29 Septenber 2006 METHOD AND SYSTEM FOR LOCATI NG A MOBI LE SUBSCRI BER I N A

CDVA COVMUNI CATI ON SYSTEM  Field of the Invention This invention generally
relates to spread spectrum code division nmultiple acces29 §ptaidbir 2006

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 systens capable of locating a subscriber are presently
known in the art 01e wirel ess techni que uses the gl obal positioning

system S%ﬁén the communi cation handset receives data transnmitted
conti nu 3’3‘ LOGATING ARMQBILRSUBSERIBER ok DM A ICOMMUNIEATIONSSSTERG. dat a

i ndicating the satelllte'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 di stances between the satellites and the
th_the | ocation of each satellite, the handset can

handset
triangul2k5&89¥%h¢585§ﬂ6ﬂnand provide the information to a conmuni cation
base station. However, the incorporation of a GPS within a subscriber unit

i ncreases i ts TBtinvedtiad gefblafiFielaté’Rspread spectrum code division multiple
access (CDMA) commmﬁqaﬁon systems. More particularly, the present invention
relates to a system and method that determines the geographic location of a

subsciiber unit within a CDMA communication system.

Description of the Prior Art
Wireless systems capﬁble of ldcaﬁng a subscriber are presently known in the
art. One wireless technique uses the global positioning system (GPS). In GPS, the
77777 ' communication handset receives data transmitted continuously from the 24
NAVSTAR satelhtes Each satellite transmits data indicating the satellite’s 1dent1ty,
the location of the 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 tq each satellite. Using the determined distances between the satellites
and the handset along with the location of each satellite, the handset can triangulate
its locatioﬁ gnd provide the information to a comnmmnication base station. Howc-ver,

the incorporation of a GPS within a subscriber unit increases its cost.
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Anot her subscriber |ocation technique is disclosed in U S. Patent No.
5,732,354. A nobile tel ephone using tine division nultiple access (TDMVA) as
the air interface is located within a plurality of base2st@tandasz00dhe

nobi | 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 cg&gared gﬁg(;m‘?hreocessed The result yields the di stance

bet ween t he nobAnethes ralwamftebﬁﬁ t @t e nces
the location of the nobile tel ephone is ca}lle‘:ulﬁaltﬂe&gJ Sgé‘o%} QSS 9&t I on
systens u dul atj.on. , techni ques are |ncreaS| ng in
popul ari t?@ngﬁ%dﬁqgﬁglﬁgll%ww ge'g'%’&gé’% qrapriip e§9welﬁDMA)&sﬂ§e
transmtted using a w de bandw dth (spread spectrun) by nodul ating the

data withai iptastacs lﬁdﬁﬂﬁtﬂdmﬂpnm)pmmgge a0 ﬁ,’dvqﬁé%ﬁﬁ?@g?%l'e% s that

CDVA systens are nore resistant to signal distortion an

frequencigg 't han ni cati on systenms using the
e O e SR E EsbE SR roh iy hoee Staionban Hineidion

nore. conmmon tinme
mul tiple access FDIVA) techni ques. There exists a need for an accurate

mobi | e sUESAS 9 earh cespicotivs pasestatioal  Avgesio nggggﬁﬁgﬁ?éi&&val abl e in

an exi sting CDVA communi cation system-2 29 Septe
received signal strengths from the base stations are compared and processed The

result yields the dlstance betwecn 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 incrcasing ip popularity. In code division multiple access (CDMA)
systems, data is transmitted using é 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 _commqnication systems using the more
common time division multiple access (TDMA) or frequency division multiple

. access (FDMA) techniques,
There cxirsts aneed for an accurate mobile subscriber umt location system that

uses data already avaﬂgble in an existing CDMA communication system.




SUMVARY OF THE | NVENTI ON I n accordance with one aspect of the present

I nvention, there is provided a base station conprising neans for
transmtting a first spread spectrum signal having a fi2%&Sepespibes;20068ans for
receiving and anal yzing an i npul se response of multipath conponents of a
second spread spectrum signal having a second code to determne a first
recei ved conponent, the second signal tinme synchronized with the first
spread spectrum signal; and neans for meking a di stance determ nation

based on in part a, tiwmﬁfwﬁggwﬁfﬂmsecond code of the

recei ved second si gnal st Cco the base station's
transmttedfi i |..and the determ ned fi.rst .received co ent for
t hat base Stﬂaltécghr(ian?g%&ﬂggaesaggfa&aofg{hgrgp_seqtr}nggg gﬁ?:rg Wﬂrﬂggir%at%er
aspect ,of t resent .i nventian, there.,is provide a base ,station

conor 1 g SR COREMSNE Bt St Brh SR RS SEPIAEE by o
known di stance, neans for transmtting a first spread spectrum signal

havi ng 2afirstiGoge; msaas fae seeeiving andcanalyzigg ansimpulse eesponsalof typuldipatnt ennas,
and anal yzing an _inpul se response of nultipath conponents of a second

spr ead copaments ofi agesbnd spread gpectspu sighat bdeinga steped vpdetadétermineracei ved
conponent, the second signal tine synchronized with the first spread

