3 Cctober 2006 METHOD AND SYSTEM FOR LOCATI NG A MOBI LE SUBSCRIBER I N A

CDVA COMMUNI CATI ON SYSTEM  Field of the Invention This. invention
generally relates to spread spectrum code division multipl2Ocabaedss ( CDVA)

comuni cation systens. Mre particularly, the present invention relates to
a system and nethod that determ nes the geographic |ocation of a
‘subscriber unit within a CDMA comuni cation system Description of the
Prior Art Wreless systems capable of |ocating a subscriber are presently
known ih the art. One wireless technique uses the gl obal- positioning

syst em MERRD ANDISYSEM FOREOCETINGUNIGHILE QiBSPRBAS R A LBGE! ﬁiﬂﬁ%ﬁh ytted
continuously fromthe 24 NAVSTAR satellites. Each lgtgtdg Ite qrrogjr’]sm dat a

indicating the satellite's identity, the location of the satellite and the
time the nessage was sent. The handset conpares the tinme each signal was
received with the tine it was sent to determne the distance to each
satellite. Using the determ ned distances between the satellites -and the

handset . gheRPof i IV tiggat i on of each satellite, the handset can

“triangulate 1its location and provide the information to a conmunication

" base station. ,ﬁwever, , the incorporati on of a GPS within a -subscriber unit
i ncreases its dBsdnvention gepeyplly rolts to spread spectrum code division multiple

.access (CDMA) communication systems._ More particularly, the prqéent invention
relates to0 a system and method that determines the geographic Jocation of a
subscriber unit within a CDMA commiunication system.
Descx_:;iption of the Prior Art )
Wireless systems capﬁble of lMg a subscriber are prcéently known in the
art. One wireless technique uses the global positioﬁing 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 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 apd 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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Anot her subscrib er location technique is disclosed in U S Patent No.
5,732,354. -A nobil e tel ephone using tine division nultiple access (TDVA) as
the air interface is located within a plurality of base sBacicba2008he

- nobi |l e 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 swtching center, the received signal strengths fromthe base
stations are rT&gpared and gﬂfe)cessed The result yields the distance

bet ween t he. pikier: subsgriber lecationatechnique #¢ aliscddosed iRV, $. "pagntighances.
the location of the nmobile tel ephone i's cal culated. Wreless communi cation

w73, SRR AP g el ividiSF AP aefe MRS e "
transmtted, usi ng a W de bandwi dth (spread spect.run) by rmdul ating the

data wi t FiRinigEacd1S lovated within e qlerality of base sEions2dVEO haftfle &3

that CDMA systens are nore resistant to signal distortion an(?lnter erlng

_ frequencmhfbstthgréééqm bf{hé%ﬁ' gg&e)% gat i on syst ens usllngtgo'ﬁlhe

nore comon tinme division
mul'tiple ccess FDVA) techm ques. There exists a need for an accurate

mobile s 9 eachomspeativeshaseastatiomt Atis enolsihs switchiRaO¥ertédighabl e in

an existing CDIVA comuni cation system -2 3 QOctober 2006
teceived 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,. data is transmitted usigg ; 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 and interfering
frequencies in the transmission path than communication syetems using the more
common time division multiple access (IDMA) or freque_pey 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,




SUMVARY OF THE | NVENTI ON I n accordance with one aspect of the present
invention, there is provided a subscriber unit conprising: nmeans for
receiving a plurality of first spread spectrum signals ea8@ctoberr2806 spr ead
spectrum signal having a first code neans for analyzing an inpul se
response of multipath conponents of each received first spread spectrum
'signal to determne a first received conponent of that received first
spread spectrum' signal; and nmeans for each received first spread
spectrum signal for transmitting a second spread spectrum signal having a
second chip code tinme synSEIMMARY OF THE INVENTION ei ved conponent of that
received first spread spectrumsignal. In accordance wth another aspect of

the present invention, there is proyided a subscriber unit c n&rising:
means for reeRGFORiRnee Hithy anG aspeek of thespresgnt anyenipRcIETFIS @P‘éﬁg & each,

first sprea trum.si gnal ' i , R@hyzi ng an
i npul ségf’%"ﬁ&ﬁgﬁﬁ&’ Hl%?‘flgp%[eﬁ&ggd&pr}gﬁégﬁ{dg %Plué%c ’Orf g%%irl?édﬂ; ?p?:st spr ead
Spect I Wianai SRR, £k spRba sPedtind signabhavige 8 ifir@dtode mpane fir ablyringtan ecei ved
first spread spectrum signal; neans for determning a code timng

di f f er émpelsbaespomse ofiendliipath compmingnid ofcershorsesived st pEcadetRECFR@ i r st

spread spectrym signals;, and ans for transmtti f he j.d ng

a1 1 or aMHFe) 9 GelaTRIlE G T300KES RAPERIE SRR T T T B BRI
signal; and means for each received first spread spectrum signal for transmitting a
second spread spectrum signal having a second chip code time synchronized to the first

received component of that received first spread spectrum signal.

In accordance with another aspect of the present invention, there is provided a
subscriber unit comprising: means for receiving a plurality of first spread spectrum
signals, each, first spread spectrum signal having a first code; means for analyzing an

- impulse response of multipath components of each received first spread spectrum
signal to determine a first received component of that received first spread spectrum
éignal; means for determining a code timing difference between the first received
components of the received first spread spectrum signals; and means for transmitting

the code timing difference.
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Figure 1 is an illustration of a sinplified, prior art CDVA system Figure
2is an illustration of a prior art CDVA system Figure 3 is a block

di agram of maj or conponents within a prior art CDMA systepOcloberaes 4 1S a
bl ock di agram of conponents within a prior art CDVA system Figure 5is an
illustration of a global pilot signal and an assigned pilot signal being
comuni cat ed between a base station and a subscriber unit. -3a 3 Cctober
2006 Figure 6 is a block diagramof a first enbodi nent of the "present
invention wusing at |east three base stations. Figure 7 is an illustration
of locating a subscriber unit using the first enbodi ment of the present

a"second enbod meROE DESERROZETON O Tl DRAENGS, component s use |

a subscriber unit. Figure 9 is an illustration of |ocating a. subscriber.
unit using Elgareéaeauﬂlesmmmﬁasnfqmﬂed, syt COMANSYs®m\V th two base
stations. Flgure 10 is an illustration of Iocatlng a subscriber unit using

