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access (CDMA) conmuni cation systens. More particularly, t

invention relates to a systemand nethod that determ nes the,geggraphic

| ocation-of a subscriber unit within a CDMA communi cati on system
Description of the Prior Art Wrel ess systens capable of |ocating a

subscri ber are presently known in the art. One wireless technique uses the

| obal o _ 0
ecer veREnidn A SATBMEORFOERHR  shdhns StmsClfen, KITBAN FOM AR AT b
Each satellite transmits data indicating the satellite's identity, the

| ocation of the satellite and the tinme the nessage was sent. The handset
conpares the tinme each signal was received with the tine it was sent to
determ ne the distance to each satellite. Using the determ ned di stances
bet ween the | .and the handset along with the | ocation of each
“satellit ’e!iﬁ%ﬁié%ﬁg?n%gﬁ triangulate its |location and provide the

i nformation to a communi cati on base station. However, the incorporation of
a GPS within dlkishinyentien genetallyrrelates & spread spsttrum code division multiple

D

'access (CDMA) communication systems. More particularly, the present invention
relates to a system and method that determines the geographic location of a

subscriber unit within a CDMA communication system.

Descﬁption of the Prior Art
Wireless systems capable of iocating a subscriber are presently known in the
art. One wireless technique uses the global positioﬁing system (GPS). In GPS, th¢
communication handset receives data transmitted continuously from the 24
NAVSTAR satellites. Eaéh satellite transmits data indicating the satellite’s identity,
the location of thé satellite and the time the message was sent. The handset
* 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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A G()(ﬁﬁﬂ? Anot her subscriber |ocation technique is disclosed in U S
Patent No. - 5,732,354. A nobile tel ephone using tinme division nmultiple
access CIl DVA) as the air interface is located within a plurality of base
stations. The nobile tel ephone neasures the received signal strength from
each of the base stations and transmts each strength to each respective
base station. At a nobile switching center, the received signal strengths
fromthe base ta&kons are conpared and processed. The result yields the
di st ance bet otheE sHhscnber; docasienntechnqueath disclesest ani UiS. Patemt Nbese

di stances, the location of the nobile tel ephone is calculated. Wreless
communi ca8,732,35%stAe i1 t8lg; ERToa ' ' s.are

i ncreasing in popul gﬁ%t@lﬁﬁﬁﬁﬁgﬁgg\ﬁé %ﬁigrlrﬁﬁ %ﬁ@%@%cggm;as@%t ens,
data is trapsmtted using a,w de bandwi dth (spread spectrunm) by nodulating
the data & {He aﬁ%&ﬁ?ﬁﬁ%w‘%ﬁm}m of djge iseasionsh eThe anabilea tpleplgniened i s
that CDMA systens are nore resistant to signal distortion and interfering

f r equencimeasures! the receivedrsipnaPSuaiith fHéia ’éa@l?%% f%%é g@gééghg%iéhﬁ&ot he

nore comon time division nultiple access n
mul tiple @gc?rssgﬁﬁ%\@l techni ques. There exists a need for an accurate
nobi | e s&BSRE GBS gaghyrespeeiives Daseostation: At adgobile switchingigenteni thebl e i n
an existing CDVA comruni cation system

received signal strengths from the base stations are compared and processed. The

result yields the distance between the mobile telephone and each base station. From
these distances, the location of the mobile telephone is calculated.

Wireless communication systems using spread spectrum modulation.
techniques are increasing in popularity. In code division multiple access (CDMA)
systems, daté 1s transmitted using é wide bandwidth (spread spectrum) by

.-'-mo_dulating the data with a pseudo random chip code sequence. The advantage
gained is that CDMA systems are more resistant to signal distortion and interfering
frequencies in the transmission path than communication sy;s_tems using the more
common time division multiple access (TDMA) or frequepéy division multiple
access (FDMA) techniques.

There exists a need for an accurate mobile subscriber unit location system that

uses data already available in an existing CDMA communication system.



-2 SUMVARY OF THE | NVENTI ON The invention determ nes the geographic

| ocation of a subscriber unit within a CDMA communi cation system At | east
one base station transmts a spread spectrumsignal with a chip code
sequence uni que to that base station. A subscriber unit receives the base
station signal and transmts a spread spectrum-signal with a unique chip
code sequence tine synchronized with the chip code sequence of the

recei ved base station signal. The base station receives the subscriber unit
signal and conpares the smngm OQNecei ved subscriber unit
signal- wwth the chip code sequence signa transmtted by the base station
to determ ne hﬂ@ Jocati o of the subscriber unjt. BRI EF DESCRI PTI ON OF THE
DRAW NGS  Fi g IEVF%U% clermues the S‘PPQﬂPIHCleﬁﬂqufeajsuhsﬁnbcr unit within
system Figure 2 is an illustration of a prior art CDVA system Figure 3

i s a bl ogkCHMA asi@huniBativn 8 eptSeuitt G basep 5ta%na&5ns%W§§&em

Figure 4 is a block diagramoi conponents within a pr| or art yStem
Flgure5 |s an illustratign of a global pilot and, an assi gned pil ot
si gnal Wﬁ &’t &“B&P@Eé %fﬁawwputﬁﬁ%ﬁasw@bﬁwmb@m -3

unit receives the base station signal and transmits a spread spectrum signal with a

unique chip code sequence time synchronized with the chip code sequence of the
received base station signal. The base station receives the subscriber unit signal and
compares the chip code sequence of the received subscriber unit signal with the chip

- code sequence signal transmitted by the base station to determine the location of the

~ subscriber unit.

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.
Figure 3 is a block diagram of major components within a prior art CDMA
.system.
Figuredisa bloék diagram of components within a prior art CDMA system.
Figure § is an illustration of a global pilot signal and an assigned pilot signal

being communicated between a base station and a subscriber unit.



Figure 6 is a block diagramof a first enmbodi ment of the present invention
using at least three base stations. Figure 7 is an illustration of |ocating
& subscriber unit using the first enbodinment of the present invention with
at |least three base stations. Figure 8 is a block diagramof a second
enbodi nent of the present invention show ng conponents used in a
subscriber unit. Figure 9 is an illustration of |ocating a subscriber. unit
using the second  enbodi nent of the present invention with two base
stations. Fi guFggdfe 65s arblotk didgral ofa fifst lepitsddimene of WRS prdsBat invBhtion'si NY
the second -enbodi nent of the present invention with nore than two base

stations. Figure 11 is detailed illustration of the third enbodi nent of
the presehsingat least thres base s1aoBs-pase station with multiple antennas.
Figure 12 is an illustration of the third enbodi nent having a base station

with mltipl eFggbedTass anFillisiratids dfsm@aehgcik stbacHilsen fhitCaTRE RO fFrsysed
in the third enbodiment. Figure 14 is an illustration of nmultipath. Figure

Figur e 10cRBORTAC BF Raras BveaDApRERECIcARTGF CRsE SAIGRRe boai moni
correcting for nultipath. -4 _
Figure 8 is a block diagram of a second embodiment of the present invention
showing components used in a subscriber unit.
Figure 9 is an illustration of locating a subscriber unit using the second
- embodiment of the present invention with two base stations. |
Figure 10 is an iHusUaﬁon of locating a subscriber unit using the second
-;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. - |
Figure 13 is a block diagram of components used in the third embodiment.
Figuré 14 is an illustratio_n 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 mﬁltipath.



