. e3e\ >6RTcx METHOD AND SYSTEM FOR LOCATI NG A MOBI LE SUBSCRI BER | N A CDVA

COMVUNI CATI ON SYSTEM Field of the Invention ' This invention generally

rel ates to spread spectrum code di vi si on mul tiple S access (CDVA)

comuni cation systenms. Mre particul ar inve;itf'dﬁn r2§ tes to
a system and nethod that determines th HM“ MIWH’MI [EI ocatio ay scri ber
unit within a CDMA communi cati on system SCr| n of the Prior Art 10
Wrel ess systens capable of |ocating a subSt®ber are presently known in
the art. One wirel ess techni que uses the global positioning system (GPS).

I n GPS, thHETHORAND S¥RTEMIFOR AMOCGABNG AMGBIMERUBICRIBER INoAISDMA COMMIMIFCATIOMEYS TEM
fromthe 24 NAVSTAR satellites. Each satellite transmts data indicating
the satellite's identity, the |location of the satellite and the tinme the

nmessage was sent. The handset 15 conpares the tinme each signal was received
with the tine it was sent to determne the distance to each satellite.

-Using the determ ned di stances between the satellites and the handset al ong

r

a

with the | ocRidldofthedaventienel |ite, the handset can triangulate its
| ocation and provide the information to a communication base stati on.

However, the inc ' f ! S ancr . b 1S
cost. 17 nay 2683 AvsRoR achstll, ket B Spfedd el B4 ahifioR HaEDaNs
U S: Patent No. 5,732,6354. A nobile telephone using tine division mJItlpIe
ac@ess ( TDVRccass (EBMA) comrauigation sydtemat ddowai particularly, dheapresgnicinvestien
stations. The nobile tel ephone measures the received signal strength from

each of the a £ Riih iye
base stati onpeéi%ESS 3 5 e SWI fl?itlérlﬂg&zen%l oo ["gﬁ%deg(fgég Sl gna%é‘ftrﬁ)gle ?é’
fromthe base stations are conpared and processed The result yields the
di st ance bet mﬁsnnbneunﬁbvluantagBEMAr@mnmnnwst@nst ation. Fromthese

di stances, the location of the nobile tel ephone is calculated. 10 Wrel ess
comuni cati on systens using spread spectrum nodul ati on techni ques are
increasing in popularity. In code division multiple access (CDMA) systemns,
data is trangmtted usi wi de bandwi dth (spread spectrun) by nodul ati ng
the data w ti?eacrpeeeecpﬂgw%weﬁ code sequence. The advantage gained is
that CDVA systens are nore resistant to signal distortion 1 S and

i gger fering frequiWigeless systérs capable of kswating paubscriber azo presentaknownsyshens

art. One wireless technique uses the global positioning system (GPS). In GPS, the
communication handset receives data transmitted continuously from the 24
NAVSTAR satellites. Each satellite transmits data indicating the satellite’s identity,
the location of the satellite and the time the message was sent. The handset
15 compares the time each signal was received with the time it was sent to determine
the distance to each satellite. Using the determined distances between the satellites
and the handset along with the location of each satellite, the handset can triangulate
its location and provide the information to a communication base station. However,

the incorporation of a GPS within a subscriber unit increases its cost.
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using the nore common tinme division nultiple access (TDMA) or frequency

division multiple access (FDMA) techniques. EP 0 865 223 A2 is a position

estimation schenme for a cellular nobile system A first and a second signal

sequence are exchanged between the nobile 20 station and thg R/fse station.

These signals may be CDVA signals. A phase difference betwe hMaye202r st and

second sequence i S rm hSi : y et ween
ARG LibsBiEha! 16&&&%?%@58@ 3¢ disBlosed 1 V/BY pARAL NAE

t he nobil e and base station ing m ase stations, e position is
estimat ed usi rLangul ation .S. Patent No. . 5,600,706 is Qsi tion

syst em usi ng g%%ﬁég 8«5‘[@?%‘}? ghe pejng V@W@H‘“%@%%&éﬁﬂ@@é pi | ot
signals and tine difference of arrival 5 (TDOA) and absolute tine of
arrival (TOA)themit heterfacd is lecatdt withinnatplarality\6f $asel 8@ fiBngi skHeomwbilk ocat i ng
a nobile termnal using two antennas of an array in a time division

mul tiple aCCE%FepﬁSHE‘H{Eh&ﬁ‘Eé 50 x%é’e%é‘d%i{gﬁm%ﬂ%ﬁgth%é&l%faéﬂ%? tﬁé‘l?atsg‘?:ta?fﬁﬂ@al S
received by the'two antennas i s used to determ ne an angle fromthe
centerline of the antennas to the nobile ternnal. Received signal 10
stredgth is udsdtrapstaidy icaeh strengiht ©r packarespeqiiver hiseestatipe +AF @ Pgbile

| ocation is determ ned using the determ ned angl e and di stance. WD 97/47148

di scl oses detswitdhiig@enteROotct re@Biveldl sigmalbsttehgtiar fionalthavibake stadione! dreil ar
system A signal is transnmitted at a | ow power |evel. The power level is

tenporarily i Lgna I ],: . i | evel
515 used o iupEed tnd FRGSIANTInE HARICHERG ApSluiqdiee AT EATRE RRNEE | °NG.
5,736,964 discloses a CDVA systemfor locating a communi cation unit. A base
station transtlepBone angdeach base siajipns r‘?lﬁtlﬁﬁédtﬁ%f’t‘i.@s,ﬂﬁ‘e‘oﬁﬁiqn fithgmobtle o
receive tinme of the nessage to the base station. A group of base stations
al so det er m nelephogeBicakeuldte of a synbol sequence in the unit's 20

transm ssions. Using the tinme neasurenents) the location of the unit is

det enm ned. -2a 002 U S P . b i.SC .a_system
forﬂcjiet er m ni ng a\&ilzrglgg%ccg" 'e"t"%/\{/%aglnona Sgés}és sl}‘{g fal (S)ﬁrg gcrﬁ%gct?derﬁm gﬁﬁlﬁlu in a

CDVA system The base station, . ) L )
techniques are increasing in popularity. In code division multiple access

(CDMA) systems, data is transmitted using a wide bandwidth (spread spectrum)
by modulating the data with a pseudo random chip code sequence. The
advantage gained is that CDMA systems are more resistant to signal distortion
15 and interfering frequencies in the transmission path than communication systems
using the more common time division multiple access (TDMA) or frequency
division multiple access (FDMA) techniques.
EP 0 865 223 A2 is a position estimation scheme for a cellular mobile
system. A first and a second signal sequence are exchanged between the mobile
20 station and the base station. These signals may be CDMA signals. A phase

difference between the first and second sequence is used to determine a distance



transmts a base CDMA signal to the rempte unit. The renpte unit transmts
.a renote CDMA signal to the base station. The renpote CDVA signal has its 5
timng synchroni zed to the received base CDVA signal. The base station

determ nes the distance to the renote unit by conparing thevclgi'g m?e
sequences of the transmtted base CDVA signal and the receiVe A «3 e CDVA

si gnal . Ther d&eex¢et the anobikRcinddas@stador. uUsing mulkiplecbss bationfehe positioh ocat i on
systemthat uses data al ready available in an existing CDVA conmuni cation

system -2b . . > Y OF THE | NVENTI ON A subscriber unit is
geogr aphi cal Il§/é%br§§§%§88’§ilﬁg Wali ty of base stations in a wireless