Statione BIEURERIS R IS St ERRSF A MR Sy e i rd embodi ment. of
the Pr esen%ﬁ‘lgure 3 is a block dxagmm of major components within a prior art CDMA |
System.
Figure 4 is a block diagram of components within a prior art CDMA system,
Figur.e $is an illustration of a global pilot signal and an assigned pilot signal

‘being communicated between a base station and a subscriber unit,
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--invention having a base station with nmultiple antennas. Figure 12 is an

il lustratiaon of the third enbodi nent having a base station with multiple
antennas. . Figure 13 is a block diagram of conmponents used Qcobedpeod hi rd
enbodiment. Figure 14 is an illustration of nultipath. Figure 15 is a
graph of a typical inpulse response of nultipath conponents. Figure 16 is
a bl ock diagram of conponents within a fourth enbodi mnent correcting for

mul tipath. -4 3 October 2006 DESCRI PTION OF THE PREFERRED. EMBODI MENTS The

Pl Gur s whr o REERNS i1 e block dbfiaehl oY it el el of che presea migadon

Figure 1 is a sinplified CDMA conmmuni cati on system A data signal with a

gi ven bandyingtableéast three dase statianspr eadi ng code generated by a pseudo
random chi p code sequence generator producing a di gi tal spread spectrum

Soe poeut RN 20 ob BuBhoh hrcPRRGR v SubliSher Shichas e it "

other signal within the transm ssion bandw dth appears as noise to the
si gnal beembodinsstaddhe poesent invegtion with arleasttthree baselst@idmeei ver, an
unnodul ated. pilot signal i

Figure 8 is a block diagram of a second embodiment of the present invention |

l-

showing components used in a subscﬁber unit.

Flgure 9 is an illustration of locating a.subscriber unit usmg the second
- embodiment of the present invention with two base stations.

Figure 10 is an il_lustration 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 thlrd embodiment of the present
l'in\'fe:;;tipn having a base station with multiple antennas.

Figurel2is an illustration of the third embodiment having a base station with
multiple antennas. - | .

Figure 13 is a block diagrani of components used in the third embodiment.

Figure 14 is an illustration of multipath,

Figure 15is a graphof a typicaj impulse response of multipath components.

Figﬁre 16 is a block diagram of components within a fourth cﬁbodMent

~ cormrecting for multipath.




required .for every transmtter. The pilot signal allows respective

receivers to synchronize with a given transmtter, allow ng despreadi ng of
a traffic 'signal at the receiver. In a typical CDVA systefmOchhee086 ati ons .
send gl obal pilot signals to all - subscriber units within their

conmmuni cating range to synchronize transmssions in a forward direction.:
Additionally, in some CDVA systens, for exanple a B- CDVMATM system each
subscri ber unit sends a uni que assigned pilot signal to synchronize

transm ssions in_a reverse dlrectlon |gure 2 |IIustrates a_CDVA

conmmuni cation s Bm a pI urality

of base stations 361, 362 ... 360. Each base statlon -5 -

““““ refenedcqibod%n@?&‘wgl ibeelwith 7ef éﬁz éﬂr&’i‘éﬁl@ ess
commnlcatlon W|t a plurality o SCI‘Ig units i’%fr (}g% 40p,” whi ch
may be fixed or ‘nobile. Each subscriber unit 401, 402 ... 400 conmunicates

with eit rf@mmevltﬁrgé&;tnmalsmnesm I elgmentethsaughotitat i on 361 which -

provi des the st rongest conmuni cation. signal. Each base station 361, 362 ...

' 2$st e?n |3(r)1 as owanlir%q [ S‘G?QS gk@bPWa%W at “the Qe?\té%ﬂraogf
the co rmus;]gln(gli tv&t&? zst gf\?/csﬁt t?anz:d?\:\gdt?Ss mixed witha sprcadmg codc generated by a pscudo
random chip code scquence generator producing a digital spread spectrum signal.
Upon reception, the data is reproduced after cort'elation with the same pseudo
random chip code sequence used to.u*ansmit the data. Every 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
~ synchronizeé with a given tratasmitter, allowing despreading of a traffic signal at the
receiver. |
In a typical CDMA system, base stations send global pilot signats to all
-subscriber units within their eommunicéting range to synchronize .transmi‘ssion's 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

system 30 compﬁses a plurality of base stations 36,, 36, ... 36,. Each base station
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communi cates with a plurality of network interface units (Nl Us) 341, 342
340. Each NIU is in comunication with a plurality of radio carrier

stations (RCS) 381, 382 ... 38,, or base stations 361, 3620ctob@®8006. Each’
(RCS) 381, 382 ... 38. or base station 361,.362 ... 360 communicates with
a plurality of subscriber units 40i, 402 ... 400 :.withinits :

communi cating range. Figure 4 depicts a block diagram of the pertinent
parts of an existing spread spectrum CDMA comuni cation system Each

| ndependesg, 3636, 362s'iA Witdessorimunicatibn wWieh phira ' 8 g,l | I ot
si gnal - usi nlg’l@gl_ob'él pilot chip cc‘ilg]e generat|E g &%&Hﬁgﬁgﬁlﬁg rdet?!d
spectrum 'rocesai ng means 441. The gl obal pilot chip code generating neans