DESCRI PTI ON OF THE PREFERRED. EMBODI MENTS The preferred enbodi nents will be
described with reference to the drawing figures where |ike nunerals
represent like elenents throughout. Shown in Figure 1 is a sinplified CDVA -
communi cati on system A data signal with a given bandwdth is mxed with a
spreadi ng code generated by a pseudo random chip code sequence generator
producing a digital spread spectrumsignal. Upon reception, the data is
reproduced after correlation with the sane pseudo random chi p code

f?gﬁgacgsfiﬁdb;mﬁﬁmﬁﬁﬁgﬁmw ﬂ e SWPMDF ead. For

timng synchronization with a receiver, an unnodul ated pilot si gnal is

required for eYheyprefemredrerhbadimentsewiil beﬂcscr@bmi with|referencestocthe idvawing
receivers to synchronize W|th a given transmtter, allow ng despreadi ng of

e AR S BSR tBleschCuls BT Rt o Pnee statons

comruni cat i ng range to synchronl ze transnmi ssions in a forward direction:
Addi tional l'y, Showaria Kigute dyistaesimplifoed €DV eomnmmcamm systemstAedataeach

subscri ber unit sends a uni que assigned pilot signal synchroni ze
transm ssi.on 1@% é@/ﬁs

comuni cat! %ﬁ‘zﬁé %bﬁéq%‘gd@bﬁwga@hg%%ﬁsyswgn E)lrgr%rt?ﬁs l} urality
of base stations 361, 362 ... 36g. Each base station

random chip code sequence generator producing a digital spread spectrum signal.
Upon reception, the data is reproduced after correlation with the same pseudo
random chip code sequence used to. transmit the data. Bvery other signal within the
transmission bandwidth appears as noise to the signal being despread.
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 5ystcm, base stations send globgl pilot siénals to all
subscriber units within their communicating range to synchronize .transmission.s in
a forward direction. Additionally, in some CDMA systems, for example a B-
CDMA™ system, 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

system 30 comprises a plurality of base stations 36,, 36, ... 36,. Each base station
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5 361, 362 ... 36. is in wireless conmunication with a plurality of

subscri ber .units 401, 402 ... 400, which may be fixed or nobile. Each. _
subscri ber unit 401, 402 ... 40n comunicates with either the cl osest base
station 361 or the base station 361 which provides the strongest

comuni cation signal. Each base station 361, 362 ... 36. is in

_comruni cation with other conponents within the communicati on system 30 as
shown in Figure 3. A local exchange 32 is at the center of the
conmuni caB6gid6,sy S6pis iOvireléss communicationswith aiplaraity ofsubiscrider deitydo K

interface units (NIUs) 341, 342 ... 34g. Each NNUis in communication with
a plurali of jsadio.carrie at.i ons { RCS)._ 381 382 ....3 bas '
stations gél 405 W%l&bgﬁly éﬁfgﬁd(‘ﬁ@?{’ﬂﬁ‘lﬁafg‘zé@smﬁ%u&t %gsgbzst-al"ﬁen
361,.362 ... 360 comrunicates with a plurality of subscriber units 401, 402

: 40.  vomhunitates adtneitherahe etbsesutese statipn 36, ordhe bass satibh 36K veiiggr am
of the pertinent parts of an existing spread spectrum CDVA conmuni cation

system Each.independent base statj.on 361 62... 36. erat es, A .uni que
ol obal pi PIIAe B RE0REHY OTgnaBintion signak Eacibise SRR 36e 30: -ribuls 1021
and spread spectrum processi ng neans 441. The gl obal pilot chip code

gener at i ngoriARIScatih $4te beier Sconporientse witit dhe lodmdimivationCHEen: Qs Ce.
The uni que pseudo random chi p code sequence is used to spread the

resul tant HSi nal s. banglvvi dth such as to 15 MHZ as used in the B-CDVATM air
shoyy i Figi .

i nterface®

A local exchange 32 is at the center of the cdmmuni,cations system 30 and
communicates with a plurality of network interface units (NIUs) 34; l342 .. 34,
Each NIU is in communication with a plurality of radio carrier stations (RCS) 38,,
38, ... 38, or base stations 36,, 36, ... 36,. Each (RCS) 38,, 38, ... 38, or base station

- 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, ...
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 chuencé. 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

spectrum processing means modulates the global pilot chip code sequence'up toa
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spectrum processi ng neans nodul ates the gl obal pilot chip code sequence up
to a -6 desired center frequency. The global pilot signal is transmtted
to all subscriber units 401 by the base station's transmtter 461. A
recei ver 481 at a subscriber unit 401 receives avail able signals froma
plurality of base stations 361, 362 ... 36g. As shown in Figure 5, the

gl obal pilot 50, travels fromthe base station 361 to the subscriber unit
401 and can be represented as: ¢ Equation (1) The tine the signal travels

from t he desiredeenter freqaéncy. Tlidslobal Ritk al iy Wahsrhited fo'all s meebfr&xg
d I'vi ded .

di stance between the base statlon 3 subscri ber unit 401

by-the sp Referrjn ack to Figure 4, a global pilot chip
code recdﬁgq?)"i?ﬁzmgeﬁ@u vﬁFﬁ?W’ﬁg"gubscri ber unit 40, can receive gl obal
pil ot chip code sequences froma plurality of base stations 361, 362 ...
360. The subsckireeeivenid8, 40.a SEHRHBEL Enit 4(gp}dc6?«esojvaelam@§§nary ﬁeﬁ; ahl p

code sequence and synchronlzes t he generated replica s ti

recei ved gl obal ot 50, u i ber unit also has a rocessor 82,
to perfoﬂi\lﬁaﬂéy?rﬁh?ﬁ %élf éﬁc s%sm%l@fﬁgé‘ﬁﬁ%ﬁh jlot Sfhe
subscri ber unit 40, generates an a55|gned pil ot signal 52, using assigned

pi ot chiravehdromanebaté satioR365t0the sabstribef AAR 40P8RA CHADLE 8 ShitdifadleanNSs
581. The assi gned p|Iot chi p code generating neans 56, gen es a pseudo

random chi p

T,=d,.
¢ Equation 1)
The time the s1gnal travels from the base station 36, to the subscriber unit 40,, t,,
equals the distance between the base station 36, and subscriber unit 40,, d,, divided
by the speed of light, c.

: Refenjng back to Figure 4, a global pilot chip code recovery means 54,
within the subscriber unit 40, can reccive global pilot chip code sequences from a
plurality of base stations 36,, 36, ... 36,. The subscriber unit 40, generates areplica

ofa global pilot chip code sequence and synchrohizes 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 functioxis 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,.

The assigned pilot chip code generating means 56, generates a pseudo random chip

code sequence withits timing synchronized with the recovered global pilot chip code

-



code sequence with its timng synchronized with the recovered gl obal pil ot
chip code -7 sequence. As a result, the assigned pilot chip code sequence
is delayed by rl with respect to the base station 36,, 362 ... 36g. The
spread spectrum processi ng neans 581 generates the assigned pilot signal
52, by nodul ating the assigned pilot. chip code sequence up to a desired
center frequency. The assigned pilot signal 52, is transmtted to all base
stations 361, 362 ... 36. within range to receive the assigned pil ot

signal 521. Tequérmes Abatresult e assiont e ld Rlaetivddaly 22w
with the bas-eﬁbqstat lon's recei vgr 6%&?&2&?@ g%\?%%@ﬁ%%ﬂ@é‘%é%&%i with

travel s the sane djstance dl ar%@t he gl obal pilot signal 50, as shown in
Figure 5. AcdBHRFChIR é‘,e f@ Statie 36eP6,as36,g T be spreadispectyna pracessitpemesh £58,d
by T, with respect to the nobile unit 40, and by 2t1 with respect to the

gl obal pil ot ﬂera%r‘@kadsﬁpgrﬁh iR k?‘ﬁﬂ tat ’ ' . I p ,code
sequence of t-gﬁe assi gned |Iotﬂ152,s eces?g r%?d@ﬁgng%%ﬁ?séégﬁ §ﬂ0§@pﬁqqe
be del ayed bg 2t1 with resp&gt to the chip code sequence of ‘the gl obal

pi | ot si gnal SSYICDGENEP J0e8 Qasiredecenter fiaquencys Blie ashignedupilott signal 52, is
propagation delay, 2t1, can be determ ned by conparing the timng of the

two chi p codganSaitteNeesl] belsé Sdti Ol t BgD | 2 e oth
di stance dl1 between the baseagt g?uggﬁ"?gg a?gngﬁg{sig?lg@%ér P&uﬁ?%?i%me@ﬁﬁgﬂgg
determned b :

ﬁotds%Eﬁélzgi,.