CDVA communi cation_system Each base station transmits a first spread
spectrum si gnal h&iSnitptentiNg. §16000/96 is Fpsitieitysicaresingyrange deteHNGEEPN 5 t he
subscriber unit transmts a second spread spectrum signal having a second

code. The seGAACDMIAaybt&AC The ByStéh 8B pilds signdR andnizhe diffez&ite W aftivdl S
received first signal. An inpul se response of each received first signal is

analyzed to in fi . [ ecei . . . station, an
ol e reopdt iR A BBy G R TIRARGHE podliof BEbrBoR, "ol e
to determne a first 10 received conponent. A distance between each base
station and the s(¥OXE/b8}18&disaloses lenating ainpedle tamaingl usirgyeo arderstagiohat i on
is based on in part a timng difference between the received signal and the

transmtted singfipdy gl tirhe dplgdien mueplel ddceds csifmuMRAtieRRPABRANt AfSHask he
second signals. The |ocation of the subscriber unit is based on in part the

det erm ned di nces fi.xed |l ocati.qn of ~ h_base station.and a
ot mum |1 kel HBICE MatiEHs R en el e aniias MR bRy RAER D . 4
is an illustration of a sinplified, prior art CDVA system Figure 2 is an
i |l ustration asgledremitles centerlimpnihe gnteanas to theangbiletegminal.aRedededd sdgradr am of
mej or components within a prior art CDVA system -3 17 May 2002 Figure 4
is @ block disaghgi i@fuse@Penanie thé tetinin's RidtAicear Th< tdMbifal's I6htion is
determined using the determined angle and distance.
WO 97/47148 discloses determining a position of a mobile terminal within
a cellular system. A signal is transmitted at a low power level. The power level
is temporarily increased. The signal transmitted at the increased power level is
15 used to make a position measurement of the terminal.
U.S. Patent No. 5,736,964 discloses a CDMA system for locating a
communication unit. A base station transmits a location request to the unit. The
unit transmits a receive time of the message to the base station. A group of base
stations also determine a receive time of a symbol sequence in the unit's

20 transmissions. Using the time measurements, the location of the unit is

determined.
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Figure 5 is an illustration of a global pilot signal and an assi gned pil ot
.signal being comunicated between a base station and a subscriber unit. -3a
17 May 2002 Figure 6 is a block diagramof a first enbodi nent of the
‘present invention using at |east three base stations. FigqtﬁMéﬁis ﬁn
illustration of |ocating a subscriber unit using the first i2084t of

t he present inventy @npyy tgl ] B, B is a

bl ock di agram of éi§é5§%5p§ﬁbgﬁgﬁgﬁ?B%?ﬁgﬁgggggggz%f@%é%ﬁ?}g%ggﬁﬁﬁg%g
conponents used in a subscriber unit. Fi ureéﬁ%&ﬁ$an ill%%%ration,of

| ocating a sutsdWesha basgstationsangha feraote JpE AR a sEstemo T he hasestatiemnt
invention with two base stations. Figure 10 is an illustration of |ocating
a subscri ber twansinitss byge ICTEMYesignal to thOreandto dnite Mtheatmokeunit eatymhits avent i on
with nore than two base stations. Figure 11 is a detailed illustration of
the third e i fa L p i i i Se. [ On. W th
mul tiple an?g(r%%{ggs &El\gf}r %IQ%I {ogtﬁgnrbtals% P[\égpéaﬁh gn%ﬁd?(?r@t I rgléﬁélﬁ%%sdl rent
havi ng a base station with nmultiple antennas. Z5 Figure 13 is a bl ock

di agt am of cdipwgesinshrpnized; (o theerecpived bage CelPMehtsigmal.gulhe base; station
illustration of nultipath. Figure 15 is a graph of a typical inpulse
response of nrdétdrininddthe rRpMRE RS the réth@e @it b§ comparihp drdchip egtfexvy@dnces
conponents within a fourth enbodi ment correcting for multipath. 20 17 May

2002 DESCRI PT . di ment s
wll be descr(#ff)ag%lg\;mn%ﬁﬁfef%grggﬁ??@g% rgﬁ}%g&lg%ﬂ%(g&#e% fig,%g nuner al s
represent |ike elenents throughout. Shown in Figure_ 1 is a sinplified CDVA
comuni cati on systldere gxistaeaced fr gn apcurpte mobilgistbseribshemit locationsysiered wit h
a spreadi ng code generated by a pseudo random chi p code sequence gener at or
produci ng a dhglidseb dataradad @ Reslablethsh@rating GOMA es@Riunidatioh Restelat a i s
reproduced after correlation with the sane pseudo random chi p code seguence
used to transmt the data. Every other signal within the
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transm ssi on bandw dth appears as noise to the signal being despread. 10
.For timng synchronization with a receiver, an unnodul ated pilot signal is
required for every transmitter. The pilot signal allows respective
receivers to synchronize with a given transmtter, allow ng”gﬁggrzgﬁgi ng of
a traffic signal at the receiver. In a typical CDVA system tions
send gl obal pilot signals tSUMMARY GETHEIDNENTIONW thin their

comuni cating range to synchroni ze transm ssions in a forward direction.

Subscr  ber it sanduosiey GHE § g @i GRCR-Ged it Y MUY o Bt ™"

transmssions in a reverse direction. Figure 2 illustrates a CDVA
conmmuni cat i orftalipas iha wiyelesHeDMMeoRmE¢ASionsystels Hagh Basesttioniteasmits
plurality of base stations 361, 362 ... 36p. Each base station -5 17 May

2002 361, 362 first Sz{ﬁ&d zif%cu'rﬂmvsﬁgrﬁll hsding @fifsndode! Foneadhifecelved fifstkighyl, of
subscri ber units 401 0z ... 40", which may be fixed or nobile. Each

: 4
subscri ber unjt 401)..402. .. 40 i S..\W el: r the cl osest base
stat on 961 At pitEndit qandPE SRR kD Sig i el i £ 2088
communi cation signal. Each base station 361, 362 ... 36p is in 5
communi cat i orcodet Bhesérend spregd speatBimpighalis time syselronizedtwidnitsieseivad 30 as
shown in Figure 3. A local exchange 32 is at the center of the

conmuni cat i OffsEHshAM AR idpdlse GEEPHsE BF @achrddeivedrtitdt sighhlisOinaReEwes k
interface units (N Us) 341, 342 ... 34n. Each IVILJ is in commnication

base ot ot | ondieliesh R focbdl BB Adpalyifat siibn, diadifscretpali U2 on

361, 36Z ... BGE comunicates with a plurality of subscriber units 401, 40z
40p wi t hiof thatsbaserstatintardonty edasegend siggal & analygsidctosdetesninele firsagr am of
the pertinent parts of an existing spread spectrum CDVA communi cati on

sysfgem Each b AGeREEGIBpbndids @ &istiht®Bet@bn 38 base stdtfor38hd @RNGbHer a

uni que gl obal pilot signal using a global pilot chip code generating neans

421 and d. ¥ 441 The gl obal .pi| hi.p cod
generating maicR AT SNG 008 dodn Ae patue” ekt Bhif rebn ufgonce.

The uni que pseudo random chi p code sequence is used to spread the resultant
si gnal s bandwiffetenseidieteieen ¢hel seaeriedasignaleand rthe Hea Fignal and riher f ace.
The spread 20 spectrum processi ng neans nodul ates the global pilot chip

code sequenceietdintifedfirsbreceived component for the second signals. The location of the
subscriber unit is based on in part the determined distances, a fixed location of

15 each base station and a maximum likelihood estimation.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is an illustration of a simplified, prior art CDMA system.
Figure 2 is an illustration of a prior art CDMA system.
20 Figure 3 is a block diagram of major components within a prior art

CDMA system.