421 gener4Pes. 40unwhich moy heofixed esrmebile diagh subscribereunitidd,, 40, quddpseudo

random chi p code sequence is used to spread the resultant signals

bandwi dt fliéa A i R / Lo e, :ahe
spread rs1(|€)(?aici:i-trum p)ﬁr)'%‘é&a@m ngr?;%ﬁ%ggn% uf%?%gﬁ{l%%%&& %@Sé%ﬁbw@g'ﬁb
sequence up to a -6 3 COctober 2006 . desired center frequency. The gl obal

pi l-ot si grr@vides the shiongest edmmannitationsigoal. dBachibase station By36he 363 iein
station's transmtter 46,. A receiver 48, at a subscriber unit 40, receives

avai | abl qi Eﬁi]%i ) L O L Q 36" : 369. As
shown i'n Figure @,uo? ﬁ@% %%‘gf Q%%tn cé%’ Qﬁ.itrhgge srrom ]ﬁ%&g’ééﬁ&gﬁﬁpcﬂ‘? 36,
to the subscriber unit 40, and can be represented as: )

shown in Figure 3.

A local exchahge 32 is-at the center of the cdmmmﬁ_cations system 30 and
communicates thh a plurality of network interface units (NIUs) 341'; -342 . 34,
Each NIU is in communication with a plurality of radio carrier stations (RCS) 38,,
3?3, ... 38, or base stations 36,, 36, ... 36,... Each (RCS) 38,, 38; .- 38, or base station

. 364,36, ... 36, communicates with a plurality of subscriber unis 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 361, 36, ...
36, generates a unique global pilot signal using a global pilot chip code generating

. means 42, and spread spectrumn processing means 44,. The global pilot chip code
generating means 42, generates a unique pseudo random chip code éequencé. 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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tr=dr ¢ Equation (1) The tine the signal travels fromthe base station 36,
to the subscriber unit 401, t,, -equals the distance between the base
station 36, and subscriber unit 40" dl, divided by-the sp&é&kitobér200ght, c.
Referring back to Figure 4, a global pilot chip code recovery neans 54,

Wi thin the subscriber unit 40,  can receive global pilot chip code sequences
froma - plurality of base stations 361, 362... 36n. The subscriber unit 40,
generates a replica of a global pilot chlp code sequence and synchronizes

Subseri b oefisr fachchil P gibbhlhuloh eSS il s Sy vaea i <

functions of the subscriber unit 401. The subscriber unit 40, generates an'

assi gned 40|yt theibasestaBidn’sirangmites dgped  pil ot chip code generating neans

56, and spread spectrum processi ng neans 581. The aSSI gned pil.ot” chip code
generating mea r eudo. r dom chip g sequence with its
tifing synchr rgé%’v\ffﬁ?e :ﬁ SE@W%F a'l'ecﬁ‘ﬂeﬁta ﬁ};g@g&lg fromoger
2006 sequence. As a result, the assi gned pil ot chip code sequence is ,

del ayed ipfutalityof haserstamm:’:ﬁ,psﬁpe 3635 Asshatvindn E’nggre $Othe globalGfi Iot 50¢

spread spectrum proce55| ng means 58, generat es assi gned pi‘l ot sfgnal
52, by nmpdu code. nce up . to a desired
center f &Yl %rf’é?’ﬂti?ﬁg’ @ 36 qt&s Pr‘ﬂ'més canberepresentcdaS' _

T =d.
¢ : Equation @

The time the éignél 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. |

_ Rcfenipg 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

| of a global pilot chip code sequence and synchroﬁizcs 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 func_tioﬁs 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 506, generates a j)seﬁdo random chip

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

iy




-transmtted to all base stations 36,, 362 ... 36, within range to receive
the assigned. pilot signal 521. The base station 36, receives the assigned
pilot signal 52, with the base station's receiver 621. The Ocebeai20e6
assigned pilot 52, travels the sanme distance d, as the global pilot signal
50, as shown in Figure 5. Accordingly, the received assigned pilot signal
will be delayed by -r, with respect to the nobileunit 40, and by 2t; wth

respect to the global pilot 50, generated at the base station 36k. Since
recei ved  at. t he base

the chip cod nc f ) Lgned, pi .ot .52, ]
station 36, _§e®f£ﬁ:§' dg? g%%lhgﬁgﬁksqgﬁ?qﬁm&co% Seqienga is,delayed by gy emith
of the global pilot signal 50, generated at the base station 361, the

round tri respegttoi the bastestation 36,, 3620, 36, ' : i
Pihe T o 2 nod.. 3T, The SpiehSpectinf BORRLLifig nicafs 58,

timng of the two chip code sequences.

del ay, 2t,, e.di stance .dl _between t ase station 36, and subscri ber
unit 40, can,é%?eau ‘%etﬁﬁiaﬁ%‘&nﬁ Pﬂ\&ﬂ}félgﬂﬂpgzpﬁx Wating the assigred ipilot zhiiScodé a
spreadi ng sequence having a chipping. rate of at |least 80ns is used and the.

communi cat i csequgateruphas 4 esitdd |deinter! freficidy. LR affipghed BiiBr siftfn %51 gpce

dl can be neasured to wthin 2 neters.
transmitted to all base stations 36,, 36, ... 36, within range to receive the assigned

pilot signal 52,.

The base station 36, receives the assigned pilot signal 52, with the base
station’s i‘ecciv'er 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
assigned pilot signal will be delayed by 7, withrespect to the mobile unit 40, and by

- 2tpwith respect to the global pilot 50, generated at the base station 36;.