The base station 36, receives the assigned pilot 'signal 52, with the base
station’s receiver 62,. The received assigned pilot 52, travels the same distance d,
as the global pilot signal 50, as shown m Figure 5. Accordingly, the received
assigﬁed pilot signal will be delayed by <, with respect to the mobile unit 40, and by
27; 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 27, with respect to the chip cédc sequence of the
global pilot signal 50, generated at the base station 36,, the round trip propagation
delay, 27, 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:

di=c:

“F

Equation (2)



2 Equation (2) -8 If a spreading sequence having a chipping rate of at

| east 80ns -is used and the comunication systemhas the ability to track
1/16'h of a chip, the distanced, can be neasured to within 2 neters.
Figure 6 is a bl ock diagramof a first enbodi nrent of the present invention.
No additional hardware is required in the subscriber unit 401. The only
changes are inplenented by software within the subscriber unit's processor
821 and the processors 661, 662 ... 66,,, 68, 701, 702 ... 70. |located

74z e Shreedind oot habind. s Eforlbe 1B BUIARTBOnER peld SENES [

signal by a base station 361 indicating that a 911 call was initiated and
to begi n cohemanieation kgstehhatthe abitity tatrack 10468 0f mahip the distanced;isan beber
~unit 401 will sequentially synchronize its transm ssion chip. code

sequence to atf{dn ast,thre se stations' chip code sequences. To all ow '
recept i ofMgAFUL ﬁ)%@wégﬁ?ﬁg hs 362, 363 ... 36,, outside of the subscriber
unit's normal communi cating range, these transmissions wll be sent at a

hi gher than nd@Figaie Sasar blockdidgramngfon firstlembadiment of the pregentdapentien.power

control algorithnms. A processor 661 within each base station 361, 362 ...
36. is c | Lo e ' ) chy gq"{i % d the
gl obal ﬁ%ﬁ@ﬁf’ﬁ%ﬂé’“@iﬁﬁ%ﬁ%w i{gﬁ!l_c Aﬂnbgcggocesggg"gﬁc mﬁggést e two
chi p code sequences to determ ne the ] '

implemented by software within the subscriber unit’s processor 82, and the

processors 66,, 66, ... 66, 68,70,, 70, ... 70, located within the base station 36,, NIU

34, or Local Exchange 32,, Precincts 74,, 74, ... 74, and Ambulance Dispatcher 76.

The subscriber unit 40, is sent a signal by a base station 36, indicating that a
911 call was initiated and to begin the subscriber location protocol. Upon receipt',
the -subscriber unit 40, will sequentially synchronize its transmission chip- code
sequénce 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 sentata higher than normal power
level temporarily over-riding any adaptivc power control algorithms. -

A processor 66, within each Base sfatibn 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 détcrmine the
round trip propagation delay 1,, T, 7, and the respective distance d;, d, ... d,,

between the subscriber unit 40, and the respective base station 36,, 36, ... 36,.
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round trip propagation delay Tl, T2 ... T. and the respective distance di,
d2 ... dR between the subscriber unit 401 and the respective base station
361, 362 ... 36n. -9 Wthin either a NN 341 or the |ocal .exchange 32, a
processor 68 receives the distances d,, d2 ... d" fromthe processors 66,,
662 ... 66. within all the base stations 361, 362 ... 36g. The processor
68 uses the distances d,, d2 ... d. to determine the |I|ocation of the
subscri ber unit 40, as follows. By using the known | ongitude and | atitude
from three baseWithinieither 3NIU 34,2r théRabexthdnge 3D e protessetBs fdeivie the

| ocation of ‘the subscriber unit 40, is determned. As shown in Figure 7 by

usi ng the . St ancgs thpge circles 781, 782,.783 wth
radi ae 80&9{?@;69@05% at ui’%ﬁé?ﬁeﬁ% s_sogaéﬁ, é§¥ e é€ﬂ7‘§1",§m7§é,tﬁ%§a§esﬂ€'éﬂﬁ%r ed
around a respective base station 361, 362, 363. The intersection of the
three circ3@s363,., 3632 The-prodéssos 68tusehthd disedrices dyf df heds vbdeterRfric H t
401. Using the Cartesian coordinates, the |longitude and |atitude

correspondi.ng. W e e s i on 362 ... 36. is represented as
Xq, Yo, mﬂS?%“S%f Q’ctsﬁ’g’gc‘ﬁ@%df‘l‘h%@l A fPUOWS: st he latitude. If X Y
represents the | ocation of the subscriber unit 401, using the distance
fornul a the folByusing thekabwarionpitadd and laXitudd from thred'bdse stddignF362869N (3)
(X2-X)2 +(Y2-Y)2 = d22 Equation Eg)& (X374)2 +(Y3-Y)2 = d32 Equation (%’)
36, and distances d,, d,, d;, the location of the subscriber unit 40, is determined. As
shown in Figure 7 by using the three distances d,, d,, d,, three circles 78,, 78,, 78,
with radiae 80,, 80,, 80, are constructed. Each circle 78,, 78,, 78, is centered around
a respective base station 36, 36,,36,. The intersection of the three circles 78,, 78,,
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:

(X-X)? +(Y,-Y)* = d}? Equation (3)
(X-X)* H(¥,-Y)* =d;? Equation (4)
X5-X)* +(Y;-Y)* =d;’ Equation (5)

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

for the errors, a maximum likelihood estimation is used to determine the location and
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[n practice due to small errors in calculating the distances d,, d2 , d3,
Equations 3, 4 and 5 cannot be sol ved using conventional algebra. To
conpensate for the errors, a maxinumlikelihood estimation is used to
determne the |l ocation and -10 are well known to those skilled in the art.
For increased accuracy, additional base. stations 364, 365 ... 36. can be
used to cal culate additional distances for inclusion in the estimation
anal ysis. The subscriber unit:s |ocation_is sent through the comrunication ..
yat om 387 WEINPun S those SKiled ithears Fomncreased 2cCuMayesiRoMIIRSS

di spatcher 76. A processor 701 within each precinct 741, 742... 74. and
the anbulsgitions @ﬁ%f.h%@%@nﬂﬁ(iﬁb&@@ calb@latd &EHEbRA distantes fOF InAlasibA in
originating in the system and displays the |ocation on a conventi onal
conputer monitor 721. The display conprises a listing of all 911 calls and
addr esse8GESHNYUORABYYSIS. nap. An al ternate approach reduces the number of
processors by transmtting raw .data through the comunication system 30
and processi nTHelvabsatbétahiit 3tlocation 8 sént thidixh ﬁe%mﬁme%ﬁan%g%ﬁﬂso

enbodi mrent of a l|ocation system At |east two base stations 361, 362 ..

36. have their internal tjm -synchroni zed wth each other and transmt
their relQaideasfongnsseine J(‘Fmggs'r- Aawéld@zu%m‘al\gzm?@ SISBQt.chﬁx 6. A precessor

synchroni zed chip code sequences. The subscri ber unit 401 receives the
gl obal  pf0pivithii?dact#écinct 74,, 74, ... 74, and the ambulance dispatcher 76 receives the

location of all 911 calls originating in the system and displays the location on a
conventional computer monitor 72,. The display comprises a listing of all 911 calls

and addresses on a geographic map.
An alternate approach reduces the number of processors by transmitting raw

data through the communicatiqn\ .systern 30 and processing the raw data at a single
site.