17 May 2002 desired center frequency. The global pilot signal is
transmtted to all subscriber units 401 by the base station's transmtter
46,. A receiver 48] at a subscriber unit 401 receives avail able signals
froma plurality of base stations 36/, 362 ... 36". As sho N _Eigure 5,
the global pilot 501 ' S travels fromthe base station SGIWOWH@IOHE
subscriber unit AG§gard4Gan teck Ao vfesbnisonems Withia £aH8E a@THMA The
time the signal travels fromthe base station 361 to the subscriber unit
401) ~tl, 10 equal s the distance between the base station 361 and
subscri ber uni¥*®®#b1, di, divided ,, by. the speed of light, c. Referring
back to Figure 4, a global pilot chip code recovery neans 541 within the
subscri ber unit 4igoensiserilestgtiobal agglobel pilet pigoaldandsanassigned pilodm a

plurality of base stations 361, 362 ... 36d. The subscriber unit 401
generates a rg dl%@iré%o?ﬂxgﬁ‘ni%t{é&%t%eh%b&@'s&ti%ﬂ%d%%%ﬁ?ﬁﬁr andl _
synchroni zes the generated replica’'s timng wth the received gl obal pilot

501. The subscriber unit 401 al so has a processor 821 to performthe nmany
anal ysis functions of the subscriber unit 401. The subscriber unit 401
generates an assigned pilot signal 521 using assigned pilot chip code
generating neans 561 and spread spectrum processi ng neans 581. 20 The
assigned pilot chip code generating neans 561 generates a pseudo random
chip code sequence with its timng synchronized with the recovered gl obal
pil ot chip code 17 May 2002 sequence. As a result, the assigned pil ot
chi p code sequence is delayed by ~~ with respect to the base station 361,
362 ... 36n. The spread spectrum processi ng means 581 generates the
assigned pilot signal 521 by nodul ating the assigned pilot chip code
sequence up to a desired center frequency. The assigned pilot signal 521 is
Stransmtted to all base stations 361, 362 ... 36n within range to receive
t he assigned pilot signal 521. The base station 361 receives the assigned
pilot signal 521 with the base station's receiver 621. The received
assigned pilot 521 travels the sane distance dl as the gl obal pilot signal
501 as shown in Figure 5. Accordingly, the received 10 ' assigned pilot
signal will be delayed by il with respect to the nobile unit 401 and by 2i~
with respect to the global pilot 501 generated at the base station 361.
Since the chip code sequence of the assigned pilot 521 received at the base
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station 361 will be delayed by 2i1 with respect to the chip code sequence
of the global pilot signal 501 generated at the base station 361, the round
trip propagation 15 delay, 2'cl) can be determ ned by conparing the timng
of the two chip code sequences. Using the round trip propagﬁ@gn Zﬁﬁ#ay’

2i 1, the distance dl between the base station 361 and subsct’iHéV t 401
can be deternuned by: dl=c,Zi,. 2 Equation (2) 20 g_ 17 May 2002 If a
spreadi ng sequence having a chipping rate of at |least 80ns 'is used and the
comuni cati on systitiguires istaebloiok|diagratooft a ficst embédimeint of the jpreseneimvieationce
di can be neasured to within 2 neters. Figure 6 is a block diagramof a
first enbodi nent Qqf t.l ntion. 5 No additional hardware is
required in t\ﬁg)gszﬁt}géé}.ftgge;e%ﬁ?ts@iﬁﬁ. The only changes are inpl enented by
software within the subscriber unit's processor 821 and the processors 661,
662 ... 66", 68, Kignred2 is.an ilystiationt efd ladatimignatsubstriber singtt using 3the, fitgtL J
341 or Local Exchange 321, Precincts 741, 742 ... 74" and Anbul ance

Di spatcher 7 T i is 1 1.S: i se station
361 indicati %&’t{(@z@y%ﬂﬁ%ﬁllh%ﬁgﬂqﬂn\?@gpiee(f%%%g%]gg%ée)%i? O{f e subscri ber
| ocation protocol. Upon receipt, the subscriber unit 401 will sequentially
synBhroni ze its t dtigure84s ablatk diagratofssggand embodimentofthepresent hvention
stations' chip code sequences. To allow reception by the base stations 362,
363 ... 360 ! : TR ormal comruni cati ng range,

t hese transmggts)%'ggc%fqmi]g%éggggwé?%gb%@gﬁre?n{{han normal power 15 | evel
tenporarily over-riding any adaptive power control algorithnms. A processor
661 within each bddgused ioandbustapm of locagpgi & subsariter unit usingathei speond
pil ot chip code recovery neans 641 and the gl obal pilot chip code generator

421 . The processydimiht of BEpresentlifife Z»Qﬁh@wegt%em%&apes to determ ne

the round trip propagation delay ~ci, -~ ~" and the respective distance
d,, d2 ... d" 20 hetween.the s%?scrLber nit 401 and the respective base
1

station 361, 362 Figuzgd0 issan illusyrafigy Oz‘gegatwg i fWbs¢rier upit 13ing) thessecend
the |l ocal exchange 32, a processor 68 receives the 5

10 embodiment of the present invention with more than two base stations.

Figure 11 is a detailed illustration of the third embodiment of the present
invention having a base station with multiple antennas.
Figure 12 is an illustration of the third embodiment having a base station with
multiple antennas.
15 Figure 13 is a block diagram of components used in the third embodiment.
Figure 14 is an illustration of multipath.
Figure 15 is a graph of a typical impulse response of multipath components.
Figure 16 is a block diagram of components within a fourth embodiment
correcting for multipath.

20



10 di,stances d,) d2 ... d" fromthe processors 66,, 662 ... 66" within all
the base stations 36,, 36z ... 36". The processor 68 uses the distances d-~,
ds ... d" to determne the location of the subscriber unit 401 as foll ows.
By using the known | ongitude and | atitude fromthree base S{:f%%ﬁ} 61,
36z, 363 and distances dl, dZ, d3, the location of the subs r it 401
is determned. As shown in Figure 7 by using the three distances dl, d2)
d3, three circles 781, 78z, 783 with radi ae 801, 80z, 803 are constructed.
Each circle 781, 78DESCRIFTION!QF XHE PREFERREDEMBODIMENTS!t i on 361,
36z, 363. The intersection of the three circles 781, 78x, 783 is at the

| ocati on of the suRscriber wuni 1. Usi. t he rtesj,an.coord] nate the
longi tude and | at :'ﬁ'lf’ e?%‘??‘ggrﬁ]bﬂéiiomfdltﬁg’lun%(effbeéﬁgﬁe%&gg‘ %Pﬁﬁl%g'f,érgg’éng. .
36" is represented as Xd, Ya, where X' is the longitude and Ygq is the

| atitude. |f figures whpreehkenameras repredens fikefelérnents sheowghber. uni t 401, using
the distance fornmula the follow ng equations result: (~rl1~~2 (~"(Yl1~~2 ~

d12 Equation (3) (@sles= b (~r2v~7 =~ A 27 F = Eguat.i on
() Equation (3 (oSt Flaleg €1 §smiified ERMA chriniinicedy Syftfl, Al
distances dl) dz , d3, 20 Equations 3, 4 and 5 cannot be sol ved using
con§enti onal siggmabivith a givendapdwidth és mixed witharspoeaiing codegenerated bylaipgsendo
estimation is used to deternmine the |ocation and -10 17 May 2002 are wel |l

Stati ons 364 raosbh e sole slhlick pehByy BRI WA pro SBebpReBELC,

inclusion in_the estimation analysis. The subscriber unit's location is

sent through Upon teoeptione 4he datasissreprodacesl afienicorrelationowithpthecsame pagydo

742 ... 74n and an anbul ance di spatcher 76. A processor 701 within each
preci nct 741 rarfdtgn chi Zédb@q@eh@us%%'t@d?ﬁﬂﬁﬁﬂh%ﬁﬁi&hﬁ{/c h&EGEENA Sy
| ocati on of g?l 911 c%l I's originating in the system andrgldi s%ﬁg%egﬁt hlgﬁﬂthe

| ocati on on a conventi ona onputer nonitor 721.. Th isplay c ri ses a
listing of a|t1angqu\fssé@n an wfdmngppears as no{se to the s1gnafbgng%esgreag.np

10 For timing synchronization with a receiver, an unmodulated pilot signal is
required for every transmitter. The pilot signal allows respective receivers to
synchronize with a given transmitter, allowing despreading of a traffic signal at the
receiver.