- spect r dirssiegaided comzprnehgrtheraécongl signali thhangeckioheed with ithe fipssspidean i n
part a timng difference between the second code of the received second

si gnal spaetridignalsind agandfort Makiase didtaideatterninaienrbhéedon i phrt a5i gnal
and the determned first received conponent for that base station's- '
recei veghing difference between the second _code of the received second signal and the
first code of the base station’s transmitted first signal and fhe determined first
received component for that base station’s received second signal.
In acéordance with another aspect of the present invention, there is provided
a base station coxﬁprising: a plurality of antennas, each of the antennas separated by
a known distance; means for transmitting a first spread spectrum signal having a
first code; means for receiving, using the plu_rality of antennas, and analyzing an
impulse response of multipath components of a second spread spectrum signal
having a second code to determine a first received component,".ﬁthe second signal
time synchronized with the first spread spectrum signal; means for making a
distance determination based on in part a timing difference betweer the second code
of the received second signal and thé first code of the base station’s transmitted first
signal and the détermined first received component for that base station’s received

second signal,; means for comparing a phase difference of a carrier signal of the

second spread spectrum signal as received by each of the plurality of antennas; and .




second signal; neans for conparing a phase difference of a carrier signal
of the second spread spectrum signal as received by each of the plurality
of antennas; and -3 29 Septenber 2006 neans for deter neh$apgde 2806| e of
the received second signal using the distance determ nation and the phase
di fference. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is an illustration
of a sinplified, prior art CDVA system Figure 2 is an illustration of a
prior art CDVA system Figure 3 is a block diagram of major conponents

wi thin i DY) Y. i 4 I dj of; onents
i thi ol Rir &igmidfl oS ¥ERRTbS hOEided Seld Bt paRk 3 sBRG ooa

pi |l ot sj . Ak S] .4l lot signal being communicated between a
base sf%%%%%ngﬁgl%Q%ﬁﬁgggpggpﬁﬂﬁP?g -3a 29 Septenber 2006 Figure 6 is a
bl ock diagram of a first enbodi nent of the present invention using at

| east three base stations. Figure 7 is an illustration of |ocating a
subscri ber unit using the first enbodi nent of the present invention with
at |least three base stations.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an illustration of a simplified, pﬁor art COMA 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. |

Figure 4 is a block diagram of components within a prior art CDMA system.

Figure 5 is an illustration of a global pilot signal and an aésigned pilot signal

- being communicated between a base station and a subscriber unit.
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Figure 8 is a block diagram of a second enbodi nent of the present invention

showi ng conponents used in a subscriber unit. Figure 9 is an illustration
~of locating a. subscriber unit using the second enbodi nghfeptdmbetd®06r esent
invention with two base stations. Figure 10 is an illustration of |ocating
a subscriber unit using the second enbodi ment of the present invention
with nore than two base stations. Figure 11 is a detailed illustration of
the third enbodi mrent of the present invention having a base station with

mul tiple anten rei@Pidr i | | RO ' hird epbodi nent
havi ng a base st Et i oﬁmfk%ﬁu@?gﬂ eb%#?{é‘%lﬁéa%%&&g?fée PLESERLIYERIQN 5 g am
of .conponents used in the third enbodinent. Figure 14 is an illustration

of mul ti pasing atilgastdhoee base stagionph of a typical inpul se response of
mul ti path conponents. Figure 16 is a block diagram of conponents within a

beScr P11 on o e SR EARE IRt Rlio i R IRaIg 4 SoBreall Sl humidRe it 1 e

described with reference to the drawing figures where |ike nunerals
r epr esent embpdimentelthe present invsation with at least three base stations.

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 Jocating a. sﬁbscﬁber unit using the second
embodiment of the present invention with two base stations;
Figure 10 is an illustmﬁon of locating a subscriber unit using the second
embodiment of the present invention with more than two base st’ationé.
Figure 11 is a detailed illustration of the third embodiment.of the present
invention having a base station with multipie antennas.
Figure 12is 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 illustration of multipath.
Ffjgure' 15is a graph of a typical impulse response of multipath components.
F‘ighre 16 is a block diagram of components within a fourth embodiment

cotrecting for multipath,




Shown in Figure 1 is a sinplified CDVA communi cati on system A data signal
with a given bandwidth is mxed with a spreadi ng code generated by a pseudo
random chi p code sequence generator producing a digital 2y3cpehbey?664 r um
signal. _Upon reception, the data is reproduced after correlation with the
sanme pseudo random chip code sequence used to transmt the data. Every
other signal within the transm ssion bandw dth appears as noi se to the
signal being despread. For timng synchronization with a receiver,

unnodul ated pilo very transm tter. The pl|0t
si gnal all ows remmgﬁml’hmm ODIMENES

transmtter, allow ng despreading of a traffic S|gnal at the receiver. In

a typi cal CDVAFiy$pRiferrbd smbudihéns wilteicababad vAtl RifeRR) the'dadihg

'subscriber units within their communicating range to synchronize
transm ssions in rward direction %tlonally, in some CDVA systens,
for exanpl %e%‘m@{ﬂ\jigﬁ/l“ sTerrasont liks slements througheBhds a uni que
assigned pilot signal to synchronize transm ssions i n a reverse direction.