. Figure 8 is a second embodiment of a locaﬁon system. At least two base
stations 36,, 36, ... 36, have their internal timing synchronized with each other and
transmﬁ their respective globai pilot sigﬂa]s 524, 52, ... 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, aﬁd is. delayed by
T;. The global pilot 52, from a second base station 36, travels distance d,-aﬂd is

delayed by ©,. The subscriber unit 40, recovers each base station’s global pilot:chip
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520. However, the received global pilots 521, 522... 52. are not
synchroni zed. The global pilot 521 froma first base station 361 wl|
travel distance d, and is .delayed by t,. The global pilot 522 froma
second base station 362 travels distance d2 and is delayed by r2. The
subscriber unit 401 recovers each base station's global pilot chip -11
code sequence with its global pilot chip code recovery neans 541. A
processor 82, . within the subscriber unit 401 is coupled to each gl obal

pi | ot chi godosequancowditlyits giabad pedchip2dde recévedy nidagis [549C ASpriceSsor 82
conpares the chip code sequences of each pair of pilot chip code seqdences
and cal cu | I nces A At2 .. . At n. between the sequences
as foll ovvsl“a&’gﬁ t[hlgl %u%%mjscg b%r&fllig’e?s Ysﬂﬂpﬁe‘h&ﬂ eagh, gkgrﬂl il d‘i“B cgde feeeveryed by
each base station 361, 362 ... 36. are stored. After synchronizing

with. the fieans S#pS2,st §4}. cRhepraressotr 826 tomphresihe e @WdedRdubhdds ofeER

where within the sequence synchroni zation was obtained. This process is

" repeat ed r tation 62, 363 ... 360. The _synchroni zation
process cé%} nggggémgé:&gg%%@qqcﬁs i ﬁ%ﬁ?@l‘ﬁsz‘ﬁﬁ é“’?f‘og&?f'éel‘?"rsﬁtxb&te . At,

station's chip code sequence then the second, etc.) or in parallel

( synchr onbetimegn tthe s¢quencebasfollawd.i ons at the same tinme), By using the

relative tine difference between zl, T2, ... To each base station's chip
code sequence : | base station' s pil ot sent. at the
same tine, V\/i?ﬂﬂfl%}ﬂ%ngggs :slltaé%i@gésvlhﬁet? ‘Ef?q%f %’%B%%S B%,%S %Pé%hgﬂ& as

foll ows: . _
.-~ station 36,, 36, ... 36,,_are stored. After synchronizing with the first base station’s

pilot 36,, the processér 82, will store where within the sequence synchronization was
obtained. This processl is repeated for the other base stations 36,, 36, ... 36,. The
« synchronization process can be done sequentially (synchronizing to ltﬁe. 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 timé difference between 14, T, ... T, each base station's
chip code sequencé and knowing that each base station's pilot was sent at the same
time, with two base stations the time differences arc calculated as follows:
Aty =1, -1, Equation (6)
At = 151, . Equation (7)
The time differences At;, At, ... At, are transmitted to at least one of the base

stations 36,.
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'"&1="t2 -'t1 Equation (6) t3-.r2 Equation (7) The time differences At1,
At2 ... At. are transmtted to at | east one of the base stations 361. -12
At | east one base station 361 recovers the tinme difference data fromthe
received signals using tine difference recovery nmeans 841. The tine
difference data is sent with the distance data dl through the
communi cations systemto a processor 68. The processor 68 determ nes the
| ocation of the subscriber unit 401. using the tine-difference data At,,
At2 ... At. anAttlnastdone base stitioa 36, reddvers.thd"time differeie. daai fR6m the
i nformation fromonly two base stations 361, 362 as shown in Figure 9,

t he- proc d2..to create t ILcles 7 782.. Using
the £ o teuped 3 Belt 58 BR5e dibrertiieintodst gt B4 s e iference dptaove.
Al'l the points along the hyperbola 861 receive the global pilot signals

521, 522 isfsenhwithahe distnendatad; avegh tied coramidhidatiod 3y¥ichiitd APre@e¥ort | Me
difference, Atl. The tine dlfference At, can be converted to a di st ance

Usi ng. ¢ ndti £ raSdigit b delcthists theyBbatian SFfhe fursriber unls 40a 688 B uni 1

401, the follow ng equation results: Adl= (X1-X)2+(Y1l-1')2- (X2-X)2+(Y2-Y)2

|qu|ia|t I ﬁn tgﬁé difégrense dgtEAtiatAgn... Aty dnd the|distarvesdala d))d,4.. ) a8 FORSWELM
i keli hoo

Using information from only two base stations 36,, 36, as shown in Figure

-9, the processor uses distances d,, d, to create two circles 78,, 78,. Using the time
difference, At,, a hyperbola 86, can be constructed as follows.

All the pqints along the hyperbola 86, receive the global pilot signals 52,, 52,

* from the synchronized base stations 36,, 36, with the same time difference, Az,. The

. time difference At, can be converted to a distance difference Ad, by substituting Az,

“for ¢; and Ad for d; in Equatlon 1. Using the distance formula and X, Y as the

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

A dl = \/(Xl _ X)2 +(Yl _ Y)2 _ J(X2 _ X)z +(Y2-Y)2 Equation (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 Jocation is subsequently sent to the nearest police precinct 74,, 74, ... 74_ and

~ ambulance dispatcher 76 in the cellular area.
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estimation, the location of the subscriber unit 401 can be determ ned. The
subscriber ~unit's location is subsequently sent to the nearest police
precinct 741, 742 ... 74" and anbul ance di spatcher 76 in the cellular
area. -13 For inproved accuracy, additional base stations 361, 362 '

'36p are used. Figure 10 shows the invention used with three base stations
36;, 362, 363. The distances d,, d2, d3 are used to create three circles
781, 782, 783. Using tine di f f er ences At,, At2, two intersecting

hyper bol as 86 IForSfimpivved CavatddiSt w kali e I on,
t he subscri ber %n?ﬁg I ocat i ondygaaiagbtidg{a!e?a\smgt% m‘iiyg‘g? bolras %&1 62,

and thre It@s 781, 782, 783 yields t8reater accuracy. As shown in Figure
8, the s shays the inventiosqusedewi basesstations sgiow,aohi dt’he:hi p

code sequence to determine the tine di fferences Atl, Ot

2 Ler nat GHARRCANA]) APTRYBE, LG R6 QARSI dfbd BT SUleC crigbery ﬂ,tga 401

Wth reference to Figure 6, the nobile unit hr6n|
assi gned of the base station's gI obal pi | ot chip code

ilot t :
sequence@&g’iﬂlﬁesa t’hztnetébice!ﬂtefsﬁﬁ%&g hiyperbotas3®h;, §6; lare constmycted. tWithThe
assigned pilot 501 is transnmtted to all base stati ons 361, 362 ... 360.

The assi gnadmaint ke Bdodiedtimiton ge A6’ '
respective del ay, ‘tal +t,, e ,_?_&ﬁs’\ﬁﬁga%er Each se s‘%ﬁz{'ﬁ W“%@z

i st anceYBeolas Al Ben Ang sErescitales Mol 18 %Lﬁa%&&?éﬁ&éﬁgﬁ;'ﬁ%%d The
processor 68 w I I
As shown in Figure 8, the subscriber unit 40, is required to process each
global pilot chip code sequence to determine the time differences At,, At, ... At
“An alternate approach removes the processing from the subscriber unit 40,.

With reference to Figure 6, the mobile unit 401.wi11-s5;nchronize the assigned
pilot to one of the base station’s global pilot chip code : sequences such as the nearest
base station 36, with a delay of t,. The assigned pilot 50, is transmitted to all base
stations 36,, 36, ... 36,. The assigned pilot 50, will be received at each base station
with arespective delay, T, + t;, T, + T, T, + T;. BEach base station 36,, 36, ... 36, will
send the delayed chip code sequence along with the calculated distance to a
processor 68 located in a NIU 34, or local exchange 32. The processor 68 will
calculate the time differences At,, At, ... At, by comparing the received ‘assigned

‘pilot chip code sequences. Since all received assigned pilot chip code sequences are

delayed by T, the t; delay will cancel out of the resultant time differences At,, At,
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“-calculate the tine differences At,, At2 ... At. by conparing the received
assigned pilot chip code sequences. Since all received assigned pilot chip
code sequences are delayed by T,, the t, delay will cancel out of the
resultant time differences Atl, Ate -14 ... At.. Accordingly, the

subscri ber unit 40, can be | ocated using hyperbolas 861, 862 as previously
-descri bed. Anot her enbodi nent shown in Figures 11,12 and 13 uses a base
station 36, with nultiple antennas 88,, 882 ... 88g. Two . of the antennas
881, 882 l.iltalAwegrdingty thesubsorbaunit 40; danderlocited asing hybertislag 862865 hown
in Figure 11. Both antennas 881, 882 receive the assigned pil ot S|gnél