In a typical CDMA system, base stations send global pilot signals to all

15 subscriber units within their communicating range to synchronize transmissions in
a forward direction. Additionally, in some CDMA systems, for example a B-
CDMA™ gystem, each subscriber unit sends a unique assigned pilot signal to
synchronize transmissions in a reverse direction.

Figure 2 illustrates a CDMA communication system 30. The communication

20 system 30 comprises a plurality of base stations 36,, 36, ... 36,. Each base station
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.and ‘addresses on a geographic map. 10 - An alternate approach reduces the
nunber of processors by transmitting raw data through the conmuni cati on
system 30 and processing the raw data at a single site. Figure 8 is a
second enbodi nent of a | ocation system At |east two base gbﬁg%ogﬁ 61, 362
36" have their internal timng synchronized with each y 15
transmt their respective global pilot signals 521, 522 ... 52n with tine
synchroni zed chi coge sequences. The subscriber unit 401 receiyves the
gl obal pi | ot 36536, .538, 1S 1n Weless popapunication WithaRurRlisy ehsubssribet unitpd0,,
52z ... 52" are not synchronized. The global pilot 521 froma first base
station 361 wol | 402y ®hidH $iA6€ fikedatdmiobilde! BY@Hskbschiber ?ihﬁms)ge' .Pypot
522 froma secobnd badse station 362 travels di stance dz and Is 20 efaye " by
~2. The subscriber unit 401 recovers each base station's global, pilot chip
-11 17 Mayconmnunisates yath either ﬁhﬁtcipﬁeﬁlsbaéﬁébﬁmlbs 1T theibase station 3o werigh
means 54i: A processor 821 within the subscriber unit 401 is coupled to

each gl obal py ﬂaeﬁ?%)eoscod st &ﬁﬁffﬁhiﬁaﬁ%ﬁ@?ﬁ.lliaéﬁ Base sta@&QBGTbﬁé g& %&f@ $Pr

821 conpares‘the c sequences of each pair of pilot ch1'p

sequences and calcul ates the time differences ~tl, dtz ... fjit" 5 between
t hed sequence SORENMABICABOR Witk 1ather eomapaengnis Wishin the; communigationcsysiera ok as
sequences used by each base station 361, 362 ... 36" are stored. After

synchr oni Zi\r,l\ﬁhmvhhntﬁ‘lgufégjst base station's pilot 361, the processor 821
will store ere wthin the sequence synchroni zati on was obtained. This
process is repeated_for the other base stations 362, 363,... 36". The 10 ~
synchroni zati on prbdecal exghange hfea's'@&lf@ﬁi‘?r&flst}le(WWQPﬁnytt@)mt:ﬂkand
first base station's chip code sequence then the second, etc.) or in

paral | el (sygehrwhiehd with &l plupAs§ cﬁftl?iétﬁv@ﬂ% ifferfabe @ﬁt@F(NIUE?MtI,B.%zU.%i 3.

the relative tine difference betweén ~1, ~z, ... ~n each base station's
chi p code seque nd. knowi ng.that each hase, statian's pil ot was t,.at
PP s o Hah Nrf fiin G eication VaRa RIRGLID ol regpyarar-gatgreCS) a8,

calculated as follows: ~I -~2 -ZI ~2 - T3'2 Equation (6) Equation (7) The
tipg differe Bﬁgs 38 or iisé stationk 36], 36,¢.. B6 arBacH (ROS) 38388} £B8, cribasOitatite
base stations 361.

36,, 36, ... 36, communicates with a plurality of subscriber units 40,, 40, ... 40,

within its communicating range.
Figure 4 depicts a block diagram of the pertinent parts of an existing spread
spectrum CDMA communication system. Each independent base station 36,, 36, ...
15 36, generates a unique global pilot signal using a global pilot chip code generating
means 42, and spread spectrum processing means 44,. The global pilot chip code
generating means 42, generates a unique pseudo random chip code sequence. The
unique pseudo random chip code sequence is used to spread the resultant signals

bandwidth such as to 15 MHZ as used in the B-CDMA™ air interface. The spread

20 spectrum processing means modulates the global pilot chip code sequence up to a
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20 -12 17 May 2002 At | east one base station 361 recovers the tine
difference data fromthe received signals using tine difference recovery
means 841. The tinme difference data is sent with the distance data dI
t hrough the comuni cati ons systemto a processor 68. The prg%gss?ﬁ%?B
determ nes the location of the subscriber unit 401 using thl Wi
difference data ~tl, ~tz ... dt" and the distance data d,, dl d" as
follows. Using informagion fromonly twy bgse stations 36,, 362 as shown in
Figure 9, t Klesisedernisoirequencyyildeghobal plot signaliy rapsaitieditagllsubsacriber nyits
782. Using the tine difference, ~tl, a hyperbola 861 can be constructed as
follows. Allggt I&gm@bagés@ﬁgﬁg trdRniieeso! a 861 receive the gl obal pil ot
signhal s 521, 822 710 "fromthe synchronﬁzed base stations 361, 36Z with
"the same tinme difference, Atl. The tipe difference Atl can be converted to
a di stance differkreeciyar 48y at apsubscubenyniti40, reseives ayaalable) signalsdiromna
~Equation 1. Using the distance fornula and X, Y as the |ocation of the
subscri ber hdals { NY¢ € i L I otire Shalei
o oL oy, PR Of DA, S RSBy inTiente & b glohalprion 50,
maxi mum | i kel i hood estimation, the |location of the subscriber unit 401 can
"beddet er ni ndtaveks{zomths basestation3p; t the subscsiber yni eﬁsmf&em be repsesentest asie
nearest police precinct 741, 74Z ... 74" and 20 anbul ance di spatcher 76 in
.the cellular area. -13 17 May gﬁQaPFor i nproved accuracy, additional base
stations 361, 362 '... 36" are used: Figure 10 shows the invenii .
with three base stations 361, 362, £63. The distances d,, dz2, §33§P§ﬁﬁigd
to create three circles 781, 78i, 783. Using tinme differences LItl, ~tZ,
two intersecting hyperbolas 861, 862 are constructed. Wth 5 maxi num

l'i kel i hood eftid tifak ithe sigrnad taveR droahe basd statib 3, it® the bisscridief dniti 407, £ )0
hyper bol as 861, 862, and three circles 781, 782, 783 yields greater

SSEULZCY, e e en S SE T A A, e

differences ~tl, ~tz ... fit". An alternate approach renoves the processing

.. fromthe sultgchelspeediof lighQke. 10 , Wth reference to Figure 6, the nobile

unit 401 will synchronize the assigned
Referring back to Figure 4, a global pilot chip code recovery means 54,

within the subscriber unit 40, can receive global pilot chip code sequences from a
plurality of base stations 36,, 36, ... 36,. The subscriber unit 40, generates a replica
15 of a global pilot chip code sequence and synchronizes the generated replica’s timing
with the received global pilot 50,. The subscriber unit 40, also has a processor 82,
to perform the many analysis functions of the subscriber unit 40,.
The subscriber unit 40, generates an assigned pilot signal 52, using assigned
pilot chip code generating means 56, and spread spectrum processing means 58,.
20 The assigned pilot chip code generating means 56, generates a pseudo random chip

code sequence with its timing synchronized with the recovered global pilot chip code
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pilot to one of the base station's global pilot chip code sequences, such

as the nearest base station 361 with a delay of il. The assigned pil ot 50I
is transmtted to all base stations 361, 362 ... 36". The assigned pil ot
501 will be received at each base station with a respective]gdlglla 0 1+,
T+ T2, i) + 13, Each base station 36, 362 .. 36n will 14 V&R0

del ayed chip code sequence along with the cal cul ated di stance to a
processor 68 located in a NLU 341 or |ocal exchange 32. The processor 68
wi || cal cul atsequérecet i A® adiesuilértheassigned pilet chip.codkisetjuéncecisrdedayeddoyt tewith
recei ved assigned pilot chip code sequences. Since all received assigned

pilot chip caode s I by i t I lay. will cancel o

of the resul tfsmﬁﬁlﬁ‘%’?‘@? g@ﬂﬂ?ﬁ%;“3?:':IT-“EEB%‘%P%@WWSC‘?SSW@‘H@S 1
Accordingly, the subscriber unit 401 can be | ocated using hyperbol as 861,