Filgure 2 11| usiSlbesimREEIG Lorawiimginti® CONEA e6ngfumibidof giseinl e
acC ase

system 30 corrpri ses a plurality of 'base statlons 361 362
station. -5 2 enbe 06, 361, 362 ... s in wreless
communi caf} W %“'ﬁp LEPF‘H widfh iymixedwith géprqgtﬁmgchp]gencrated by a pseudo

.mdom chip code sequence generator producing a digital spread spectrum signal.
Upon rcccptiqn, the data is reproduced after comrelation with the same pseudo
 random chip code sequence used to‘transmit the data. Every other signal within the
: uanamiﬁﬁou bandwidth appears as ﬁoise to the signal being despread.
For timing synchronization with a receiver, an unmodulated pilot signai is
required for every transmitter. The pilot signal allows respective receivers to
-~ synchronize with a given traﬁsmitter, allowing despreading of a traffic signal at the
receiver. | |
In a typical CDMA system, base stations send global pilot signals to all
- subscriber units within their communicéting range to synchronize traﬁsnﬂs"sions in
a forward direction. Additionally, in some CDMA systems, for example a B-
CDMA"'M system, .cach subscriber unit sends a unique assigned pilot signal to
synchronize transmissions in a reverse direction.
Figure2 iﬂus&atcé aCDMA cqinmunication system 30, The communication

| _.'system 30 comprises a plurality of base stations 36,, 36, ... 36,. Each base station
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402 ... 40,, which may be fixed or nobile. Each subscriber unit 401, 402

... 40n communi cates with either the cl osest base station 361 or the base
station 361 which provides the strongest comuni cati on 2% §eopadmbeEX0Oh base
station 361, 362 ... 36n is in conmunication with other conponents wthin
t he communi cati on system 30 as ~ shown in Figure 3. A local exchange 32 is
at the center of the conmmunications system 30 and conmunicates with a
plurality 30% network interface units (NIUs) 341, 342 ... 34n. Each NIU is
I n_conmmuni 3t B6,..v86 Jis dn wireleds doynAnib AT W 4 4 ' o). 381, 382
... 38, or base stations 361, 362 ... 360.. Eac%%@g%@ﬁs?&e& or
base stati 36, 262 ... 360 communicates with a plurality of subscriber
units 401,4“;02 ‘?& ‘Ys%,cﬁ Ry merqucﬁowﬂm; cHeelh gubsontber umitgdl,240, dedoct s a
bl ock diagram of the pertinent parts of an existing spread s'pectrumﬁDl\/A
conmuni catconmmesivhts with eitherdRRIGESbasR At i‘di’kh]é . 6.
generates a uni que global pilot signal usi ng&{agg‘l oba %élser gﬂgﬁe‘%?ﬁ: @i’&‘éh
generatin means 421 and spread, spectrum processi ng neans 441. The gl obal
pil ot chi gf‘?; rﬁﬁs ﬁ&eﬁ@%hg?mmaﬁen sigavabr Heels baseustatipns3Gy5 860 363a¢him chi p
code sequence. The wunique pseudo random chi p code sequence is used .to-

spread_t heomastlitatién swith diker SRRt witiil @8 dofurh i gﬁg&%ﬁébgﬁéget he

B-CDMATM air interface. The spread spectrum processin

éh%twﬁglﬂ&igcglgee&sequence up to a -6

gl obal pi
A local exchange 32 1s at the center of the cdmﬁuni_cations system 30 and
communicates with a plurality of network interface units (NIUs) 34,,34,...34,.
Each NIU is in communication with a plurality of radio carrier stations (RCS) 38,
38, ... 38, or base stations 36;, 36, ... 36,.. Bach (RCS) 38,, 38, ... 38_ or base station
36,, 36, ... 36, communicates with a plurality-of subscriber units 40;, 40, ... 40,
‘within jts 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 gexiérating
means 42, and spread spectrum processing means 44,. The global pilot chip code

. generating Imeans 421 generates a unique psevido random chip code sequence. The
unique pseudo rapdom chip code sequence is used to spread the resultant signals

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

‘ .spectnnn processing means modulates the global pilot chip code scqueh_cc'up toa
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29 Septenber 2006 desired center frequency. The global pilot signal is
transmtted to all subscriber units 40, by the base station's tra nsmtter
461. A receiver 481 at a subscriber unit 40, receives avaiiSeapleinBer20ghal s
froma plurality of base stations 361i 362 ... 36g. As shown in Figure 5,
the global pilot 501 travels fromthe base station 36, to the subscri ber
unit 40, and can be represented as: t,=a. ¢ Equation (1). The tinme the
signal travels fromthe base station 36, to the subscriber unit 401, tl,

equal s thdeﬁre‘d@mer W TB ri.ber,. unit, 401
d1, divided by the spéed of “"’”%ﬁ‘%&ﬁ#ﬁ%ﬂ%@&ﬁa?@ﬁ sURseEbar units)| ohal
within the subscriber unit 40, can

pil ot chi d cover qeans 54,
receive gagbﬁyﬁtﬁg ﬂﬁ%{‘ﬂﬁ 8%33@&ﬁ§éﬁees froma plurality of base stations