901, 902 jher unit 401. However, the antenna 882 further
away frorﬁiét’lﬂe %%gplg%gﬂe@hit 40, receives the signal over a slightly

| onger distance d1' and with a.slight delay with respect to the nearer

antenna 881. - Thiethtglembadiment shawn in Figuresl1 ihand 83 ukes £ba strioRsbyeen
the signals received at each antenna as shown on Figure 13. A processor 66

usi ng the,; e ”E]'!agr phase did f epence. and the chy de, sequence -
recover e bt@‘?ﬁ@'gﬁé‘ aﬁgchI gr§géi’ D 2|‘c51?.§ge'hi W&fﬁe&“f’e%%?%zs %ﬁf@zg{%@h@szﬁ .
96. can determne the location of the subscriber unit 40, as follows. As

shown i n centpaline 92, atthknownsdisianee, lyiapart 49 shownlindigate 311, dBsitpamenads at
angle a fromthe centerline 92. of the antennas 881, 882. As seen at the

Egal:gi g‘;is g’ln 8'{ feckfvd thd aﬁﬁﬁﬁ&i’ %glo?ssﬂlﬂ'l" %l,pbbf o W8 stibsais r91?n21t %%?.ear to
waever, 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 féspcct to the
nearer antenna 88,. This delay results in a carrier phase difference, ¢, bétween the
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
-assi gneq 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 &istance d, at
angle « from the centerline 92 of the antennas 88,, 88,. As seen at the scale of
Figure 12 both received assigncd 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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However, as shown in Figure 11, the received assigned pilot signals 90,,
902 are slightly separated. The received assigned pilot signal 90,
returning to the first antenna 88, travels a distance d,. The received
assigned pilot signal 902 returning -15 to the second antenna 882 travels
a slightly longer distanced,'. As shown in Figure 11, the difference
between the two distances dl, dl' is a distance m Since the distances dl,
d," between the antennas 88,, 882 and the subscriber unit 40, are nuch

| ar ger t Hathe seeondantenna 88, Heavelsanslighslydangendistages d, s s shown in Bigrireed

assigned pilot signals 90,, 902 foll ow approxi mately parallel paths. By
constructqqn i i | 'ﬁarﬂ:q 4.\ i i stanced! fromthe
subscri belrl’g-llf%cll{ff%g{lcgaéés ok\lmqhgﬁbﬁi%ure E? ’héél@aggs:&edq%'gan be determ ned
by the follow ng eonetric relationship: = COS %M% Equation (9) The
di stance m carbipee thet distancesid o, L betweentthe aaterinas 88h £ anidf thersahserjbet) |
between the two received signals 901, 902 as follows: in = Equation (10)

D . The i t C - 3 i . 4 j Sy 4) ]
in radi a(riillg?t %I ?‘."gﬁa ggalh@e%ﬁgmi’mﬁ\?c;ﬁles‘%ﬁ e{ﬁ tﬁehgjg{ n“ai'l??ﬁlih,eé %?ﬁl@é% 2n.
The wavel ength, X, can_be derived fromthe known frequency f of the
assi gnedregdived sssigadd piof signales90,, 90, follow apprommately parallel paths. By
constructing a right triangle using a point 94 whichis distance d, from the subscriber
“unit 40, as shown in Figure 11, the angle o can be determined by the following

geometric relationship:

o« = COS? (in/). | | Equation (9)

The distance m can be determined by using the carrier phase difference, ¢,

=% between the two received signals 90,, 90, as follows: -

m= o Equation (10)

~. The distance m equals the phase difference between the two signals, ¢, in radians
multiplied by the wavelength of the signal, A, divideﬂ by 2n. The wavelength, A,
can be derived from the known frequency f of the assigned pilot signal as follows:

A =c/A.

Equation (11)
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[=c/f Equation (11) -16 The processor 68 also conpares the chip code
sequences of the global pilot generating neans 42, with the recovered
assigned pilot chip code sequence to deternine the distanced, as shown in
Figure 6. Using both the angle " and distance d,, the processor 66,

| ocates the subscriber unit 40, using sinple geonetry. There are many
techni ques well known to those skilled in the art to elimnate the
anbiguity bet s. above and bel ow t he antennas 881, 882. One

en |locati
~such techni que*ﬁ% Procassef &ﬂb‘ﬁmﬁ thei ghdp code sequearesof tikuglobalipilot v,
t he subscriber unit's location is sent to the precincts 741, 742 ... 74.

and anbul sdeatiis RS2 7@-%{% i {d : be used to inprove on
t he accuracy of %She system ! n al %égrgplgl{eg @n@%ﬁﬁ@%&é@&aﬁ@? aeqienee base
station 36,, 362... 360. A processor 68 located within either a NTU 34, or

t he | ocaldetsrannedac distanee Heas shoven int Bigure £n dJsingbethi the anghet & and tiseandeor
t han one base station 361, 362 ... 36. as well as the tine differences

At,, At24 .4 e ' . 362 ., .. 360. Usj t he
i mum 2rice Hroceds8 66 Incalés B 3fbSriter i 46 sinlt Sippote E2dmesny Tlere
nore accurate |ocation of the subscriber unit 401. A fourth enbodi nent

corr ect s 3FoMAaRy teshaagues wellknewn to thase skilledds theart topelithinate\thei anbilguitych as
~a-global pilot signal is transmtted froma base station 36,. The _
between locations above and below the antennas 88,, 88,. One such technique is
using antenpas 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.
An alternate embodiment uses more than one base station 36,, 36,...36,. A
Ip_rbcessor 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 thg maximum likelihood estimation technique, the processor 68 determines
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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signal follows a multitude of paths 981, 982 ... 98. between the base
station 36,- and subscriber unit 401. -17 Figure 13 is a graph show ng the
i mpul se response 136.'of the received nultipath conmponents. Since each
received nultipath conponent travels a unique path, it arrives at a
receiver with a propagation delay determ ned by the length of the path
981, 982 ... 984. The inpul se response 106 shows the collective signal

magni tude of all the_nultipath conponents received at each propagation

del ay. The preWiguee | 3qdisstgraphl showing theeimpwlise respomse di36G of ithe qeesived suned
the subscriber unit 401 synchronizes with the Iine of sight nultipath

conponent Rk r j ] : Lhar uni.t
synchroni zes 9\? @h&ﬁ%ﬁ@ngi@gﬁ guhgﬁﬁ‘%wnﬁ/ﬁ“%‘éﬁ“‘tccg oﬁgﬁf&ggﬁs ag.ggql_n_:_
980, the distance calculation will be in error due to the delay MD, as
shown i n Pathuitarmives gtiafgeeiveswith apropagatinndalay determinedrbyethedengthesithe i ng
fromnmultipath. The global pilot 501 is sent fromthe base station 361 to

subscri bepatnog. 468 T SYPaCith @ﬁg ' vl I el tipath
conponent a us?n J a mil £ pat gﬂér ecel veé;mﬁ%%gsluc sgg%gistshgl 1595@%:4‘% E@aﬁ

Pat ent Application No. 08/669,769, Lonp et al., incorporated here by

r ef er enc emagnitude efald thgmnltipathi companestsxeceivedat aath propagatiomidelays t he

i mpul se response 100 of the received global pilot signal 501. Since the

line of sight THE PrdviblsiyUBieriBRE stBicriBed\ifilif1ddAGon 1eERGRbed ASGAREE 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-line
of sight multipath component 98,, 98, ... 98, the distance calculation will be in érror
due to the delay MD, as shown in Figure 15. |
Figure 16 is a system correcting for errors _resulting ﬁom 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 éomponents using a multipath
receiver 102, such as disclosed in U.S. Patent Application No. 08/669,769, Lomp
etal., incorporated here by reference. A processor 82, within the subscriber unit 40,
anélyzes 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 line of
sight component is not received, the first rccei?cd component 98, will be the closest

and, accordingly, the best available estimate for the line of sight component. The
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d,, the first recefved conponent 981 is the Iine of sight conponent. If the
line of sight conponent is not received, the first received conponent 981
will be the closest and, accordingly, the best available estimate for the
| i ne of sight conponent. The -18 processor 82, conpares the chip code
sequence of the first received conponent 981 wth the chip code sequence
used to synchroni ze the assigned pilot chip code 'sequence. This conparison
determ nes the delay due to nultipath, MDl. The nultipath delay, M1, is
transm t t gghceRedr82, Bafmardsithe ibdde PqRERSEGENE fBSlrerBivdd ddrhpstidat 98g el ver
1041 withﬁn tﬁse base g@ation 36,§ per%‘%grmthe sane anal ysis on the recCeived
assigned pilot signal. As a result, the | ti path del ay, 2 f th

assi gned muhomespgwapod% se@uence wed toammalireRize| e asfigried, pilat elglpayo e
recovery neans 106, recovers the transnmitted global pilot signal's

mul ti pat hsdgleg¥e MThik QonisRison ddBroiines W66 PeldP due TBCmMEBFARS MD]S. The

conpares th generated gl obal pilot chip code sequence to the recovered
assigned pilot chip code .sequence to determ ne t round trip propagation
del ay 2t 1multipathde tlo\'fgls is fansppiedto @%?6%@2?6166, subtracts both the
‘global pilot signal's nmultipath delay WMD, and the assigned pilot signals

mul tipath del agx MoRefdd?66,hend helupatte fecetendl 04,1 wihph QR Gaké Qtatitnl 36, 2t 1.
The corrected round trip propagation delay is used to determne the '

subscriber 'ynit's locatiop in one of the technigues as eyi ousl
descr i bedperform the same ana{]ysgs on the received ass1gnedqp1 ot s1gngf. Xs_ a restlt, the