862 as previ qeneyateetier adsighed/pitntsignat e biyrmeotulatingrthe msfigged @Hlof ¢hib2cadad
13 uses a base station 361 with nmultiple antennas 881, 88z ... 88p. Two of

t he antennas 88 882 lje_a enterline 9 t_a. knawn..dj st ane |,
apart s showednenct g 16° o7 083 oEhGE Théuenly. *Tn8' s BRI BURL 3B ut
pil ot signal 901, 90Z fromthe subscriber unit 401. However, the antenna
88Z5f urt her avemgnfittednto H tasb statiadnsr3G4036, .4@B6, reitkinengeto red:e;jnathe)mi%:fcd
slightly Ionger distance dl' and with a slight delay with respect to the
nearer antenna1 281. s delay results in a carrier phase difference, -,
bet ween t he 1'% isbgﬂfﬂ t'ecei ved at each antenna as shown on Figure 13. A
processor 66 using the received carrier phase difference and the chip code
sequence recover edllwy base btationi Ieerbcpivestthe fspigned epilaicsigralyS2epwith @1bask6Z
96p can determne the | ocation of the subscriber unit 401 as foll ows.

s Shown | n Ry Foeeit oG AUOREL IRl Ul 04 phise 5RCRb el Hho Srpl ARGl 4 2

scale of Figure 12 both received assigned pilot signals 901, 902 appear to
be coi nci dentas thevglobal pdet sigmah S0p apishowa i1 Figure HecAicoendinglyi theertopivedt

signals 901, 902 are slightly separated. The received assigned pilot signal

.90 t ' ; bk Lo . i st . ved
asaned pi 1 QeEpEdRilol pnal PP BRI 2y il sy B pichile IR AR
88Z travels a slightly longer distance dl'. As shown in Figure

21; with respect to the global pilot 50, generated at the base station 36,.

Since the chip code sequence of the assigned pilot 52; received at the base
station 36; will be delayed by 21, with respect to the chip code sequence of the
global pilot signal 50, generated at the base station 36,, the round trip propagation

15 delay, 2t,, can be determined by comparing the timing of the two chip code
sequences. Using the round trip propagation delay, 21;, the distance d , between the
base station 36, and subscriber unit 40, can be determined by:

d=c:

SR

Equation (2)
20



Il, the difference between the two distances dl, d,' is a distance m Since
the distances d j, dl' between the antennas 881, 88Z and the subscri ber
unit 401 are much | arger than the distance 1 between the antennae 881, 882
both 5 received assigned pilot signals 901, 90z follom1appr?ﬁbfatfl

paral l el paths. By constructing a right triangle using a po Y ichis
di stance dZ fromthe subscriber unit 401 as shown in Figure |1, the angle
can be determned by the foll owing geonetric relationship: = C4S'1 (ml).
Equati on (9)If18 spreading sequence leving e chippingiratedobat dedst @Onbds ased iagid thease
difference, ~, between the two received signals 901, 902 as follows: 2n

Equation (10) The distance m equal s.the as | ff er ence between the t
signals, ~, 'W‘%wﬁﬁsmﬁgﬁﬁ\‘:&?ﬂ@ tg?fécﬁ,&&é e?éﬁ %“Bf &Fﬁﬁéﬁ“gﬁéﬁa“%
di vided by 2n. The wavel ength, ~,, can be derived fromthe known frequency

f of the assiigasadeditbabitlindhaietees. foll ows: ~, = clf Equation (11) -16 17
May 2002 The processor 68 al so conpares the chip code sequences of the

gl obal pil ot genegating,nea 2. with the. recoyered assigned pi] ot chi
code sequence to @@%Kaﬁ%%§m8%aﬁh§%c@ﬁ8%ﬁn?‘ﬁ@i wPEe gl{ggpﬁ o’goth
the angle and distance dr, the processor 66l |ocates the subscriber unit
4015 usi ng si Npl aelditbomal trayd witeds eequiteddnehersutyscribehunigdfs. The bnknchangesare
those skilled in the art to elimnate the anbiguity between | ocations above

ol oyi ng scuRBRITERLeRD 1Y sufsSie iy Ui sh BRI, Bk S, B RORE AR e

sent to the precincts 741, 742 ... 74" and anbul ance di spat cher 76.

Addi tional aptaeessiss 66y, 66¢..166,68,70, 70,0y #0plocated withinthe pase station 34,5 NEti
10 An alternate enbodi ment uses nore than one base station 361, 362 ...

oxchange 32 oy oacdet BRcRaREE 32 kel T, B ey Aloflbnds Bioehdie 76

station 361, 362 ... 36a as well as the tine differences ~tl, LIti ... ~to,
bet ween t he base Thatshbscritgsunitzl; is serd@mignalibyp base statiom3éy indicating shat a
estimation technique, the processor 68 determ nes 15 a nore accurate

=logption of b9p SHRFL infeitel 3l 16 Blgin the subscriber location protocol. Upon receipt,

the subscriber unit 40, will sequentially synchronize its transmission chip code
sequence to at least three base stations’ chip code sequences. To allow reception by
the base stations 36,, 36, .. 36, outside of the subscriber unit’s normal
communicating range, these transmissions will be sent at a higher than normal power
15 level temporarily over-riding any adaptive power control algorithms.

A processor 66, within each base station 36,, 36, ... 36, is coupled to the
assigned pilot chip code recovery means 64, and the global pilot chip code generator
42,. The processor 66, compares the two chip code sequences to determine the
round trip propagation delay t,, T, ... T, and the respective distance d,, d, ... d,

20 between the subscriber unit 40, and the respective base station 36,, 36, ... 36,.
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A fourth enbodi ment corrects for nmultipath. Figure 14 illustrates

mul tipath. A signal such as a global pilot signal is transmtted froma
base station 361. The signal follows a nultitude of paths 981, 982 ... 98p
bet ween the base station 361 and subscriber unit 401. -17 %%@N§¥9€002
Figure 13 is a graph show ng the inpul se response 136 of t Hd May d
mul ti path conponents. Since each received nultipath conponent travels a
uni que path, it arrives at a receiver with a propagation del ay determ ned

by the length of tWithimeithQHINIUS, or theddtal ekchanged2, seproesyson 68 rddiivesthes
the collective 5 signal magnitude of all the nultipath conponents received

Tocati on t eoRgHes diede i TREPLRRBHRstr G Boun 5ty RIRRAT Tebisp stptions
line of sight nultipath conponent 98, traveling distance d,. However, if

t he subscri bé36,u864 ..s§6:hThaiprecessot 68 aisav theldistances df, &, .ghd,, wuddtesning the
conponent 981, 982 ... 98", the distance calculation will be in error due

to the del ay,MD1. as Q i n.Fi qur. 5 Fhaure 16 is a systemcorrecting
for errors régfﬁ]t{‘?%%?&\ﬁgn ﬁ‘if?‘?‘?fgﬂ?ﬁ‘.'&nﬁfef%b‘g&ﬁm pilot 501 is sent fromthe
base station 361 to subscriber unit 401. The subscriber unit 401 collects

allSof the mul ti pdyusingihe&nbwnuisngitude and lativaddfrom heeebasey stifidis 36/¢862s
disclosed in U S. Patent Application No. 08/669, 769, Lonp et al. A

processor 82, thig the subscryi her ,uni.t 4 I he ,hNNU] Se r.esponse
100 of the. r bsrbddiyiistnda de OF Mithiondt RS Pab B delityiifed °A3
mul ti path conponent 981 travels the shortest distance d,, the first

recei ved conphoemtindBigure 7teusingshothree gistanvesdprdgnd,, thfeetdiecl@078,i, 18,,418,
si ght conponent is not received, the first received conponent 98, wll be

Si gt conponahi iEE8:80. 89, hCcSRL BT Bl bl B8 Thi 29 cls hBred R

sequence of the first received conponent 981 . with the chip code sequence
used to synclarespentivetbase statipnalb, p36.4586¢ e ndersectinpuefithe. thitei ciroten 7y 789n
determ nes the delay due to nmultipath, MD. The

10 78, is at the location of the subscriber unit 40,.