361, 362 ... 36g. The subscriber unit 40, generates a replica of a gl obal

i th the Tecet vor o aharoipt b dBEHORE LA Foct RS Blrifiele Semiofom 2

‘processor performthe many anal ysis functions of the subscriber

uni t  401. PI'FF?é“XngéWﬁ@Homﬁnﬁﬁg -G¥ne det shovanineEigure s tig glo a};p;ﬂft@() 521

usi ng assigned pilot chip code generating neans 56, and sprea spectrum

processi ﬁﬁménﬁ@ébasg’gﬁuﬂﬁggg&qﬂegw&hb%pb&t&aggn ene atlg o s 56

generat es a pseudo random c

vt,=g1.‘ S o
c ' Equation (1)
The time the Signal travels from the base station 36, to the s;ubscriber unit 40,, <,,
equals the gﬁstance between the base-station 36, aqd subscriber unit 40,, d,, divided
by the speed of light, ¢, |
Referring back to Figure 4, a global pilot chip code recovery means 54,
within the subscriber unit 40, can receive global pilot chip code sequences from a
plurality of base stations 36,, 36, ... 3G,. The subscriber unit 40, generates a réplica
of a global pilot chip code sequence and synchroﬁizes the generated replica’s timing
with the received global pilot 50,. The subscriber unit 40, also has a processor 82,
to perform the many analysis functions of the subscriber unit 40,.
The subscriber unit 40, generates an assigned pilot signal 52, using assigned
pilot chip cddc generating means 56, and spread spectrum processing means 58,.
The assigngd piIoi chip code generating means 56, generates a pseudo random chip

_ godc sequence withits timing synchronized with the recovered global _pildt chip code

AN



code sequence with its timng synchronized with the recovered gl obal pil ot
chip code -7 29 Septenber 2006 sequence. As a result, the assigned pilot
chip code sequence is delayed by T, with respect to the%Szpembtifdon 361,
362 ... 360. The spread spectrum processing neans 581 generates the
assigned pilot signal 521 by nodul ating the assigned pilot. chip code
sequerice up to a desired center frequency. The assigned pilot signal 521 is
transmtted to all base stations 361li 362 ... 36,, within range to receive

il ass“@M“’SS'A%EEE*‘?E‘“‘*‘%%eg“#ﬁﬁ?‘g‘?ﬁﬁ PRkt ss delieliocn it

pil ot si gnal

assi gned pilo 21 travel s the sane distanced, as the gl obal p| I ot si gnal
501 as & g»in&tason gaﬁdw@ﬂny',rhebpreade peotafin ppes 8 si gnal
“wi [l be del ayed by T, with 'respect to the m)bl le .unit 401%an 127

1D epR g el op iy BEPSREHLER, o Sl '%ﬁééﬁﬁeﬁﬁlbase

station 361 will be delayed by 2T, with respect to the Chl p code. sequence

of the SCgUEREs YR tota siegmd cnteryfmquaioyd Athet hssipase pﬂo@tél%al nig he
ari

round trip propagation delay, 2T,, can be determ ned by co

ti m ng inshiifted mﬁ c L the round tri propagat | on
del'ay, '2til, t\gg hll'gz'%gnce n&b:?@’\?\ggh t%@ﬂ Hﬁgbr@g&ttpd'ﬁcgm assigmertr i ber
unit 401 can be determ ned by:

pﬂot mgnal 52,.

The base station 36, receives the assigne;d 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 sthn in Figuare 5. Accerdi-ngly, the received
assigned pilot signal will be dclayéd by t; withrespect to the mobile.unit 40, and by
21; with respect to the global pilot 50, generated at the base station 36;.

Since the chip code sequence of the-assigned pilot 52, received at the base
 station 36, will be delayed by 2v; with respect to the chip cede sequence of the |
global pilot signal 50, generated at the base station 36;, the round trip propagation
delay, 21;, can be determined by comparing the timing of the two chip code
. ;equences. Using the roupd trip prdpagation delay, 21,, the distance d A between. the

base station 36, and subscriber unit 40, can be determined by:

d1=0°

'+

-NE_?

Equation (2)




- normal power | ével tenporarily over-riding any a

d,c-2t,. 2 Equation (2) -8 29 Septenber 2006 |If a spreadi ng sequence
having a chipping rate of at least 80ns is : used and the conmmunication
system has 'the ability to track 1/16' of a chip, the.di sib¥pembdr2d6h be
measured to within 2 neters. Figure 6 is a block diagramof a first

enbodi mrent of the present invention. No additional hardware is. required
I n the subscriber unit 401. The only changes are inplenmented by software
Wi thin the subscriber. unit's. processor 821. and the processors -

661, 662, ... 66,,68, 701, 702 . | ogat ed mnthln t he base statiagn.36, N U -
34, or. Ldd SPEeaRing seqence ﬂ:awgn%@mng ratepof at least SQnsiizwsed andethe

