver.
In contrast, the present system utilizes a earth based station which is
20 synchronized to true GPS time. In one embodiment, this station is a CDMA
base station. It will be understood by those skilled in the art that CDMA base
stations are synchronized to GPS time. In addition, all wireless units that
communicate through such CDMA base stations using the CDMA protocol
are also synchronized to an offset GPS time which is unique to each wireless
25 unit 20. The offset in time is equal to the one-way delay caused by the
propagation of the radio signal from the base station antenna to the wireless
unit antenna. :This is due to the fact that the wireless unit synchronizes its
clock by receiving an indication from the base station of the GPS time.
However, by the time the indication arrives at the wireless unit, the
30 indication is in error by an amount equal to the propagation delay
encountered while the signal travels from the base station to the wireless
unit. This propagation delay can be determined by measuring how long 1t

takes a signal to make a round-trip between the base station and the wireless



received fromsaid base station to identify a second set of pseudoUrSagné%-‘,em2
between said transceiver and said first and second satellites,

respecti vedgyoo/eoam tine T, nmeans di sposed at said nobil e w PETRS/05583
transcei ver for sending to said base station said second set of pseudo
ranges between said transceiver and said figst and second satellites,
respectivel y;, a 1 I I fak@n { td T3 a
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transcei VEWaiTyla fbeﬁ'pm&iﬁgtlf@'rmxs@(mpmei@ aed apsitatde toaihges skiltbds am dhei ne
information for the time T. 2. The invention of claim 1 wherein said nmeans
di sposed a&rtthe base station for calculating the position of said wireless
transceiver in kes t i a j i me
i or mat | on for Hatrge Tnf BiFsREE Yatkash 2 REPHARAISRALANG, Qe O

sai d wig el aag 10 edrs beiused tbradsiss ah ddragnirihat thenloc3tion Nt theveitele@s:u@ft cl am
2 wherein said neans di sposed at the base station for calculating the

posi ti on oROsdilendd irlthe saser ahdirert/bne-pfraight 6O batveas the basestatgon N

di st f said wirel t i f id tation in th
e O3 ih ARl 265 Fhad BRDLE% SRR, Shmht RetBorkBienison 20
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for identifying two optimal poSitioning satellites. 5. The iInvention o
clai m1 i ntQflbatyvesratke fserving babeé statemi dnduthiel wineless| ess, threessatellete from
a first node for effecti na voi ce/ data co\rggﬁni cation torﬂ]second node for

e
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means di spegrdisde 4 PRrdeagnshsibnal 1besitis! THeabk?d sakilliRO$hédsdtedlens aisd
wi rel ess transceiver includes: neans for utilizing said second set of

pseudo rangeguirgdctyl eurestdon thii addiiqnaprdipapgeldniradyeed dot theepadditiondli r st

and second tellite sai d. e ti 2S i vel ans for

i1 21 ng. CRONnCpbesd Phage SRl fiefi, The oRRe, BESRRIHY IE ed TR SRRRR 481, o1
the base st-aldlOBrrorNA thei wiekat @iitpseudo ranges and a delay in the tine of
arrival of a signal transmtted fromthe nobile wireless transceiver to the

base siation to Bheeystenm deseripedihdrein gillowvs dhevipasitien of anvaled VePMA. The
i nvention of. claim@ rei,n sai.d ns for cal.cul ati .the pasition of the
W rel eset pielsds vt e At Runed Ty finst RESARE A BitdlEed BREUIHG | o1
sphere of fH{dtidrROMPFRNBYREL . %)f hE $énPhs tHiewiBess airfit RO SvitiRinS BEOPEUPPNer e
of second radii around a second of the two satellites, and a third sphere
of third radveragoara ofathe CBMAsnetwark.ang. asTiongiasvtberé i sefficenti quality