Since the chip code sequence of the-aésigned pilot 52, received at the base
station 36, will be delayed by 27, with respect to the chip cédcsequence of the
global pilot signal 50; generated at the base station 36,, the round trip propagation
delay, 2t,, can ber determiﬁcd by comparing the til:riing. of the two chip code
sequences, 'Usilig the round trip propagation delay, 27,, the distance d, between. the
base station 36, and subscriber unit 40, can be determined by:

dy=c- 21,
2 Equation (2)




Figure 6 is a block 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 subscri ber 3ricbér20f ocessor

821 and the processors 66le 662 ... 66k, 68, 701, 702 .., 70. |ocated ‘
wi thin the base station-361, N1U 341 or Local Exchange 321, Precincts 741,
742 ... 74. and Anbul ance Di spatcher 76. The subscriber unit 401 is sent a

signal by a base station 361 indicating that a 911 ball was initiated and
to begin the subscriber |ocation protocol. Upon receipt, the -subscriber
uni t 401 Ival $preadingnséquenge havingra chipping saterehahlasst 8ingtis psed and the

sequence to at |east three base stations' chip code sequences. To al l'ow

i s nopiftieRnba AT ahids WEntily g ok 116031 PO B dRradcf T TUTREL °C

hi gher than normal power |evel tenporarily over-riding any adaptive power
control atepsurechtoswithip? anatersor 661 wit hi n each base station 361, 362 ...

36,, is coupled to the assigned pilot chip code recovery neans 641 and the

gl obal pil ot ' 0 ‘ two .

- chip code squﬂg@é‘g%ﬁgaﬁp@gﬁ%q}@]ﬂ%%%ﬁ@ %{r)é%a k@gérwgéﬁ%ﬁl T2 .
do and the respective distance dl, d2 ... dp between the subscri ber

uni t 401Naeraflditionabmydware is roguisedsimthecubsaiberasit 40, Be'only changesareber
2006 Wthin either a NIU 34, or the |ocal exchange 32, a processor 68
recel Vesintlphﬁmented by software within the subscriber unit’s processor 82, and the
Processors 664, 66;... 66, 68, 70;,70; . 70, located within the base station 36, NIU
34, or Local Exchapge 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. Updn receipf, '
" the -subscriber unit 40, will -seqqentially synchronize its transmission chip. code
séij‘uén& to at least three base stations’ chip code sequeﬁces. To allow reception by
the base statioﬁs 36,, 36, .. 36, outside of the subscriber umit’s normal
communicating range, these transmissions will be sent ét ahigher than normal power
level temporarily over-riding any ddéptivc power control algorithms. -
A processor 66, within each i)ase stéti(;m 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 détcmﬁne the

round trip propagation delay 1y, T, ... T, and the respective distance d,, d, ... d,

between the subscriber unit 40, and the respective base sta-ti01‘1'361, 36, ... 36,.
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di stances d,; d2... d, fromthe processors 661, 662 ... 66, within all the
base stations 361,362 ... 36g. The processor 68 uses the distances d" d2
... d"to determ. ne the |I|ocation of the subscriber unit 40QOcaberf2604 ows. By
usi ng the known |l ongitude and | atitude fromthree base stations 36" 362,
366 and distances dl, d2, d3, the |location of the subscriber unit 401 is
determned. As shown in Figure 7 by using the three distances dl, d2, d3,
three circles 781, 7%$2,783- with radi ae 801, 802,803 are constructed. Each

circle 781, 782Wilifa cithef & NP 34] GtRe bal 35 : .00 361,
362s 363. The intersection of tHe ttﬁree cﬁ%bﬁégg%zélﬁ‘}%?&fiéﬁe@%%&% at
the'Iocati% of the subscriber unit 401. Using the Cartesian coordi nates,

the | ongi teigEnEeHd) &b it delEros Hiecprocassonsy66,w66).. 6, withireall the base #ions362

36, is represented as X., Y., where X. is the longitude and Y. is the

| atitude. 36, X' 38" egpRt OF&% ' : sgriber unit 401, using

the di st an3cdé’ fzg% mjlsg" t %gef[gl ow°%§8§%sbgta? %ﬁ@#@ggﬁgﬁ%%i 3@("289@@“@2&19 di e
Equation (3) _(Xz_X)2 +(Y2-Y)2 = d2 Equation. (4) (X3 X)3 +(Y3-Y)2 = d32

" Equation (efation of thetsubscrilar unit 40@as followsr s i n.cal cul ating the di stances

d,, d2 , d3, Equations 3,4 and 5 cannot be sol ved using conventi onal

S EEPLg0ooEORA e rnBAaLdy il H bSSaS RS ALT
36; and distances d 12 03, ds, the lmﬁon of the subscriber mﬁt 40, is determined. As
shown i.n.FiguI"e 7 by using the three distances d,, d,, d,, three circles 78,,78,, 78,
with radiae 80y, 80,, 80, are constructed. Bach circle 78,, 78,, 78, is centered around
a respective base staﬁ;sﬁ 36,, 36,,36,. The intersection of the three circles 78,, 78,,
" 78, is at the location of the subscriber unit 40,.
Using the Caﬁesian coordinates, the longitude and latitude corresponding
“with each base station 36, 36, ... 36, is represented as X,, ¥,, where X, is the

longitude and Y, is the latitude. If X, ¥ represents the location of the subscriber unit

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

X;-X)* (Y, Y =d? ' Equation 3)
X,-X)* +(Y,‘--I’)z =d;} Equation (4)
X,X)? +(YY) = a? 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

N for the errors, a maximum likelihood estimation is used to determine the location and
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3 Cctober 2006 are well known to those skilled in. the-art. For increased
accuracy, additional base. stations 364, 365 ... 360 can be used to

cal cul ate additional distances for inclusion in the esti ndtQobezd8bysis.
The subscriber unit's location is.sent through the communication system 30
to at | east one precinct 741, 742... 74n and an anbul ance di spatcher 76. A
-processor 701 within each precinct 74,,742 ... 74, and the anbul ance

di spatcher 76 _receives the location of all 911 calls originating in.the

syst'em aide Welbkngwnitadhossoskilled imthecart. cBosvincrdased laceurapyf additionaltisise 721.
The display conprises a listing of all 911 calls and addresses on a

geogr aphiga 1{R- | t I Rraqcessors by
transmtt Fang rgv@n%%'éﬁq;?gﬁm %@Mﬁ%@lgﬁﬂﬁwoﬂﬁﬁﬂng&si ng
the raw data at a single :site. Figure 8 is a second enbodi ment of a