Di spatcher 76. The subscriber unit 40, is sent a. signal by a base station

361 indi C(ﬁ‘}ﬂlﬁﬂniéhﬁo st%ﬁithmhé Wt&hﬁé@lﬂ%ﬁm &%},{%ﬁgg&tﬁvﬁbﬁaﬁ%ﬁﬁ%i ber

| ocati on protocol. n receipt, e -subscri ber

sequentially synchrqnlzs Its transm ssion chip- code sequence to at | east
three ba ﬁnﬁﬁﬁe sequences. To aIIOM/reception by the base
stations 362, 363 ... 360 outside of the subscriber unit's nornal

communi cat | Ng Fgee.6 s ebRck aeanoT £fifst Unibodimeh0F i prdsdiitdligéntidian

aptlv power control

.al gorithnos. A processor 66, -within each base statiogn 361, 362 ... 36. is
coupl ed NP additional hardware is required in the subscriber unit 40,. The only changes are

. implemiented by software within the subscriber unit's . processor 821,'5nd 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 seni a.signal by a base station 36, indicating that a
9711 call was initiated and to begin the subscriber locatibn protocol. Upon receipf,

~ the -subscriber unit 40, will rsequentially s_ynchroniié its transmission chip. code
.séQixénc.:c. to at least three base stations’ chip code sequeﬁces. To allow reception by
the base stations 36, 36; .. 36, outside of the subscriber unit’s ﬁormal
communicating r&nge, these transmissions will be sent at a higher than normal power

level temporarily over-riding any adaptivc power control élgbrithms. ‘

A processor 66, within each i:ase st'aﬁc;n 36,, 36, ... 36, is coupled to the
a_ssigncd ﬁilot chip code recovery means 64, and the global piiot chip code generator
42,. The processor 66, compares the two chip code sequences to d;stcnnine the
found trip propagation delay T, T, ....-‘I.'n and the respective distance d,, d, ... d,

‘between the subscriber unit 40, and the respective base sta'tioﬁ'361, 36, ... 36,.
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assigned pilot chip code recovery neans 641 and the gl obal pilot chip code
generator 421. The processor 66, conpares the two chip code sequences to
.determne'the round trip propagation delay rl, T2 .., d20 Sepcbnibe2006
respective distance dl, d2 ... d. between the subscriber unit 40, and the
respective base station 361, 362 ... 36,. -9 29 Septenber 2006 Wthin
either a NIU 341 or the | ocal exchange 32, a processor 68 receives the

di stances dl, d2... dA fromthe processors 661, 662 ... 660 within all the
base stations 3Withige : a N3O, : es the distances dl, d3
... d" to deternine thgheli%cat i oﬁ?‘%@?ﬁ‘ﬁ%ﬂﬁ@%m“&%@mwm. By
usi ng the kjpown | opgi.tud nd | atitude fromthree base stations 361li 363,
363 and di <HSIAREES 41 9 o ,uE'OmﬂhénfmsorsﬁﬁgfﬂizheGﬁubﬁdﬁhhﬂrﬂlgryagegﬁﬁ s
determ ned. -As shown in Figure 7 by using the three distances dl, 8, d"

three circ3es IBL.. 382, The el | '318 i 803, are, constructed. Each
circle 781, ‘?82@ 783" s ce tere%r;‘?%{d%% 'ﬁg]d?% ée@t‘?lv??b'a e (QC4lergHng ghe
362i 363. _il'he J n;&&g’ection_ of the three circles 781, 782, 783 is at the

| ocati on ofocgaHen ¢ syulssriben nait 407 as fedlows.t he Cart esi an .coor di nates, the

| ongi tude and | atitude corresponding wth each base station 361, 362 ...
36, is represengogs , #}&F ' |l ongi tude and.Y. s the
| atitude: If X $ rg?ﬁtége%‘s‘avl%_ e @(d:é(?P %ﬁa‘i}ﬁg‘? from ?Egﬁfeﬂaﬁﬂil&é@se’ﬁz,

- 36, and distances iI,, d_,, d,‘, the locgtion of ﬁlefsub.scri\ber unit 40, is determined. As

shown in.Figul;e 7 by using the three distances d 1 &, ds, three circles 78,, 78,, 78,
'Wim radiae 80,, 80,, 80, are constructed. Each circle 78,, 78, 78, is centered around
a respect_iye base statigiﬁ 36,, 36,, 363. i‘hc intersection of &c three circles 78,, 78,,
* 78, is at the location of the subscriber unit 40,.
Using the Cartesian coordingtes, the longitude and latitude corresponding
~with each base station 36,, 36, ... 36, is represented as X,, ¥,, where X, is the
longitude and ¥, is the latitude. If X, ¥ represents the location of the subscﬁber unit

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

Xy X)? (Y- YY =d? Equation (3)
Xy X (T ) = d? Equation (4)
XX +(Y3-Y)=d? Equatiqn S)

In practice due to small errors in caleulating the distances dy d,, d,
‘Equations 3,4 and 5 cannotbesolved'using conventional algebra. To compensate

 forthe errors, a maximum likelihood estimation is used to determine the location and