Using the Cartesian coordinates, the longitude and latitude corresponding
with each base station 36,, 36, ... 36, is represented as X,, Y, where X, is the
longitude and Y, is the latitude. If X, ¥ represents the location of the subscriber unit

40,, using the distance formula the following equations result:

15 X-X)? +(Y-Y) =d? Equation (3)
X,-X)? +(Y,-Y): =d}? Equation (4)
(X;-X)? +(Y,-Y) = d;? Equation (5)

In practice due to small errors in calculating the distances d,, d, , d;,
Equations 3, 4 and 5 cannot be solved using conventional algebra. To compensate

20 for the errors, a maximum likelihood estimation is used to determine the location and
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mul ti path delay, MDI, is transmtted to the base station 361. S A processor
661 and nmul tipath receiver 1041 within the base station 361 performthe
sanme anal ysis on the received assigned pilot signal. As a result, the

mul ti path delay, MD2, of the assigned pilot signal is deter rJ;h@ed
Additionally, nultipath delay recovery nmeans 1061 recovers K aY?Qﬂ%m‘ tted
gl obal pilot signal's nultipath delay MJ for use by the processor 661. The
processor 661 compares the | O generated gl obal pilot chip code sequence to
t he recover 8t wellikpawn o mseca%m\ée%w@e%q uBercincressed acewiagy, additioral haseri p
propagation delay 2i1l. To correct for nultipath, the processor 661
subtracts b | sdal 3 | i - i ; I ;
assi gned pi ?%‘?‘O?Pgr? 1%&?&“%??&%?330 %%mﬂ‘agéoﬁlﬂgﬁégacﬁgtu atse%?(ril%‘gﬁ Oztlrnllp
"propagati on delay, 2T1. The, corrected round trip propagation delay is used
to 1S det er HichestiraatianBaalysiser unit's location in one of the techniques as
previ ously described. Although the invention has been described in part by

meking detail ed rgfeehiftiReRbéCuKiEslIBEicP R Gehi &nﬁ%ﬂéﬂie%ﬁupﬁﬁ%n@?&t@ﬁ 305

intended to be instructive rather than restric [t w be appreci ated

by those skilled in the art thaé many, - 19 17 May 2Q02 variations may be
‘madle i n t hel@atlgastane pigeingbdd:. dr; @%naandﬁﬂ anbulsnee dispatchend6s Adprocessor

scope of the invention as disclosed in the teachings herein. -20 17 May

B2 o7y whtii LAl pieRindd FagrRN Taldod thosbliiios dpiRHe 16 Tediiids e )

using a pl urafity of base stations in a wreless conmmuni cati on
system each base sjation (36) transmtting a first spread spectrum signal
having a fi feqatidsd ,ailoflleaelﬁs PEigHIaliag 1n; thsystegm and displays, fie: loostien @ &
(40, ) transmts a second spread 5 spectrum signal having a second code to

that recei veanbértidnal cofiputér rhofiRosT 2t ITHe digélhy conprisea lisang oedil il kalidat
received first signal, the nethod characterized by: for each received first

signal at the,sulscriber unit Q anal yzi ng an i mpul se response of

nul tipath c aﬁ §°§)?ntat€§t°gré§§’@¢ ‘first signal to 10 determne a first
recei ved conponent;

10 . An alternate approach reduces the number of processors by transmitting raw

data through the communication system 30 and processing the raw data at a single
. site.
Figure 8 is a second embodiment of a location system. At least two base
stations 36,, 36, ... 36, have their internal timing synchronized with each other and
15 transmit their respective global pilot signals 52, §2, ... 52, with time synchronized
chip code sequences. The subscriber unit 40, receives the global pilots 52,, 52, ...
52, . However, the received global pilots 52,, 52, ... 52, are not synchronized. The
global pilot 52, from a first base station 36, will travel distance d, and is delayed by
T;. The global pilot 52, from a second base station 36, travels distance d, and is

20 delayed by t,. The subscriber unit 40, recovers each base station’s global pilot chip
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~at each base station (36), analyzing an inpul se response of mnultipath
conponents of that base station's received second signal to determne a
first received conponent; for each base station (36), determ ning a

di stance between that base station 15 (36) and the subscri 3§M#J’n%¢102(40’)
based on in part a timng difference between the second code 0 e

recei ved second signal and the first code of that base station's
transmtted first signal ,and th de,&er i,ned first received, conponent for
that base st%deoﬁ?%ep%é’ﬂ&e‘és g@ga | GPUR, code FReOyEryameaRs Ad- t AProerssor 83; of
the subscriber unit (40, ) based on in part the 20 determ ned di stances, a
fixed locati aHe t4 (&ﬁ? 1 i 1

estimation. Gbg[}llﬁ{ tt%?&'h;/bay ZO{)glhg.‘ﬂ'?lkrlig me L%tboféa%l?glidg‘dgbpgfﬁ 215{18&1% recovery
characterized by t{he hase Et%ilons (36) ire time synchroni zed to each
other: the susaey e S2uni $4y 4bhe PrgsessorBRecompresthechipsods sequsmeesobpacion
between the received first signals and transmts a representation of the
time differe , [ i ' fef i H5&s Athe
determined t rreog?%]ﬁte‘?lgﬁgga %ge%gdg?lﬁn%&l%@ﬁglaﬁb%grﬁ%ﬁ@f%ﬁlt |O&Cté.’t f&('i’h é‘n
The nethod of claim1 further characterized by the base stations (36) are
ti e synchr obetveanhe sequensesnas follows.e di fference of reception between
each base station's received second signal is determ ned; and the maxi mum "’
likelihood esti mawiginuhe subberitetaini0gdhé chip eodd ipRaced GsedebPeatBadde

5 subscriber unit location. 4. The nethod of claim?2 or 3 further

characterized b i a formula fo per bol a, associated with each tjne
di fference aﬂé“éﬂ gg ’%H--f are étqreé-e%éjg%mab@alwg Avith the fest basg sation’s
di stance in the maxi nrum|li kel i hood estimation. 5. The nethod of claim1l1, 2,

3 or 4 furt hgflot@) thepeotessek 82 will§tdre Wiee Kahan thefseqacivessneRdni2ionl was
time synchronized to the determned first received conponent of its

received first signagl..-22 17 May 2002 6. The jet hod. of aim1i, _2) or
4 further chebawes, ?t’é‘d R9cessds §?ﬂfé&?qog§r86rﬂ et base S}at{‘?“éré&r bg; ng?gfhﬁ’e
each base station (36), a representation of

10 - synchronization process can be done sequentially (synchronizing to the first base

station's chip code sequence then the second, etc.) or in parallel (synchronizing to all
base stations at the same time).
By using the relative time difference between 1y, T, ... T, each base station's

chip code sequence and knowing that each base station's pilot was sent at the same

15 time, with two base stations the time differences are calculated as follows:
Aty =1, -1, Equation (6)
At = T,-1, Equation (7)

The time differences At,, At, ... At, are transmitted to at least one of the base
stations 36,.