| ocat i onthsyestgnation gis. two base stations 361, 362... 36. have their
internal timng synchronized with each other and transmt their respective

dequences. _Tha e aeReiRe il focgsipt s sl Hrdugfns AR cARn e 455°
52a. However, the received global pilots 521, 522 ... 520 are not :
T el o e i e R et
seco ”‘d b6 Swithft d4dh piEinkt P4 YA, d 73 E 8L ariflanc dispatcher 76 receives the
Tocation of all 911 calls originating in the system and displafs 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 connnunicatit_l_)nA 'systcm 30 and processing the raw data at a éingle
site. |
.- Figure 8 is a second embodiment of a lmaﬁon system. At least two base
stations 36,, 36, ... 36, have their internal timing synchronized with each other and
transnnt their respective globai pilot sigﬁals 52y, 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

;. The global pilot 52, from a second base station 36, travels distance d,-and is

delayed by T,. The subscriber unit 40, recovers each base station’s global pilot_bhip’

-11-




del ayed by T2. The subscriber unit 401 recovers each base station's gl obal

pilot chip -11 3 COctober 2006 code sequence with its global pilot chip
code recovery neans 54,. A processor 82, wthin the subscgriteeben2tdd 40, is
coupl ed to each global pilot chip code recovery news 541, 522 ...- 54g. The
processor 82, conpares the chip code sequences of each pair of pilot chip
code sequences and calculates the tine differences At,, At2 ... At.

bet ween the sequences as foll ows. Vvthin t he subscriber unit 401, the chip

code sequeobdesequrd ehﬁﬂﬁiﬁ%ldlﬁﬁ%ﬂo@b @éovr?% 3 apt%pﬁt o] %&(;essor

After synchroni zing Wlth the first baSe statio
82, wll r, e V\/ner w,.thin,t sequence synchroni zat | on was obtai ned
Thi s pr oc 840 41 ahBssfiter it Fhisoempiod te bach gidtok pilbb Zhifs05de rooc¥esy The

synchroni zati on process can be done sequentially (synchron|2|ng to the

first basmeaﬁgQA[ S, stl m@mc&m C
paral | el (synchroinl ZI ng t'o al | basg eoﬁg%gm‘fcﬁiﬁﬁggﬁﬁ& O%Bﬁcrlhsi ng
the relatiyve to each base station's

fference bet ween. T" Ca
chip codep%léﬂtéﬁe tchip gode sequegcenand @dcmatﬂsﬁhe time differendes|At;, Aes. sAEt at
the sane tinme, with two base stations the tine differences are cal cul ated
as fol | ovisetwlén titel sequiehcdstdsolis 6) At2 = T3-72 Equation (7)

Within the subscriber unit 40;, the chip code sequences used by each base
station 36,, 36, ... 36, are stored. After synchromzmg with the first base station’s
pﬂot 361, the processor 82, will store where within the sequence synchromzauon was
obtained. This process is repeated for the other base stauons 36,, 36, ... 36,. The

-;«synchromzauon process can be done: sequentially (synchronizing to the first base
- -Station's chip code sequence tl_len the second, etc.) or in parallel (synchronizing to ail
.-base stations at the same time).

By using the relative time difference between 1,, T, ... 1, cachbase station's

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

time, thh two base stations the time differences are calculated as follows:

Aty =1, -1, Equation (6)
Atz = 73"'72 - ) qulaﬁon (7)

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

stations 36,.

-12-




The time differences At,, At2 ... Ato are transmtted to at |east one of
the base stations 361. -12 3 Cctober 2006 At | east one base station 361
recovers the tinme difference data fromthe received signal $ Qesibagodé ne-

di fference recovery neans 841. The tinme difference data is sent with the
di stance data di through the comuni cations systemto a processor 68. The
processor 68 determ nes the |ocation of the subscriber unit 401. using the

time.difference data Atl, Ate ... At, and the distance data d" d2 ... d" as
fol | ows. Usi-ngAitrieastneié ®Rsé SBIFoA"SY, fatBv 51?1?1% &itf hom in
Figure 9, the-processor uses di sta ces d{'ﬁlsﬁs creafé&t%\/\g&g%@%e e781

782. Using the tinme_ difference a hyperbol a 861 can be constructed as

fol | ows. wcﬁélgmlwsngmdtffc@ewmmms B4¢ cThetimeelifferehod dagal ot

signals 521, 522 tomthe synchronized base stations 361, 362 with the sane

time diffigseRCwi verted to a

di st ance lglsffereﬂr}éﬁge%%e%tg‘af%{oh%g &W‘?gﬁo&ﬁ&%& n &P’?jm?%?r
Equat|oné18 ﬁ g the distance fornula and X, Y as the Iocatlon of the '
subscrib ¢ Pl@qessehé mmrmmmﬂwdoeaumﬁ theudubscriberlenit $0; Wig (k- 1' ) 2-
X)2+(y2_ Equatlon (8) By using Equation 8 with Equations 3 and 47in a

maxi mum lgpke gﬁ wgtl tﬁﬁahﬁ?ﬁéﬂﬁ&n%&a% su scr be%o]fo%é 401 can

be det er.m ned The subscri Ther
| Using information from only two base stations 36;, 36, as shown in Fi;gure
" 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,

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

 sfromthe synchronized base stations 36,, 36, with the same time difference, Af,. The

.« time difference Af, can be converted to a distance difference Ad ; by substituting At,

“for t; and Ad¥ for d, in Equation 1. Using the distance fofmula and X, Y as the

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

My P, DO, 77 Bavation ®)

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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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 3