-10-



401, using the distance fornmula the follow ng equations result: (Xi 132
4-(Yi-Y)2 = dl-' Equation (3) (X3 R 2 +(Y2-Y)2 = d2 Equation (4) (X3 X)2
+(Y3-Y)2 =d32 Equation (5) In practice due to small err @9Septembal200d at i ng
th e distance s d" 2 4 Equations 3, 4 and 5 cannot be sol ved using
conventional algebra. To conpensate for the errors, a maxi num|likelihood
estimation is used to determ ne the location and -10 29 Septenber 2006
are well known to those skilled in the art. For increased accuracy,

dd . w. \ H . o) . - i ( . . ’
addi t i onadrebeelbknowinatol those sRifled 38 the art, Pbr irfkcdéaseq d&ﬁﬁﬁ?ﬁ%@@?ﬁﬁ*ﬁ%ﬁe

additi onal distances for inclusion in the estimation a

subscr’i ber,_uni t, cation is, sent, through the communication system30 to
at | east %%O%E%@r hgi 73@1 cajybe used g .Calgnglt%md@#@nmg@ngemmmﬁoﬂm A

processor 701 within each precinct 741, 742... 74. and the anbul ance

di spat chehe égtimatien wealyshe | ocation of all 911 calls originating in the
system and di splays the location on a conventional conputer nonitor 721.

T2 Rt e i e i posnch < o
transmtting raw data through the comunication system 30 and processing
the raw maeast oneProginet 74,, 74,... 74, and an ambulance dispatcher 76. A processor
?01 within each precinct‘ 74{, 74,_... 74, and the ambula'nce dispatcher 76 receives the
l®aﬁon of all 911 calls origvinating_in the system and ;lisplayg the location on a |
conventional computer monitor 72;. The display comprises é ﬁstiné of all 911 calls
and addresses on a geographic map |
An alternate approach reduces the number of processors by ﬁansmitting raw
data throilgh the commmﬁcatignA ‘system 30 and processing the raw daté a£ a-singlc
:site. -

.- Figure 8 is a second embodiment of a location system. At least two base
stations 36,, 36, ... 36,, have their internal timing synchronized with each other and
transmit their respective global pilot sigl‘lals 524, 52, ... 52, with time synchronized - |

: chip code sequences. The subscriber unit 40, receives the global pilots 52, 52z
52, However, the received global pilots 52,, 52, ... 52, are not synchronized. The
global pilot '521 from a first base station 36, will travel distance 4, aﬁd is delayed by
T;. The gldbal pilot 522 from a second base station 36, travels distance d,-aﬁd is

' delayed by ©,. Th¢ subscriber unit 40, recovers each base station’s global _pilot.'chip

11




"site. Figure 8 s a second enbodi nent of a |ocation system At |east.two
base stations 361, 362 ... 36. have their internal timng synchronized
with each other and transmt their respective gl obal pil9%Repembaadd 521,
522 ... 52. with tine synchroni zed chip code sequences. The subscri ber
unit 401 receives the global pilots 521i 522 ... 520. However, the
received global pilots 521, 522 ... 52. are not synchronized. The gl obal
pilot 521 froma first base station 361 will travel distance dl and is

del ayed bycodgjse déiecOlv it dds A : r a_second base_ station 362 travels

di stance d2 andiie . del a?/iéﬁgi& ngbi?ﬁh@%ﬁ?‘?‘fﬁgw 1 4 prosesscs 83ch

base stati o '.sdgl obal pilot chip -11 29 Septenber 2006 code sequence W th

'ts gl obalViHdhe uPscribrrcanit d6y és goupled so bach oI SRR hip §8de oy e
cOo

subscriber unit 40, is coupled to each global pilot "chip ere

means 54, mdd . 5DApgaT fer32, CO es, the chip code sequences
of each pai rgg# ";ﬁ%é{%ﬁﬁPghgég‘g&g@%&&g%@&%%%@m%d@sseqmqesmﬁeach

differences, At,, Ate ... Ata between the sequences as follows. Wthin the
subscr i bePaiGef pilatahipoede saiquenves end esfoalacehe g Mfe??ﬁ&s%%% st a}ah"” 36"
362 ... 36. are stored. After synchronizing with. the Tirst as«,g gtatt on' s

pi | ot. 361petileg ' store where within the sequence
- n Phe BENRRber iy

synchroni zation was tal s. process is repeated for the other base
stations 362, g@3 i the gl?lgscn-ll;gg unit 40,, the éhip code sequences used b
L ’ vbseniber . de sequ ycachbase‘.
station 36, 36, ... 36, are stored. After synchronizing. with the first base station’s
pilot 364, the processor 82, will store where within the sequence smchdﬁmﬁon was
obtained. This process. is repeated for the other base stations 36,, 36, ... 36,.. The
~synchronization process can be done-sequenﬁall-y' (synchr;)nizing to tﬁe first base
-+ Station's chip code sequence tl_len the s¢_cond, etc.)orin parallel (synchronizing to all
.-base stations at the same time).
By using the relative tlmc difference between Ty, Ty, ... T, each base stéﬁOH's
_Chip code sequence and knowing that each base station's pilot was sent at the same
time, with two base stations the time differences are calculated as follows:
Aty =1, -1, Equation (6)
| | Al =11, . - Equation (7)
The time differences At;, At, ... At, are transmitted to at least one of the base

stations 36,.