20
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:a tinme difference between the first received conponent and a

synchroni zation tinme of the transmtted second signal of that base station
(36). 7. A wreless CDVA conmuni cati on systenfor |ocating a subscriber unit
(40,) using a plurality of base stations (36), each base stla}ti gnzéﬁ)
transmtting a first spread spectrum signal having a first cc%!’,’ or each
received first signal, the subscriber unit (40,) transmts a second spread
spectrum signal 5,hgving a second .code to that received first signal's base
station (36) ti M&ﬁﬁ%r% E@ﬁ? stian (30 (repeyeds e tme slifferencs) data Hsomy theem
characterized by: the subscriber unit (40,) conprising nmeans (82,), for

each recei vagcéivedsigialifading tigie cﬁﬂ%kéﬁ:ic'i‘ﬂco?v@? Heeh§84, CHRANGE dfferdnbe 'g&&t h
conponents of that received first signal to determne a first recelve

‘conmponent; 10 each, base station %%6 conpr.ising neans, (66) for analyzing an
i npul se resp§§§At Wf'-?lﬁﬁpﬁﬁwqﬁ% 0@!99 dhe GATRMUBIGALIONS AYFISM 1 4 PrAgessQr
second signal to determne a first received conponent, neans for

det er m ni ng 68,dThed6ecdR6 B MetdridhePBRositiin 8N tHe3MlbseBet ﬁﬁitW%fdgg&%f

unit (40) based on'in part a timng difference between the second co

_the received, secopd signal and fhe 15 first code of that base statjon's

t rgnsm' tted timfeﬁf}ae@ﬁg&%gtm h‘&"zde-tg% e distance data w’e% e dhpsdeHewsor
that base station's received second signal; and -23 17 May 2002 neans
-(66, 68, 70) for UgingriffernidicnRohP6l thd KHse shRiondBo;) 36,045 sHvin RAFRANYD
in part the determ ned distances) a fixed |ocation of each base stat ion
(36) and a xjmum | i kel i hood estinpti.on. 8. The system,of_ claim7 further
Char act er | 2o Uy PrORESERRWSCS CIARGES dief) W-e1eate; (O QYRIER 7B Hod UnE timtime
ot her; the subscriber unit (40,) having neans (82,) for determning a tine

di fference diffep@irie] A9)) aligipesila 86¢ carebe cussinidtéd s foliowed.s; and nmeans (60,)
for transmtting a representation of the tine difference; and the S nmaxi num

| i kel i hood estimatj.on usjing the determined tine,difference.to deteryine the
subscri ber unit I%béﬁ?Bﬂm ‘?‘lo‘l‘ﬁéh%%ﬂegh&ég‘scF%CHW&’FL&EMP]@HW 1 by
the base stations (36) are tinme synchronized to each other; the system

f Aot her confromithg symadirenized basbstatids 36)1 36l ith diesange tiniel diffegdrice AL N TheOf
recepti on between each base station's received second signal; and the

“Getermme « MnERLeERBe AT Y GhlErls o § o ThEl PRl Ra b B s

further characterized by using a formul a
for ¢, and Ad, for d; in Equation 1. Using the distance formula and X, Y as the

location of the subscriber unit 40,, the following equation results:

15 Adl =¢(X1 _X)2+(Y1_Y)2_‘/(§2,_X)2+(Y2_Y)2 Equatlon (8)
By using Equation 8 with Equations 3 and 4 in a maximum likelihood

estimation, the location of the subscriber unit 40, can be determined. The subscriber

unit’s location is subsequently sent to the nearest police precinct 74,, 74, ... 74, and

20 ambulance dispatcher 76 in the cellular area.
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:for "a hyperbol a associated with each tinme difference and a fornmula for a
circle associated with each determ ned distance in the maxi num|i kel i hood
estimtion. -24 17 May 2002 11. The systemof claim7, 8, 9 or 10 further
characterized by the transm ssion of each second signal is LR 2002
synchroni zed to the determi ned first received conponent of |ts ¥ &C¢i ved
first signal. 12. The systemof claim7, 8 9 or 10 further characterized
by the subscriber unit (40,) conprising nmeans (60,) for transmtting for
each base stati orForalmpreéeaquacgn additional basadstations 36g, 36 ved6, atecused.

cl osest line of sight conponent and a synchronization tine of the

t tted ; ; ‘sta

AF. Ry, Aas TEORC J G0, ofE, i URlioR S At shfbe B iihs 36, 36,, 36:. The

. Aa. A@ AE. As A. A . AN ATkKTGHA6G' sZA Z . . .

4{ vql gb] X] c alistaess] dp] da]daprealise] ¢ajaredte dhoee Fireles 818 TdBgaT8a] diding]tang cal

ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] c<a! 4xb" n

cal ch] cal cal ﬂr@g]%?}ﬁa] 28} SN Ty RO BUERAPB R r B0 &S ROBRNARAT Wi

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal caU] ca] cal ca] ca] ca]caJca] ca
] c8] ca] ca] cahaximuntib e ood estimation, the su scnber units’ Jocation calculated with two
% ?'E'L!' Q{vqgl gb] WJ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c

2l ool cal oal ghealanl aal 88l satltrdd Gaice AR) 18 BSlields deater AR ifﬁf/&{% c

a] caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal caUca! ) Ara***V+++C, , , ,,
Yo 2/ 6/ >/ \ | iscshown ipd{igpre 8zithe ahbscriben unit 4&;ais ceghived tapradasaéhch] ca
] cal] ca] ca] c$a] ca] ca] ca] ca] ca] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! POOO@. 111

| ca] ca] ca] o oo e SRAPERR: f%ﬂ“ﬁ%&r%%ﬁ]%%ﬁ% B CaR oo
] ca 777777775888809593999D: X: \
; 1<y<<=g==Aq m}%m)rzas}fcmawm@m@qsmgﬁw@@apbmr@a]tcﬁﬁlcaq calca

] ca] ca] ca] cal] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca\/] ca V] cha >%u>swez>>>>

0?1 2MPY?222727-
] ca] ca] ca] caV] ca] ca| caV] ca] Cgﬁaﬁgﬁ@gﬁ%ﬁlc éi cajc ‘Q?i %@kﬁﬂ?ﬂli %‘fe“ci'ﬂgg?lga ]c;]i

BBBBBBBBBBBBE@} to eneeicdhpbapssiption srgiebslpilot shipnade spquenges sk as the rearest] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] cal] ca W] ca\/] ca

UV] cal] cal] dake atellienal36a with a delay of T,. The assigned pilot 50, is transmitted to all base
V] caV] caGChOGHHH gl T 11 &I AT B %0 #RaKKKoL L LOVHMVNXNC A Nb Rk N vgRe: ZUl cal

) o ke sl s
RIRARSR{ R| wr | gb\ ke ZU] ] ca\/] ca] ca] caV] ca] ca] ca] caV] ca] ca] caV] ca] ca] ca]caV]c

a] ca] cal] ca]withh cespeetifeddlay) tat caltg al 144 ,caf o diach base station 36,, 36, ... 36, will
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Q- 0 Another embo dlrnent shgz)vn?% Fqgures 11,12 and uses(a) base station 36,

with multiple antennas 88;, 88, ... 88,. Two of the antennas 88,, 88, lie along a
5 centerline 92 at a known distance, /, apart as shown in Figure 11. Both antennas
88,, 88, receive the assigned pilot signal 90,, 90, from the subscriber unit 40,.
However, the antenna 88, further away from the subscriber unit 40, receives the
signal over a slightly longer distance d;' and with a slight delay with respect to the
nearer antenna 88,. This delay results in a carrier phase difference, ¢, between the
10 signals received at each antenna as shown on Figure 13. A processor 66 using the
received carrier phase difference and the chip code sequence recovered by each
-assigned pilot chip code recovery means 96,, 96, ... 96, can determine the location
of the subscriber unit 40, as follows.
As shown in Figure 12, the subscriber unit 40, is located at distance d, at
15 angle « from the centerline 92 of the antennas 88,, 88,. As seen at the scale of
Figure 12 both received assigned pilot signals 90,, 90, appear to be coincident.
However, as shown in Figure 11, the received assigned pilot signals 90,, 90, are
slightly separated. The received assigned pilot signal 90, returning to the first

antenna 88, travels a distance d,. The received assigned pilot signal 90, returning
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Since the dlstanccs d,, d,' between the antennas 88,, 88, and the subscriber

unit 40, are much larger than the distance [ between the antennae 88,, 88, both
5 received assigned pilot signals 90,, 90, follow approximately parallel paths. By
constructing a right triangle using a point 94 which is distance d, from the subscriber

unit 40, as shown in Figure 11, the angle « can be determined by the following

geometric relationship:
« = COS™ (mN). Equation (9)
10
The distance m can be determined by using the carrier phase difference, ¢,
between the two received signals 90,, 90, as follows:
o-A .
= X2 E
m= <~ quation (10)
The distance m equals the phase difference between the two signals, ¢, in radians
15 multiplied by the wavelength of the signal, A, divided by 2n. The wavelength, A,

can be derived from the known frequency f of the assigned pilot signal as follows:
A =c/f.