Oct ober 2006 For inproved accuracy,. additional base st at i3@esbd6Dp6 363
"36p are used. Figure 10 shows the invention used with -three base stations .
36i., 362, 363. The distances dl, d2,” d3 are used to create three circles
781, 782, 783. Using tinme differences Atl, Ate, two intersecting
hyper bol as 861, 862 are constructed. Wth maxinmum i kel i.hood estination,

t he. subscri ber 15 lacation cal at with fwo. hyperbolas 861, 862,

and three cirgﬁgghéé%ﬁéaégp UACYs ﬂéﬂﬂgwgg éwmﬁﬂéﬁkﬁcg 6, As I6p@ne usedFi gur e
8, the subscriber unit 40lis required to process each global pilot chip :

code seqiRigure 10 shetves theinventiohi wed Gvith ShARCES A %s am A‘h@l

al ternat e appr-oach rermves the processi ng fromthe su SCH’bEIz’

Wth ref%‘lI nce t Iiggé{ ‘mobile unit 401 will-synchronize the

assi gned &t G0 30‘I'r°tﬂ i crepte thege eirgles bid;, ﬁﬁhp%phlﬁismgdm}e

sequences, such-as the near est . base.station 361 with a delay of .. The

assi gneddiffdrencdsOAt,, SA Wﬂté:@éc B t 369.
o1 i B 904 85,58 i,

The assigned p| |l ot 501 will be recerve bas
respectlyrl%: Gm%/ + T,,.Tl .+ T2, TI +_t3. Each base station 361, 362 ...
36. wi | | TAZEHNOY ke ion, thé subscaiben vaits] loegtion calcntted withivo ed

di stance to a _processor 68 located in a NIP 341 or |ocal exchange 32. The
pr ocessduypesbolas B6,, 86,, and three circles 78,, 78,, 78; yields greater accuracy.

As shown in Figure 8, the subscriber unit 40, is required to process each
global pilot chl;p code sequende to determine the time differences At;; At, ... At,.
*An alternate approach removes the processing from the subscriber unit 40,.

With refere_nce to Figure 6, the mobile unit 401-Wi11»sy;nchroni-ze the assigucd
pllot to one of the base station’s global pilot chip code : sequenccs suchas the nearest
basc station 36, with a delay of <,.. The assigned pilot 50; is transmitted to all base

~ stations 36,, 36, ... 35_1‘- Thc assigned pilot 50, will be received at each base station
with-a respcctivé delay, 17 + Ty, T, + Ty, T; + T;. Fach basé 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 cxchangc 32. The processor 68 will
ca]culate 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 1;, the T, delay will cancel out of the resultant time differences At,, At,




calculate the time differences At,, At2 ... At. by conparing the received
assigned pilot chip code sequences. Since all received assigned pilot chip
~code sequences are delayed by T1, the t, delay w |l cancel’ @itbepf00s he
resultant. tinme differences At,, At2 14 3 Cctober 2006 .. At p.

Accordi ngly; the subscriber unit 40, can be |ocated using hyperbol as 86,,
862 as previously described. Another enbodi nent shown in Figures 11,12 and

13 uses abase station 361 wth multiple ant'ennas 881, 882 ... 88g. Two of
the ant enpajt, 8Alc - théd Il : i.stgpce, . 1,
apart as shown I n F| ggbta 11. lﬂ%glt] . @“Q%ﬁfﬁm%é%‘@@ﬁ%@%gﬁsgﬁgned

pil ot signal 901, 2 fromthe subscriber unit 401. However, the antenna

882 furtI‘%"rP"&WﬂY ﬁﬁ‘ﬂb@dsubscrl ber unit 401 receives the signal over a
slightly Ionger distanced," and with a slight delay with respect to the

nearer antenna,qﬁgﬁ-ler‘gmmb e |fferenc
between the signals recel ve at ea %Flgggg%%ga%%@isﬂgﬁ E?ﬁﬁté ‘113
processor 66 usi ngethe received-carrier phase difference and the chi p code

sequence Witk sipaliipie pytenaas 88,,-88si. Ffad Pwowf thei mtemmis 88;c 885 M ateaps 961,

962 ... 96, can determ ne the location of the subscri ber unit 40, as

o st ance T rerAReS7 @ LAOHE ditante,d, BT FE 6y 1 RhiefiRg 117 g Carions s2

As seen % t e scal e of
8, receive the assigned pilot slgnal 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 &elay with r'éspect to the
nearer antenna 88,. This delay resulis in a carrier phase differ;:ncc, ¢, 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
assigncq 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 r;lista'nce 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 rcceived assigned pilot signals 90,, 90, are
.slightly separated. The reccived 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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Figure 12 both received assigned pilot signals 901, 902 appear to be
coi nci dent... However, as shown in Figure 11, the received assigned pil ot

signal s 901, 902 are slightly separated. The received assi3ghesbefiob6t
signal 90, returning to the first antenna 88, travels a distance dl. The

recei ved assigned pilot signal 902 returning -15 - --------- -"--- -
------- 3 Cctober 2006 to the second antenna 882 travels a slightly |onger
di stanced,'. As shown in Figure 11, the difference between the two

di st ancestodhe sécondsamentiz88;teavels a Sligiitty longerdistanos 45, d.s shibwn Bﬁﬁﬁﬁ% the
t

antennas 881, 882 and the subscriber wunit 40, .are nuch | arger the
di st ance n -t he, ant ennae 881, 882 bpt recei ved assi gned pil ot

si gnal s 9@1%‘5@@?@8??% &WPWP&I 21 isaditangan. constructing a
right triangle using a point 94 which is dlstanced fromthe subscriber

t 401 I8inte the & d}.d
uni as s isgiices &), d,! HRetwes me a(nféiﬁla@ ‘888 B rdﬂd‘?ng s%s[(h-ﬂﬁr

follow ng -geonetric relatlonshlp = uat’ on
di stance_m.c be det erm ned, b sin carrier phase difference, 4),
bet ween UHE @ee@@FSJGI&qrgthézéﬁ@dﬁ?mwrfWﬂl geantennae 882 88 bothon
(10) The distance mequals the phase difference between the two signals,
4), Tn racbedved assigned pilot signals 90y, 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 anglé o can be determined by the following

~ geometric relationship:

o« = COS? (/). ' - Equation (9)

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

25" . between the two received signals 90,, 90, as follows:

m= z—- | Equation (10)

*. The distance m equals the pha;sc difference between the two signals, ¢, in radians
'multip]ied by the wavelength of the signal, A, divideﬂ by 2x. The wavelength, A,
can be derived from the known f_requcncy ¥ of the assigned pilot signal as follows:

= c/f.