v o 0.5 RS bR SUOMALAE, PE b 00 O AREHR R bbABRTTLY
aroundap fidgfsd watelefieuhivinaptr! initifed By §RONEIEPAIEC2MIthe atANGrk a8t lan
around a second of the two Ssatellites, “and a third sphere of third radii
around sai d>{temalsmdity osuchoas Ansipsernal flocatitat epplication 4llpvsi? iamnexternal
mobile wir %@&ﬁo}xra%% ch-i\égr(Ei%rspig,soirngﬁ emergency service application (ESA) 13.
Each of these components 13, 15, 17 may be either hardware or software
which is capable of requesting and/or receiving location information. In
25 one embodiment, the ILA 17 is a terminal coupled to the BSC 14 which
allows an operator to directly request and receive location information
regarding a wireless unit 20. Alternatively, the ILA 17 is a software
application executed by a processor within the MSC 12.
The WPF 18 is preferably a conventional programmable processor
30 capable of accepting the raw data that is received from the wireless unit and
from the satellites (i.e., the pseudo ranges from two satellites, the distance

from the wireless unit to the base station and the time correction factor ) and

calculating the position of the wireless unit. However, any device that 1s



and second d obal_ Positioning Systemsatellites; nmeans for calcul a

Doppl er sWQ Po/47P43s ghals transmtted fromsaid first and seloRASEYPEBF t es,
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pseudo ranggplemertedt iagnar rA8IGak ddisaete dbgid @ircuiteansstates mactdnal saiad
nobile wirel ess transceiver for utiljzing said infornmation received from
sai d bdse afswvreh applicatden i within s%r&thar Jitwerkpdevigs (susheas g BS 14 d
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base stati @it ¢hé esgrrdstaeibonofl0pRe dBSMAMEE Sob&ilv@eRefaiig tthanypRTver, and
said first_and second satellites, respectively, along with tinme information

for the tiReeferably theaWPHiil8is gcspitwanenapplicasion dhatois eisher gixequtedi hy at he
iti f. sal ir el i in. ' d set . of
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transceiver fromsaid base station and nmeans for utilizing the distancCe of
sai d wi r el exadifiedngcerderrtof iroplerment Bheeprssant anventione widh ceortdérghondl t he

position of said wirelgss transceiyver aolhe_invention of.claim9
Pl ut g FeRimonelis o KRRmAaES S R 18 Pop cRtifWat hpplicihdnrae is
executed by a processor within the BSC 14. The WPF 18 preferably

a base station; _ means di sposed at the base station for identifyi |
;ﬁi%néﬁ@bz

communicates with the BSC 14 via a communication port similar to that
15 used by conventional billing functions, management functions, home
location register/vistor location register functions, and other ancillary
functions that are performed by processors that are coupled to conventional
BSCs.
The algorithm used to calculate the position is provided in Parkinson,
20 B.W., and Spilker, ].J., Editors, Global Positioning System: Theory and
Applications, Volume. I, American Institute of Aeronautics  and
Astronautics Inc.,, Washington DC, 1996. Additionally, it should be noted
that Volume II teaches how to perform differential GPS correction. It will be
understood by those skilled in the art that such correction may have to be
25 performed by the WPF 18 in order to calculate the position of the wireless
unit accurately.
In accordance with one embodiment of the present invention, a
service provider can restrict positioning services based on several
conditions, such as capability, security, service profiles, etc. Location services -

30 may support each, or some subset, of the following services:

(1) Wireless unit originated request for positioning (WPF).

(2) Network originated request for positioning (NRP).



transceiver froma first node for effecting voice/data comrunicati Oﬂ]SthP?rQU
second node for locating the position thereof. 11. The invention of clali é
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In accordance with one embodiment of the present invention in

which a wireless unit 20 originates a request for the position of that wireless

15  urnut 20 to be determined, the wireless unit 20 sends a position request to the
MSC 12. The MSC 12 validates the request to ensure that the wireless unit

20 has subscribed to the type of service requested. The MSC 12 then sends a
request to the serving BSC 14 to find the position of the wireless unit 20.

The BSC 14 asks the serving base station 10 for position aiding information.

20 The serving base station 20 responds to the request by sending a list of
satellites in view, their Doppler shift, their rate of Doppler change, their
pseudo-ranges, their elevation angles, their Signal-to-Noise ratio (SNR), and

the Round Trip Delay (RTD) between the wireless unit and the serving base
station. Note that the GPS receiver 74 within the base station 10 is

25 continuously tracking the satellites in view and hence can have up-to-date

information on these parameters. The BSC 14 will use the RTD, pseudo-
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to determine the position of the wireless unit 20.