-multipath delay, MD, of the assigned pilot signal is determined. Additionally,
multipath delay recovery means 106, recovers the transmitted g_lobal' 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 cdde
chuencé to determine the round trip propagation delay 2t,. To correct for
| ﬁxﬁitipath, 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, 27,. The corrected round trip propagation delay is used to
determine the subscriber unit's location in one of the techniques as prcﬁously
described. |
Although the invcntionl_:_has been described in part by making detailed
reference to certain specific einbodimcnts, 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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Al t hough the invention has been described in part by naking detailed
reference to certain specific enbodinents, such detail is intended to be
instructive rather than restrictive. It will be appreciated by those
skilled in the art that many -19 variations may be made in the structure
and node of operation wi thout departing fromthe scope of the invention as
di sclosed in the teachings herein. * * -20 CLAAIM5 1. A nethod for
geographical ]y locating a subscriber unit within a COMA comuni cation

syst em haWaagtioas anay be maade inithy stiugtue land anpde of operaticet Without departizighg:
(a) transmtting a first spread spectrumsignal with a first pseudo random
Ch P, S0de SFEARESEod OFER ifgei & iflosddln (RIERHARS Bl o 1115t spread
spectrum signal including tirst signal nultrpath coffponent's at said
subscriber unit; (c) determning a first recei ved conponent of the received.
first signal multipath conponent%; (d)*transrditting a second spread
spectrum signal with a second pseudo random chip code sequence from said
subscri ber unit, said second pseudo random
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chip code sequence being tinme synchronized with said received first spread
spectrum signal; (e) receiving said second spread spectrum signa

i ncl udi ng second signal nultipath conponents at said base station; (f)
determining a first received conponent of the received second signa
mul ti path conponents; (g) determ ning a distance between said base station
and sai d subscriber wunit based on the first received conponent of said
second signal; and -21 (h) determ ni Qg said subscriber unit's geographic

| ocation based on said distance dethAIM®ion. 2. The method of claim1
wherein steps (a)-(g) are performed respectively for each of three base

stations, - eachibaseAsidt ' ! lof £ | . I on,
and step (h) determ nes tgg{rdﬁgﬁ?gﬁ%gcrzw%ﬁ&gﬂ e%éiu?gﬁ?ééﬁ(gglattﬁmfsed on
sai d di st@@mdet erm nations for each of said three base stations. 3. The
net hod of (ROPNHRLOaE P syHEmM having base statiops with fixed fosatioms; the mpthodh) - ( g)
for both a first and a second base station, each base station associ ated

wi th a didomeprésihgf i xed | ocation; time synchronizing said first base
station's first spread spectrumsignal with said second base station's

fi ignal ;
irst spread S(%?Ct s nr?g 4 fl%?tdspread spectrum signal with a first pseudo random

chip code sequence from a base station;
(b)  receiving of said first spread spectrum signal including first signal
- multipath components at said subscriber unit; |
(c) detenﬁining a first received component of the received first signal
multipath coniponents; |
(d)  transmitting a second spread spectrum signal with a second pseudo
random chip code sequence from said subscrib_er unit, said second pseudo random
chip code sequence being time synchronized with said received first spread spectrum
Signal;-
(e)  receiving said second spread spectrum signai including second signal
multipath components at said base station;
(f)  determining a first received component of the received second signal
multipath components;
(g)  determining a distance between said base station and said subscriber

unit based on the first received component of said second signal; and
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determining a tinme difference between said first base station's and said
second base station's first spread spectrumsignals received at said
subscriber unit; and wherein step (h) determ nes said subscriber unit's
geographi c | ocation using said distance determ nations and said determ ned
time difference. -22 4. The nmethod of claim 1 further conprising the steps
of : performng steps (a)-(g) for both a first and a second base station,
each base station associated with a different fixed |ocation; receiving at
sai d second bagh) st aletermipingisaid suhstriber vait’ sgeograpiticdocation basedodn saidt | e
synchroni zed wth said first base station's spread spectrumsignal, said
first basg el gand signal received at said second base station

i ncl udi ng ?lrst(ﬂgase sFaﬁion's second signal nultipath conponents;
determining a first received conponent of said received first base
station's second signal nultipath conponents at said second base station;
and determning a tine difference between said first base station's second

spread spectrgm si I t fd ) .s3aj d
Second base stati on TTamERGRLY Rl Ikl st PRSP AL B R B Y
unit's geographic |ocation using said distance determ nations and said
det er mi nefPregagh ofi thres baseestaionsyieachbase statipn Assediatedwish ai diffesent fized

sjtatl on has_ first and_ second antennas each associated with a different
fixed | oCRich@En, 2 sicp (h) e HHnEPEAASubscriber unit’s geographic location based on

said distance determinations for each of said three base stations.

3. The method of claim 1 further comprising the steps of:
performing steps (a)-(g) for both a first and a second base station, each base

station associated with a different fixed location;
- time synchronizing said first base station’s first spread spectrum signal with
said second base station’s first spread spectrum signal; and -
determining a time difference between said first base station’s and said second
base station’s first spread Spéct_rum signals received at said subscriber umt, and
wherein step (h) determines said subscriber unit’s geographic location using

said distance determinations and said determined time difference.
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spectrum signal is received separately by said first and second ant ennas,
further conprising the steps of: determ ning the phase difference between
t he respective second spread spectrumsignals received by said first and
second antennas; and -23 cal cul ating an angle associated with said base
station and said subscriber unit based on said phase difference and the
di stance between the first and second antenna's fixed |ocations; and
wherein step (h) determi nes sai d subscriber unit's geographic |ocation
based on sai ¢ di st Bixmethadof¢laim il dfurtharicomprising thelstépsddfangl e. . 6. The
met hod of claim1 wherein said first signal and said second signal are

Pocation'i o - Retiontifis SRESER-00 6t Bof Al Ghd aberbhd bale Suhof efde

- determ nes said subscriber unit's geographical |ocation based on.said
| at i t udeStadignassergiedish aditferant fixeddoeaton; det ermi nation. 8. The net hod
of claim1 further conprising the step of displaying.said subscriber

uni t's geogr apiietvin@CAt i seRof BaBe sBrtiohGi | bRchai st
conprising the st epgof di spl ayll?dng saf%uog]%é@‘r%l&g@?d Shﬁqdi%‘q& ﬁ
location as an address. vy . |
which is time synchronized with said first base station’s spread spectrum signal, said
first base station’s second signal received at said second base station including first
base station’s second signal multipath components;
determining a first received component of said received first base station’s

second signal multipath components at said second base station; and
determining a time difference between said first base s'tation’s second spread
spectrum signal received at said first base station and at said second base station; and
- wherein step (h) determines said subscriber unit’s geographic location using

said distance determinations and said determined time différence.