Equation (11)-




mul tiplied by the wavel ength of the signal, I, divided by 27c. The
wavel ength,- A, can be derived fromthe known frequency f of the assigned
pilot signal as follows: .1=c/f. Equation (11) -16 3 CcBahahe206 The

processor 68 al so conpares the chip code sequences of the global pilot-

generating neans 421 with the recovered assigned pilot chip code sequence

to determne the distance dl as shown in Figure 6. Using both the angle "
" the processor 661 |ocates the . subscriber unit 401 using

and di stance d'
si npl-e geonet rPhe precassor6® alserpntrabo it e &g\%e % 4 din
p‘éﬁﬁési ns a gﬁ%‘%"%&%&ft he

the art toelimnate the anbiguity between |ocat

ant ennas 881.; ch.techni que i usi ng antennas enpl oyi ng

sect ori zﬁ%ﬁéﬁtﬁ%&%eﬁl Vltthtﬁ'@ 553%%@%%8!@@%@&% ehipt cade sequenesttot o t he

precincts 741, 742 ... 74" and anbul ance di spatcher 76. Additional :
al'ternate

ant ennas doternine tlusdistnct dpassiovtin Figude & TGHe Baul g ai¥'*iha flices 56

enbodi nent uses nore than one base station

| ocat ed g t-l.ﬁi n_eit her6$ | U Sfi&c or. the | ocal exchange 32 collects distance
and angl &ri'fif BFAETSS8h xg’r?ﬁ% £ & upHA0, a1sing Smds geodBly. TG as
well as“the time differences At,, Atz ... At., between the base stations

g? (1),0 g S . O?reégaggggcecmueeg welkkaowsi 18 those 6t B theitt toBhintilee 8 ATy t "©
between locations abbvc and below the antennas 88,, 88,. One such technique is
using antenpas employing sectorization. Subsequently, the subscribér 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
-prbcessor 68 located within either a NIU 34, or the local exc.:hange 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 361, 36,...36,.
Using thc? 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,, 982 — 98, between the base station 36, and

subscriber unit 40,.

-17.- :




a nore accurate |ocation of the subscriber unit 401. A fourth enbodi nent

corrects for nultipath. Figure 14 illustrates nultipath. A signal such as
a global pilot signal is transmtted froma base station 368X0ctdbae2006i gnal
follows a nultitude of paths 981i 982 ... 98. between the base station 361

and subscriber unit 401. -17 3 October 2006 Figure 13 is a graph show.ng
the i npul se response 136 of the received nultipath conponents. Since each
recei ved nulti%glth conponent travels a unique path, it arrives at a

recei ver vi t h. diguppddais argrash ahoddhethe deguldy ehforseBE oFftikhBceipalin
981, 982 ... 98g. The inpul se respons% logmghows fl%be col | ectiv% SI gllr%g{i -
magni.t ude_Qfs,.al | e_nul tipath conponents. received at each propagation

del ay. Thgﬁgpﬁebb g '&/’Oﬁe&t%r'sm eﬁ%sr@??lb'%‘? Mﬁﬂ?ﬂtﬁ&@mnt avelsquaigue suned
the subscriber unit 401 synchronizes with the line of sight nultipath

conponent path] it arriveeit axgceivet ﬁﬁﬂﬁiproﬂdgﬂmﬁi«ggir Egﬁgﬁ%i%?@ﬁ%@?ﬂhe 980

synchroni zes with a non-line of sig

the di st | cyldh at i W be in error dug to the delay MD, as shown
in Figur 35'{(@ 5&’9%%%"1 n's y@PB‘ﬁFEJPPB‘&SPr@é Shows (Bescollentivie signal om
mul ti path. The global pilot 501 is sent fromthe base station 361 to
subscri bemagnittdel6f all themuitipathrdoaionients refived at bRH Propata®én bRy ™! t4 path

conmponents using a nmultipath
The previously described subscriber unit Jocation techniques assumed the

g

subscrib_er 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 MDD, as shown in f‘igure 15. |
Figu;'e 16 is a systém correcting for errors _res_ulting 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 éonlponents usiné a multipath
receiver 102, such as disclosed in U.S. Patent Application No. 08/669,‘769, Lomp
et al., 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 co@onent. If the line of
sight component is not received, the first rccci#ed component 98; will be the closest

and, accordingly, the best available estimate for the line of sight component. The
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receiver 1021 such as disclosed in U S. Patent Application No. 08/669, 769,
Lonmp et al., incorporated here by referenée. A processor 821 within the
subscriber unit 401 analyzes the inpul se response-100 of 8ha:tabec®deed
gl obal pilot signal 501. Since the line of sight nmultipath conponent 981
travel s-the shortest distance d" the first received conponent 981 is the
| ine of sight conponent. If the Iine of sight conponent is not received,
the first received conponent 981 will be the closest -and, accordingly, the
best avail abl e .esf4 mate for,the.li.ne of sight,.conponent, The -18 3 gctober
2006 pr oPEREESTOr$2; Commanes theGhip cofeSeqygnce of e Fist wrceivis eompenent 98, v oo
component 981 w th the chip code sequence used to synchronize the assigned
pil ot chi wigpde chiproede sequidhce a3IPES is gRize e afmi
mul ti path, MD,. 1%2ﬂ nultf%ath del ay, 1, is tr%%snit ed gb§ﬁgﬁﬁg%%9
station 361. . A prqgessor 661 ang mul ti h-receiver 1041 . w thin the base
Station Jwtiueneb: it ommAt O HerFaingE She et e tocmuliigthMDpi | Bhe
signal. As -a result, the nmultipath delay, MD2, of the assigned pil ot _
si gnal i sytisutdeRs, MDiik iemsiditted (0MHebaBekiatidal 5], r ecovery means 1061
recovers the transmtted global pilot signal's nmultipath delay MD, for use
by the processgr 661. The. processqr 661 conpases the, generated gl obal
pi l ot chip cod‘g gg&g@qg@e@@qcﬁ@ Bp Wﬁg%ﬁeﬂ ghl e@ﬁﬁ?ﬁ@&%@ 36, _
sequence to determne the round trip propagation delay 2;. To correct for
perform the same analysis on the received assigned pilot signal. As a result, the