Equation (11)
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d,, the processor 66, locates the subscriber unit 40, using simple geometry. There

5 are many techniques well known to those skilled in the art to eliminate the ambiguity
between locations above and below the antennas 88,, 88,. One such technique is
using antennas employing sectorization. Subsequently, the subscriber unit’s location
is sent to the precincts 74,, 74, ... 74, and ambulance dispatcher 76. Additional
antennas may be used to improve on the accuracy of the system.

10 An alternate embodiment uses more than one base station 36,, 36,... 36,. A
processor 68 located within either a NIU 34, or the local exchange 32 collects
distance and angle information from more than one base station 36,, 36, ... 36, as
well as the time differences At,, At, ... At,, between the base stations 36,, 36, ... 36,
Using the maximum likelihood estimation technique, the processor 68 determines

15 a more accurate location of the subscriber unit 40,.

A fourth embodiment corrects for multipath. Figure 14 illustrates multipath.
A signal such as a global pilot signal is transmitted from a base station 36,. The
signal follows a multitude of paths 98,, 98, ... 98, between the base station 36, and

subscriber unit 40;.
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"109%& ()- 1Qength of the path 98,, 98, ... 98,. The impulse response 106 shows the collective
5 signal magnitude of all the multipath components received at each propagation
delay.

The previously described subscriber unit location techniques assumed the
subscriber unit 40, synchronizes with the line of sight multipath component 98,
traveling distance d,, However, if the subscriber unit synchronizes with a non-

10 line of sight multipath component 98,, 98, ... 98, the distance calculation will be
in error due to the delay MD; as shown in Figure 15.

Figure 16 is a system correcting for errors resulting from multipath. The
global pilot 50, is sent from the base station 36, to subscriber unit 40,. The
subscriber unit 40, collects all of the multipath components using a multipath

15 receiver 102, such as disclosed in U.S. Patent Application No. 08/669,769, Lomp
et al. A processor 82, within the subscriber unit 40, analyzes the impulse
response 100 of the received global pilot signal 50;.

Since the line of sight multipath component 98, travels the shortest

distance d,, the first received component 98, is the line of sight component. If the

20 line of sight component is not received, the first received component 98, will be
the closest and, accordingly, the best available estimate for the line of sight
componeﬁt. The
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with the ¢ 1p code sequence used to synchronize the assigned pilot chip code

sequence. This comparison determines the delay due to multipath, MD,. The
multipath delay, MD,, is transmitted to the base station 36,.

A processor 66, and multipath receiver 104, within the base station 36,
perform the same analysis on the received assigned pilot signal. As a result, the
multipath delay, MD, of the assigned pilot signal is determined. Additionally,
multipath delay recovery means 106, recovers the transmitted global pilot signal’s
multipath delay MD, for use by the processor 66,. The processor 66, compares the
generated global pilot chip code sequence to the recovered assigned pilot chip code
sequence to determine the round trip propagation delay 2t,, To correct for
multipath, the processor 66, subtracts both the global pilo; signal’s multipath delay
MD, and the assigned pilot signals multipath delay MD, from the calculated round
trip propagation delay, 2t,. The corrected round trip propagation delay is used to
determine the subscriber unit’s location in one of the techniques as previously
described.

Although the invention has been described in part by making detailed
reference to certain specific embodiments, such detail is intended to be instructive

rather than restrictive. It will be appreciated by those skilled in the art that many
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for each received first signal, the subscriber unit (40,) transmits a second spread
5 spectrum signal having a second code to that received first signal's base station
(36) time synchronized with that received first signal, the method characterized
by:
for each received first signal at the subscriber unit (40,), analyzing an
impulse response of multipath components of that received first signal to
10 determine a first received component;
at each base station (36), analyzing an impulse response of multipath
components of that base station's received second signal to determine a first
received component;
for each base station (36), determining a distance between that base station
15 (36) and the subscriber unit (40,) based on in part a timing difference between the
second code of the received second signal and the first code of that base station's
transmitted first signal and the determined first received component for that base
station's received second signal; and
determining the location of the subscriber unit (40,) based on in part the
20 determined distances, a fixed location of each base station (36) and a maximum

likelihood estimation.
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(36) are time synchronized to each other; the subscriber unit (40,) determines a
time difference of reception between the received first signals and transmits a

representation of the time difference; and the maximum likelihood estimation

5 uses the determined time difference to determine the subscriber unit location.

3. The method of claim 1 further characterized by the base stations
(36) are time synchronized to each other; a time difference of reception between
each base station's received second signal is determined; and the maximum
likelihood estimation uses the determined time difference to determine the

5 subscriber unit location.

4. The method of claim 2 or 3 further characterized by using a formula
for a hyperbola associated with each time difference and a formula for a circle

associated with each determined distance in the maximum likelihood estimation.
3. The method of claim 1, 2, 3 or 4 further characterized by the

transmission of each second signal is time synchronized to the determined first

received component of its received first signal.
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time of the transmitted second signal of that base station (36).

7. A wireless CDMA communication system for locating a subscriber
unit (40,) using a plurality of base stations (36), each base station (36)
transmitting a first spread spectrum signal having a first code, for each received
first signal, the subscriber unit (40,) transmits a second spread spectrum signal
5 having a second code to that received first signal's base station (36) time
synchronized with that received first signal, the system characterized by:
the subscriber unit (40,) comprising means (82,), for each received first
signal, for analyzing an impulse response of multipath components of that
received first signal to determine a first received component;

10 each base station (36) comprising means (66) for analyzing an impulse
response of multipath components of that base station's received second signal
to determine a first received component, means for determining a distance
between that base station (36) and the subscriber unit (40) based on in part a
timing difference between the second code of the received second signal and the

15 first code of that base station's transmitted first signal and the determined first

received component for that base station's received second signal; and
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are time synchronized to each other; the subscriber unit (40,) having means (82,)
for determining a time difference of reception between the received first signals;
and means (60,) for transmitting a representation of the time difference; and the
5 maximum likelihood estimation using the determined time difference to

determine the subscriber unit location.

9. The system of claim 7 further characterized by the base stations (36)
are time synchronized to each other; the system further comprising means (66, 68,
70) for determining a time difference of reception between each base station's
received second signal; and the maximum likelihood estimation using the

5 determined time difference to determine the subscriber unit location.
10.  The systemof claim 8 or 9 further characterized by using a formula

for a hyperbola associated with each time difference and a formula for a circle

associated with each determined distance in the maximum likelihood estimation.
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12.  The system of claim 7, 8, 9 or 10 further characterized by the
subscriber unit (40,) comprising means (60,) for transmitting for each base
station, a representation of a time difference between the closest line of sight
component and a synchronization time of the transmitted second signal of that

base station (36).
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