a2



synchroni zati on process can be done sequentially (synchronizing to the

first base _. station's chip code sequence then the second, etc.) or in
_parallel (synchronizing to all -.base stations at the SHrfeptkibeP00dBy using
the relative tine difference between T,, t2, ... t,, each base station's

chip code sequence and know ng that each base station's pilot was sent at
the sane tine, vmthtvvo base stations the |ine differences are cal cul at ed
as follows: At, =T2 "Ti Equation (6) 'A42 = T3-T2 Equatlon (7) The time

di f f er ences At t nsmtted t 0 .at st oOne of the base
stations 361. A %S 808, n%gﬁ%oégl Kcoverssthe, rence date frem theover s
the tinme dlfference data fromthe received signals using tine dlfference

recovery masghedsignalybsingitine dlffdrenmeeom%'meam 842 TheNibdR d
data dl through the comunications syste 0 a processor e processor

68 det t b t 401. th t
i 11 or onch ot it ORRGRC 8y g The e Srmhiicasions subtomi a processars

follows. Using information fromonly two base stations 361, 362 as shovvn in

7o G the tne o erence ot s e oo A R ER, o0
fol I'ows. time difference data At;, At, ... At, and the distance data d,, d, ... d, as follows.
Usipg information fromonly two base stations 36,, 3.62 as shown in Figure .
. 9, the-processor uses distances d,, d, to create two circles 78,, 78,. Using the time
difference, Aty a hyperbola 86, can be constructed as follows,
All the pqints along the hyperﬁola 86, receive the global pilot signals 52,, 52,
 ~from the synchronized base stations 36,, 36, with the same time difference, Af,. The
«_time difference At, can be converted to a distance difference Ad, by substituting Az,
“for ¢, and Ad ford; in Equahon 1. Using the distance formula and X, Y as the

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

Ad, = X7+, -1 J(Xz_sz +(Y2-}’)2 Equation (8)

By using Equation 8 with Equations 3 and 4 in a maximum likelihood
estimation, ‘thc ldcation‘ of the subscriber unit 40, can be determined. The subscriber
umt’s location is subsequenﬂy sent to the nearest police precmct 74,,74, ... 74, and

| ambulancc dlspatchcr 76 in the ccllular area.
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Al'l the points along the hyperbola 86, receive the global pilot signals
521, 522 'fromthe synchroni zed base stations 36" 362 with the sanme tine .
~difference, At,. The tinme difference At, can be conver t28espemberd086 ance

di fference Ad, by substituting At, for t, and Ad, for d, in Equation I.
Usi ng the distance fornmula and X, Y as the I|ocation of t he subscriber unit
401, the followi ng equation results: Ad, (Xt-Jn2+(yl-y)2 (712-V+(YZl)z
Equatioon (8) By using Equation 8 with Equations 3 and 4 in a maxi num

| i kel i hood esq:oirqmgg edQ@cdrBEftﬁcfE]nB s t@i’é;ﬁ ﬁlt 4 nﬁ%ta&egge

determ ned. The subsScri ber
near est pglice lc'xl nct 741, 742 ... 74" and anbul ance dlspatcher 76 in

the cel | uFigute b4 shows glmtmmﬂecmﬁﬂaﬂfwbasmmmﬂs%? % adﬂiél onal
he 3

base stations 36,, 366 .. 36q are used Flgure 10 sho &ntion used
d2 d3 are used

with thr alfi ogs The .

. to creat g&ts%%ggs ? iy ¢ e{g 7%@'(13%38 cfggé @5?‘?16“?% ldﬁzf%aeﬁgm-cegsmg g 2,
two inter ?Ctl ng &/perbol as 86,, 862 are constructed. Wth maxi mum

- likeli hod§ fegences idion Athove infersecting hypetinlad 86,2 g@r@%ggﬁ.@étgg Wirkdg tvo

hyperbolas 861, 862, and three circles 78,, '782,7 783 yields gr eat er
|t 40, s required to

o1 oooes aaaputf g|?§af'ﬂ @%ﬁ@ﬁ.p ol sPURT Bt RsatieR cnlanaind withvo

di fferen es At
yperbolas 8 » 862, and three cncles 781, 78,, 78; yields greater accuracy.

As shown in Figure 8, the subscriber unit 40, is required to process each
+global pilot ch code sequence to determine the time differences At; At, .. At
*An alternate approach removes the pfocessing from the subséribcr unit 40,.