-multipath delay, MDZ, of the assigned pilot signal is determined. Additionally, |
multipath delay recolvc_ary means 106, recovers the tran@ﬁtted 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 cdde
Sequenccl to determine the round trip propag_ation. delay 21,. To correct for
| ﬁnﬁtipath, the processor 66, subtracts both the global piloF si gnai’s multipath delay
MD; and the assigned pilot signals multipath delay MDD, from the calculated round
' trip propagation delay, 21,. The corrected round trip propagation delay is used to
determine the subscriber unit's location in one of the techmques as pfe\}iously

described.

Although the invention.;_has been described in part by making detailed
" reference to certain specific cﬁlbodiments, 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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mul ti path, the processor 66, subtracts both the global pilot signal's

mul tipath delay MNMD, and the assigned pilot signals nmultipath delay M2
fromthe calculated round trip propagation delay, 2T1l. The @asbeeried round
trip propagation delay is used to deternine the subscriber unit's |ocation
in one of the techniques as previously described. Although the invention
has been described in part by making detailed reference'to certain

speci fic enbodi ments, such detail is intended to be instructive rather

t han rest rvagiations bé nhadecinathp iseicRire t hat
many -19 3 Cbtob;?n;006 vari ations nasnggn%gggpP@EhkkEpW?ﬁgpﬂ?sﬁéﬁﬂuﬁnde

of operati r.tin rom t.he scope of the |nvent|on as
di scl osed i?d}n}[ﬂﬁé Q&J’t&‘ﬂ‘e‘ﬁgé"ﬂ%fms ‘Enﬁ‘é hegeii.ns 1. A

subscri ber unit conprising: neans for recei vi ng a pI urality of first spr ead
spectrum si gnal s each, first sprelad spectrumssignal having a fast code ;
means for .analyzing an inpul se response of nultipath conponents of each
received first spread spectrumsignal to determne a first received
conponent of that received first - spread spectrum signal; and




means for each received first spread spectrumsignal for transmtting a
second spread spectrum signal having a second chip code tine synchronized
to the first received conponent of that received ;First spezatepest r um
signal. 2_ The subscriber unit of claim1l wherein the first spread spectrum
signal -is a pilot- signal 3. The subscriber unit of claim1l1 farther -~ -
conpri-sing: neans for determning a code timng difference between, the
first received conponents of the received first spread spectrum signals;
and nmeans for transmtting the code timng difference. 4. A subscriber
unit conprising: 21 3 October 2006 neans for receiving 'a plurality of
first SQ@=ad spectrumsignals, each first spread spectrum signal having a
first codé€,; ans.for anal yzing an inpul se response of nmultipath conponents
of each received first spread spectrumsignal to determne a first

recei ved congenen# sgbacrihax myiteomipisihgf i r st . spread spectrum signal ; neans
for determning a code tlnlng di fference between the first recelved

conponents  efeahilGor REGHME %ymaﬂp@ﬂﬁgﬁe&mwlmaﬁﬁte@em for
transmtting the code tim ng d|f erence
speuuum s1gnal]1avmg a first code

means for analyzing an impulse response of multipath components of eaoh recexvcd
ﬁt spread spectrum signal to determine a first reoeived component of that received first . _
spread speém sigmal; and i |

means for each received firxst spread spectrum s‘ignai for transmitfing a seconﬁ spread
spectnum signal having a second chip code time synchronized to the fitst received coraponent |
of that received first spread spectrum. signal.

| L2 The subsoriber unitof claim 1 wherein the first spread simctrum signal is a pilot
sigtial,

3. The subscu‘bej: unit of claim 1 further comprising:
-means for determining a code timing éiﬁamcebﬂwmnme ﬁﬁmoehed components
of the received first spread Epm signals; and.
- means for transmitting the code timing difference.

4. A subsoribier unit comprising:

- 21 &+




5. The subscriber unit of claim4 wherein the first spread spectrum signal
Is a pilot Signal. 6- The subscriber unit of claim4 further conprising,
nmeans for each received first spread spectrum signal for tgarsbet20061g a
second spread spectrum signal having a second chip code tinme synchronized
to 'that received fast spread ‘spectrumsignal -22

i

means for recclv;ng a plurdlity of first spread spectrum signals, each first spread
spectrom sigal having a first code;
| | means for analyzing an impulse respons‘é of multipath cbmponcnts of ¢ach received
first spread spectrom signal to detennmc a first received component of that received first
spread Specu‘um signal;
- . 1means fordebeunmmgacodeﬁmmgdxﬁ‘ercnsebetweenmaﬁrstmcewedoomponents
of the mcclved first spread speotrom signals; and

means for transmitting the code timing difference.

5 'Ihesubscn‘bcrunitofcleiim4wh§reinﬂ1eﬁrstspr¢adspmsignalisapﬂdrt

6.  The subscriber unit of claim 4 furfher comprising; -
| mieans for each received first spread spaotmm signal for transmitting a second sﬁread
specfmm gigmal havmg a secand chip code time synchronized to ﬂ:atrecelved fixst spread
spectwum signal.

- 22 -