3. The method of claim 1 wherein said bése station has first and second
antennas each assodated with a different fixed location and said second spread
spectrum signal is received s_ebarately by said first and second antennas, further
comprising the steps of:

determining the phase difference between the respective second spread

spectrum signals received by said first and second antennas; and
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-24 10. The nethod of claim 1 wherein step (h) deternines said subscriber
unit's geographic location using said distance determ nation in a maxi num
li kel i hood estimation. 11. A nmethod for determ ning a di stance between a
.subscriber unit and a base station in a CDVA conmuni cation system the
met hod conprising: (a) transmtting a first spread spectrumsignal with a
first pseudo random chip code sequence froma base station; (b) receiving
. of said first . ctrumsignal i ncl udi first signal "pultipath
conponent s at fcgﬁzgtbfgé%} %F aﬁ?f&“ﬁ"’? 8’)‘3106@!@5%%%01&@ sadd spbscaibegynit
conponent of the received first signal multipath conponents; (d)

transmi t t baseda onesaiddplsgseedifferpres andnthé alisdanvé Het@ese ARE FiRE %gﬁosecb gdom
chi p code sequence from said subscriber unit, said second pseudo random

chi p code i Lime synchronized with said received first spread
spectrum a@‘?gﬁ%ﬁﬁf%ﬁ&@%@%iaﬁg sai d second spread spectrum signal _
i ncl udi ng second signal nultipath conponents at said base station; (f)

det er mi ni ng a Wheseinrséepe(h)eldterminessaid sebisceiber uaitty grgrasiieNscation Bised
mul ti path conponents; and

on said distance determination and said calculated angle.

6. The method of claim 1 wherein said first signal and said second signall
" are pilot signals.
7. The method of claim 1 wherein said base station’s fixed location is

- associated with a latitude and a longitude and step (h) determines said subscriber
unit’s geographical location based on said latitude, said longitude, and said distance

determination.

8. . The method of claim 1 further comprising the step of displaying said

subscriber unit’s geographic location on a map.

9. The method of claim 1 further comprising the step of displaying said

subscriber unit’s geographic location as an address.



-25 (g) deternmining a distance between said base station and said

subscri ber- unit based on the first received conponent of the second
signal. 12. A spread spectrum CDVA conmuni cation system capabl e of
geographically locating a subscriber unit, the system conprising: nmeans for
determ ning said subscriber unit's geographic |ocation based on a distance
determ nation; and at | east one base station, each of said at |east one

base stations rising; ans for fransnmtting a first:spread spectrum
signal with a_lé-?ﬁgq megz&m%%ﬁm@wm@ determinessaidsibscriber wnitts vi ng
a second spread spectrum signal including second signal nultipath
conponengé&ograptab lottionl ¥sRigTs 41 Mis@ntd 'deterhfffio th %Oim%?ﬁ{ih ﬂ{ceﬁ%&h

recei ved™ second signal nultipath conponents; and nmeans tor determning a
di stance between said base station and said subscriber unit as said

di st ance®HAUH: nati on based on the first received conponent of said
second signal; and said subscriber unit conprising: nmeans for receiving
said first. spread spectrumsignal including first signal nultipath '
conponent s;

11. A method for determining a distance between a subscriber unit and a
base station in a CDMA communication system, the method comprising:

(a)  transmitting a first spread spectrum signal with a first pseudo random
chip code sequence from a base station;

) receiﬁng of said first spread spectrum signal including first signal
multipath components at said subscriber unit; |

(c)  determining a first received coxﬁponent of the received first signal
multipath components;

(d) transmitting a second spread spectrum signal with a second pseudo
random chip code sequence from said subscriber unit, said second pseudo random
chip code sequence being time synchronized with said received first spread spectram
signal;

(e)  receiving said second spread spectrum signal inclﬁding second signal
multipath components at.sajd base station;

(f)  determining a first received component of the .received second signal

multipath components; and
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. 226 neans for determining a first received conponent of said received first
signal multipath conponents; and neans for transmtting a.second spread
spectrum si-gnal with a second pseudo random chip code sequence, said
second pseudo random chi p code sequence being tine synchronized with said
received first spread spectrumsignal. 13. The system of claim 12 wherein:
said at | east one base station is three base stations, each base station

associated wi a different fi.xed |gcation; .gaid subscriber unit receiving
nmeans receives rom@gg%aﬁgﬁ%%hﬁwg’ggﬁ%smég’%¢ Slaton and spisksuhscriber f i r st
spread spectrum signal including respective first signal nultipath
conponent ¥Ait basedl el firdteecained compohent @fMASsedondasiSA4Ti Ni Ny Means
determ nes a respective first recelved conponent fof each of said
respective received first signal nmultipath conponents; said subscriber
unit transmtting neans transmts three second spread spectrum signals,
‘each associated with one of said three base stations, each with a
respective secbhd pdewspreadasgectruin [CDMe Bmﬁeaﬁ(ﬁﬁisgs{cﬁp@%byee Second
d wt

pseudo random chip code sequence being tinme synchroniz sard

‘respecti is b ctrum signal from said respective one
EROBRARINAN, Jocafiflk a SLRAIL A, e Somprising:

Qf sai d

means for determining said subscriber unit’s geégraphic location based on a
distance determination; and
at least one base station, each of said at least one base stations comprising:
m¢aﬁs_ for transmitting a first spread spectrum signal with a first
pseudo random chip code sequence;
means for rcéeiving a second spread spectrum signal including second
signal multipath components;
means for determining a first received component of said received
second signal multipath ¢omponents; and
means for determining a distance between said base station and said
subscriber unit as said distance determination based on the first received component
of said second signal; and
said subscriber unit comprising:
means for receiving said first spread spectrum signal including first

signal multipath components;

-26-



-27 sai d geol ocation determ ning means determnes said -'subscriber unit's
geographi c | ocation based on said distance determ nation fromeach of said
_three base stations 14. The system of claim 12 wherein: said at | east one
base.station is two base stations, each base stati.on associated wth a
different fixed location; said subscriber unit receiving neans receives
fromeach of said two base stations said respective first spread spectrum
signal including respective first signal nultipath conponents; said
subscriber unit fir Sicansfoisintenmininga firstreogivednompbatent of swid reveiveddiget i ve
first received conponent for each respective received first signa

nul ti pat hsisARPRBRIBah cofofefitdPgRdi ber unit transmtting neans transmts
t wo sécondgspreadfgpectrﬁgjm stlgbﬁg?s, each associated with one of said two

- base stations, each with _a respective second pseudo random chip code
~sequence, said respB¥ansfordeansmittingasreondsporad spactruncsignalesitie a secdirl ng

time synchronized. with said received first spread spectrum signal from

sai d 1 eSRReUY falthifl chifiddbequahco il sBLbiRFiehas rfitidm HIp O 4IRS N9

tinme difference neans for detéermnin

being time synchronized with said recejved first spread spectrum signal.

13.  The system of claim 12 wherein:

said at least one base station is three base staﬁons, each base station associated
with a different fixed location;

said subscriber unit receiving means receives from each of said three base
stations said respective first spread spectrum signal including respective first sigﬁal
multipath components;

séu’d subscriber unit first component determining means determines a
respective first received comp_oneﬁt for each of said respective received first signal
multipath components; |

said subscriber unit transmitting means transmits three second spread
spectrum signals, each associated with one of said three- base stations, each with a
respective second pseudo random chip code sequence, said respective second pseudo
rahdpm chip code sequence being time synchronized with said respective received

first spread spectrum signal from said respective one of said three base stations; and
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atine difference between said first base station's and said second base
station's first spread spectrumsignals received at said subscriber unit;
sai d geographic |ocation determ ning neans deternm nes said subscriber
unit's geographic | ocation using said distance determ nations and said
time difference; and said first base station's first spread spectrum
signal transmtted at said first base station'is time synchronized with

sai d. second basgids ab]déguénfd p ignal ‘transm tted at |
: ét%e sys%e %rfs m%\%ﬁéeﬁ SCIRBET URit’seast

sai d second base statlon
one base statio t Wwo se stations, each base station associated. with a
di fferent $TOEHP %8?89 %@Fjd)f\‘ saididigtance deterinimdtion frost esql 6£daidl éé um
signal transmtted at said first base station is tine synchronlzed\Mt
sai d secorishsbassticiisati on's first spread spectrumsignal transmtted at
sai d second base station; said subscriber unit receiving neans receives
fromeach of said two base stations said respective first spread spectrum
signal including respective first signal nultipath conponents; -29 said
subscriber unit first conponent determ ning neans determines a respective

first received ldorrpdﬂws‘,ystaﬁop@mnpfz Shksbipespective received first signal
mul ti path conponents;

said at least one base statlon is two base stations, each base station associated

with a different fixed location;

said subscriber unit reccivipg means receives from each of said two base
‘stations said respective first spread spectrum signal including respective first signal

multipath components;
said subscr_iber unit first component determining means determines a
respective first received component for each respective received first signal

| multipath cbmponents.;
said subscriber unit transmitting means transmits two second spread spectrum
signals, each associated with one of said two base stations, each with a respective
second pseudo random chip code sequence, said respective second pseudo random
chip code sequence being time synchronized with said received first spread spectrum

signal from said respective base station;
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said subscriber unit transmitting nmeans transnits two second spread
spectrum signals, each associated with one of said two base stations, each
with a respective second pseudo random chi p code sequence, each of said
respective second pseudo random chip code sequences being tine '
synchroni zed with said received first spread spectrumsignal from said
respective one of said two base stations; and said second base station