In accordance with one embodiment, a message to the wireless unit 20

will trigger a retuning signal at the wireless unit 20. The message also could
20 have an “action time” (a particular time in the future when the receiver will

retune to a GPS receiver frequency). In response, the wireless unit 20 will

activate the first and second switches 106 and 402 at the action time (Fig. 5)

and thereby retune itself to the GPS frequency. The digital I[F ASIC 400

changes its PN generator (not shown) to GPS mode and starts to search all
25 specified satellites.

Once the wireless unit 20 acquires the minimum number of the
required satellites, it computes the pseudo-ranges based on the GPS clock
within the wireless unit 20, re-tunes to the communication system
frequency, and sends the pseudo-range results along with the measured

30 signal-to-noise ratio of the first three satellites and a most recent CDMA
pilot search result to the BSC 14. The pilots search results are needed if the
unit cannot acquire three satellites and there is no direct line of sight path

between the serving base station and the wireless unit 20. Nonetheless, less
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pseudo-ranges from the wireless unit to the flrst second and third selected
20  GPS satellites 60, 70 and 80, respectively. These measurements are taken
with respect to the local clock in the wireless unit 20. But since the local

clock is offset from the true GPS time by _1, the corrected pseudo-ranges are

then:
25 1=_ml+__1
2=__m2+__1
3=__m3+

The WPF 18 uses the above three equationfy position (in space) of the

30 three satellites, position of the severing base station, and corresponding RTD
measurements to calculate the position of the wireless unit 20. Note that
knowing the RTD is equivalent to exactly knowing the local clock bias of the
wireless unit relative to the true GPS time. That is, it is sufficient to solve

the three range equations from the three satellites.
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wireless unit 20, more than one round trip delay may be calculated, and
10 hence two satellites are all that is needed to determine the position of the
wireless unit 20. That is, the calculations can be made based on the five
equations (two equations related to the two pseudo range measurements
associated with the two satellites, two equations related to the two base
station RTD measurements, and one equation related to the RTD to the
15  serving base station that allows the local clock within the wireless unit 20 to
be synchronized to true GPS time). This is very useful in scenarios where
GPS satellites are blocked or shadowed by buildings of trees. In addition, 1t
reduces the time to search for GPS satellites. The WPF 18 sends the
calculated position to BSC 14 which forwards it to MSC 12 or sends it directly
20 to the wireless unit 20.

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 applications and embodiments within the scope thereof. It is

25 therefore intended by the appended claims to cover any and all such
applications, modifications and embodiments within the scope of the

present invention.

WHAT IS CLAIMED IS:
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L #: 109668 () 1ehfet @cﬁ%eﬁ&mg LQ:ellite identification information, Doppler shift information, and

said pseudo range information between said base station and said wireless transceiver;

means disposed at said wireless transceiver for receiving said satellite identification
information, Doppler shift information, and said pseudo range information from said base
station;

means disposed at said mobile wireless transceiver for utilizing said information
received from said base station to identify a second set of pseudo ranges between said
transceiver and said first and second satellites, respectively, at a time T;

means disposed at said mobile wireless transceiver for sending to said base station
said second set of pseudo ranges between said transceiver and said first and second satellites,
respectively, along with time information for the time T; and

means disposed at the base station for calculating the position of said wireless
ransceiver in response to said second set of pseudo ranges and said time information for the

time T.

2. The invention of claim, 1 wherein said means disposed at the base station for
calculating the position of said wireless transceiver in response to said second set of pseudo
ranges and said time information for the time T includes means for determining the distance

of said wireless transceiver from said base station.

3. The inventionsof claim 2 wherein said means disposed at the base station for
calculating the position of said wireless transceiver includes means for utilizing the distance
of said wireless transceiver from said base station in the calculation of the position of said

wireless transceiver.
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means for utilizing known positions of the two satellites at time T, the position of the
base station, the third set of pseudo ranges and a delay in the time of arrival of a signal
transmitted from the mobile wireless transceiver to the base station to ascertain the position

of said wireless transceiver.