- further conprising: means for receiving said second spread spectrum signal

which is tine by m'rg.ﬁ j «d aiffe neins fagu-ﬁﬁﬁ%ctrum
signal, said rsﬁ% Plblf‘g?t } aggég?gt%ilﬂ n'ns}ésecgggﬁéi gha O?Eg udi ng i rst
base station's second signal nultipath conponents; neans for determning a
first reatimedifferanenbatwesn said kirst basa sfation s and sajdsecond basgstagiers's fissbong
signal multipath conponents at said second base station; and said

geogr aphisim%%icaﬂnﬂﬁgﬁm@reweemdgﬁﬁ&ﬁ&f\_@ﬁit,sai d subscriber unit's

geogr aphi I on using sald distance determ nations and a determ ned

time difference; and the_ system further conprjsing: -30 ans_for | -
determning a Sﬂd@@?ﬁ@?&%%ﬁ%ﬁﬁ%@ms@e nes said sy €T WRiE $nd

spread spectrum signal received at said first base station and at said
second  baggraphid IRAtiGR usingSaftbdistafitdeteimifitidnt hid sdideime difference; and

 said first base station’s first spread spectrum signal transmitted at said first
base station is time synchronized with said second base station’s first spread

spectrum signal transmitted at said second base station.

15. The system of claim 12 wherein:

said at least one base station is two base stations, each base station associated
with a different fixed location;

said first base station’s first spread spectrum signal transmitted at said first
base station is time synchronized with said second base station’s first spread
spectrum signal transmitted at said second base station;

said subscriber unit receiving means receives from each of said two base

stations said respective first spread spectrum signal including respective first signal

multipath components;
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16. The system of claim 12 wherein: said base station further conprising:
a first and second antenna, each associated with a different fixed |ocation
and said second spread spectrumsignal is received separately by said
first and second "antennas; neans for determ ning the phase difference
‘between the respective second spread spectrum signals received by said
first and second antennas; and neans for calcul ating an angl e associ at ed

with said base st atign nd said, subscriber unit based on:said phase
di f ference andSqifle SH gi"iﬁ&emHétﬁféénCQIHEOIﬂfPl}tst'&ﬁﬂlszcmms{rdaMCﬁ i zed

| ocati ons; and wherein said geographic |ocation determ ning neans

det er ni nerespedtive firsysedoi et cmbh?athgﬁlgia?ggf %rllg ?éés_%feifg?e ?%%?&ﬁ;@gi?fgﬂah aim

di stance determ nation and said

12 further co i sing neans for displaying said subscriber unit's"’
geographi%mﬁ8§§§F8ﬁqgweaénap. -31 18. The systemof claim 12 further
conprising neans for displaying said subscriber unit's geographic |ocation

A distance between s Subeert ooy i icens uaiuRE A0S EARR ool oS "

compri sl Ngsmals, each associated with one of said two base stations, each with a respective
second pseudo random chip code sequence, each of said respecﬁve second pseudo
random chip code sequences being time synchronized with sgid received first spread
spectrgm signal from said respective one of said two base stations: and

said second _basé station further comprising:

means for receiving said second spread spectrum signal which is time
synchronized with said first base station’s spread spectrum signal, said received first

..base station’s second signal including first base station’s second signal multipath

-éomponénts; |

means for determining a first received component of said received first base.
station’s second signal multipatfx components at said second base station; and

said geographic location determining means determines said subscriber unit’s
geographic location using said distance determinations and a determined time
difference; and |

the system further comprising;:
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means for determ ning a distance between said base station and said

subscri ber .unit based on the first recei ved conponent of the second signal;
sai d base station conprising: neans for transmtting a first spread
spectrumsignal with a first pseudo random chip code sequence; neans for

receiving a second spread spectrum signal including second signal

mul ti pat h conponents;. and nmeans for determning a first received conponent
of the received se ong signal nmultipath conponents; said.subscriber unit
conpri si ng: neBlydN3 4Pr deCEMinIRg astime diffesenegpbetweenpsaid fith bagisatibpy udi ng
first signal nultipath conponents; neans for determning a first received

reans for Ly ehrec pecta Skhd reodb B ol ALY PR R A Gt Bespnd

means for transmitting a sec spread spec

pseudo rgndom chi p code sequence_being tinme synchronized with said received
first s&aéﬁéwé‘b’él&srﬁﬁ%;#'&mmdmeméme&i ber unit for use in a CDVA -

communi cati on system capabl e of geographically locating said subscriber
uni t, said subscriber unit conprising:

16.  The system of claim 12 wherein:
said base station further comprising:
afirst and second antenna, each associated with a different fixed location and
said second spread spectrum signal is received separately by said first and second
antennas; |
means for determining the phase difference between the respective second
spread spectrum signals received by said first and second ahtenna.s; and
means for cajculaﬁng an angle associated with said base station and said
subscriber unit based on said phase difference and the distance between the ﬁmt and
second antennas fixed locations; and |
wherein said geographic location determining means determines said
subscriber unit’s geographic location based on said distance determination and said

calculated angle.

17.  The system of claim 12 further comprising means for displaying said

subscriber unit’s geographic location on a map.

-31-



means for rece|V|ng a first spread spectrumsignal with a first pseudo
random chi p- code sequence, said first signal including first signa
mul ti path components; neans for determining a first received conponent of
said received first signal nultipath conponents; neans for determ ning a
del ay associated with said first received conponent; and neans for
transmtting a second spread spectrunlslgnal with a second pseudo random

chi p code sequepe i ncludi ng said determ ned.del ay, said
second pseudo randoﬁ?ﬁﬁlsxmeg’cfgj‘g éﬁé@ﬁg@impnmgsnmm@@gaymggaw d
received first spread spectrum signal. -33

-subscriber unit’s geographic location as a street address.

19. A CDMA communication system capable of determining a distance
between a 's.ubscriber unit and a base station, the system comprising:
means for determining a distance between said base station and said
subscriber unit based on the first received component of the second signal; |
said base station comprising:

means for transmitting a first spread spectrum signal with a first

pseudo random chip code sequence;

means for receiving a second spread spectrum signal including second

signal multipath components; and

means for determining a first received component of the received

second signal multipath components;
said subscriber unit compriSing:

- means for receiving said first spread spectrum signal including first

signal multipath components;

means for determining a first received component of said received first

signal multipath components; and
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means for transmitting a second spread spectrum sigﬁal with a second
pseudo random chip code sequence being time synchronized with said received first

spread spectrum signal.

20. A subscriber unit for use in a CDMA communication system capable
of geographically locating said sub_scribcr unit, said subscriber unit comprising:

means for receiving a first spread spectrum signal W1th a first pseudo random
chip code sequence, said first signal including first signal multipath components; -

means for determining a first received component of said received first si gnal

multipath components;

means for determining a delay associated with said first received component;

and

means for transmitting a second spread spectrum signal with a second pseudo
random chip code sequence and a signal including said determined delay, said
second pseudo random chip code sequence being time synchronized with said

received first spread spectrum signal.
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