7. The invention of claim 6 wherein said means for calculating the position of the
wireless transceiver includes means for finding an intersection of a first sphere of first radii
around a first of the two satellites, a second sphere of second radii around a second of the two

satellites, and a third sphere of third radii around said base station.

8. The invention of claim 1 wherein said means for calculating the position of the
wireless transceiver includes means for finding an intersection of a first sphere of first radii
around a first of the two satellites, a second sphere of second radii around a second of the two

satellites, and a third sphere of third radii around said base station.

9. A system for determining a position of a mobile wireless transceiver comprising:

a base station;

means disposed at the base station for identifying first and second Global Positioning
System satellites;

means for calculating a Doppler shift of signals transmitted from said first and second

satellites, respectively, relative to the base station;
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Z10%4.0% & () mela%sI %ilos(;))/ose a(t )sal%lo\%re e t_rz;.nls el%égl‘ fg}' receiving said satellite identification
information, Doppler shift information, and said pseudo range information from said base
station;
means disposed at said mobile wireless transceiver for utilizing said information
received from said base station to identify a second set of pseudo ranges between said
transceiver and said first and second satellites, respectively, at a time T;
means disposed at said mobile wireless transceiver for sending to said base station
said second set of pseudo ranges between said transceiver and said first and second satellites,
respectively, along with time information for the time T and
means disposed at the base station for calculating the position of said wireless
transceiver in response to said second set of pseudo ranges and said time information for the
time T said means for calculating including:
means for determining the distance of said wireless transceiver from said base station
and

means for utilizing the distance of said wireless transceiver from said base station in

the calculation of the position of said wireless transceiver.

10.  The invention of claim 9 including means for switching said mobile wireless
transceiver from a first mode for effecting voice/data communication to a second mode for

locating the position thereof.

11.  The invention of claim 9 wherein said means disposed at the base station for
calculating the position of said wireless transceiver includes:

means for utilizing said second set of pseudo ranges to calculate a third set of pseudo
ranges between said first and second satellites and said base station, respectively and

means for utilizing known positions of the first and second satellites at time T the
position of the base station, the third set of pseudo ranges and a delay in the time of arrival of
a signal transmitted from the mobile wireless transceiver to the base station to ascertain the

position of said wireless transceiver.
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respectively, relative to a base station;

calculating a first set of pseudo ranges of the first and second satellites, respectively,
relative to said base station;

sending satellite identification information, Doppler shift information, and said
pseudo-range information from said base station to said wireless transceiver;

receiving, at said transceiver, said satellite identification information, Doppler shift
information, and said pseudo range information from said base station;

utilizing said information received from said base station to identify a second set of
pseudo ranges between said transceiver and said first and second satellites, respectively, at a
time T,

sending to said base station said second set of pseudo ranges between said transceiver
and said first and second satellites, respectively, along with time information for the time T;
and

calculating the#position of said wireless transceiver in response to said second set of

pseudo rangess,s and said time information t.

15.  The invention of claim 14 wherein said step of calculating the position of said

wireless transceiver in response to said second set of pseudo ranges and said time information
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wireless transceiver includes the steps of:
utilizing said second set of pseudo ranges to calculate a third set of pseudo ranges
between said first and second satellites and said base station, respectively and
utilizing known positions of the two satellites at time T the position of the base
station, the third set of pseudo ranges and a delay in the time of arrival of a signal transmitted
from the mobile wireless transceiver to the base station to ascertain the position of said

wireless transceiver.

20.  The invention of claim 19 wherein said step of calculating the position of the wireless
transceiver includes the step of finding an intersection of a first sphere of first radii around a
first of the two satellites, a second sphere of second radii around a second of the two

satellites, and a third sphere of third radii around said base station.

21. The invention of claim 14 wherein said step of calculating the position of the wireless
transceiver includes the step of finding an intersection of a first sphere of first radii around a
first of the two satellites, a second sphere of second radii around a second of the two

satellites, and a third sphere of third radii around said base station.