With rcfere_ncc to Figure 6, the mobile unit 401-willfs;5;nchronize the assigned
pilot to one of the base station’s global pilotchip code sequences, suchas the ncﬁ%t
base station 36, with a delay of 7;.. The assigned pilot 50; is transmitted o all base
‘stations 36,, 36, ... 3@. 'I‘he assigned pilot 50, will be received at each base sﬁﬁon
witha respective delay, T; + T, T, + Ty, T; + T,. Each basé station 36,, 36, ... 36, will

- send the delayed .chip code éequence 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 diffcrénces At;, At, ... At by éomparing the recei{red ‘assigned

“pilot chip code sequences Since all recexved assigned pilot chip code sequences are

delayed by T;, the 7, delay wﬂl cancel out of the resultant t[mc differences At,, At,



An al-.ternate approach renoves the processing fromthe subscriber unit 401.
Wth reference to Figure 6, the nobile unit 40, will-synchronize the
assigned pilot to one of the base station's gl obal pil 3 Shepbaaoes
sequences, such-as the nearest base station 36, with a delay of T,. The
assigned pilot 50i is transmtted to all base stations 36,,362...36.. The
assigned pilot 50, will be received at each base station: - with a respective
delay, Tl + Tr, T, + T2, T, + r3. Each base station 36,, 362 ... 36. wll

send t he - deAty eAlcctrdingtv,4Be SESHEHD! A i | cyl ated .distapce to a
processor 68 | ocated ig(rflﬁa Nl U 34, E@rnﬁkgﬁc]lai ’gegﬁéﬁg‘é@ﬁ%wﬁ%‘%&g 2 68
will calculate the ti differences At" Ate-... At, by conparing the

recei ved aSBreyiusly descsibedhi p code sequences. Since all received assigned
pil ot chip code sequences are delayed by T" the T, delay will cancel out

of the resul t agnotherentiddife mﬁ?@’f . e r 2006 . At 0.
Accordi ngly, the subscri ber EEI t Fc‘gﬁkésel?'%%gddfﬁ%%?ﬁ%sﬁé?ﬂﬂna%ﬁ:sal,
862 as p‘%ﬁéiégg ) y described. Anot her enbodi nent shown in Figures 11,12 and

13 uses a ¢ GRCHBRS St $8yrvu| 88,p| Bvaof dhoantéiftts 88288, lieGdeng Fwo of

the antennas 881, 882 lie along a centefline 92 at a known di stance, |,

apart as cghiteiné 925t di n o5 . recel he assi gned
pi l ot signal 901, 902 Fﬁ%ﬁt‘ﬁ%ﬁ%gcéﬁgg ﬁ%‘ﬁ?ﬁﬁﬁé&%ﬁrquﬁ@ﬂéﬁmna 882

further %\gay érom the subscriber unit 401 receives the
- 88,88, receive the assigned pilot signal 90,, 90, from the subscriber unit 40),.

However, the antenna 88, further away from the subscriber unit 40, receives the
signal over a slightly longer distance d,' and with a slight &elay with féSpect to the
_ ﬁearer antgnna 88,. 'Ihls delay results in 2 carrier phase différ;:nce, ¢, between 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
-assignec'i pilot chip code recovery means 961., 96, ... 96, can determine the location
of the subscriber unit 40, as follows. |
As sﬁown in Figure 12, the subscriber unit 40, is located at ciistance d; at
~angle « from the centerline 92 of the antennas 88,, 88,. As seen at the scale of
Figure“l-Z both received assigned pilot signals 90,, 90, appear to be coincident.
'However, as shown ip Figure 11, the received assigned pilot signals 901,. 90, are
slightly scpérated.. The received assigned pilot signal 90, returning to the first

antenna 88, travels a distance d;. The received assigned pilot signal 90, returning -



signal over a slightly longer distance dl' and with a slight delay with
respect to the nearer antenna 881l. This delay results in a carrier phase
difference, 4), between the signals received at each an?®&$wpambs 200©Wn on
Figure 13. A processor 66 using the "received carrier phase difference and
the chip code sequence recovered by. each -assigned pilot chip code
recovery neans 961, 962 ... 96, can determne the location of the

subscri ber unit 401 as follows. As shown in Figure 12, the subscriber unit

401 i s | ogathe de@dnd i bRne: ' ter li 2. Of the
ant ennas. oo gag S HREANCES trattls a By RnbeRrlante 15" F b i Tiggre

assi gnedeﬂlltﬁt si.gnal s. 901, 902 appear to be coincident. However, as shown
in Figur ,1,ed%f$erpe€%bmems@pgw9@m@sc&;@madmncmz are slightly

separated. The recei ved assigned pilot signal 901 returning to the fast

antenna 881 tr di ?. I i i b ot sigpal 902
Foturning - 1675 BAIALESFE ' belWel BE RS 3B, HE e iR
slightly I qQnger distanced,'. As-shown in Figure 11, the difference between
the tvio it Acae awuch darger ghan dhe digtanserh baween theantémazns®s 88, botlll

bet ween the antennas 881, 882 and the subscriber wunit 401 are nuch | arger .

t han t he rhe§tan a6 %tﬂlafs t QYA . cei ved assi gned
pil ot signals 98%1%%25%4%3% ap%‘r?’é%a ﬁaﬁ%&?lagwéﬁﬁﬁﬁ%&% %sy
constructi nqmarj ght triangle using a point 94 which is distanced, fromthe
subscr i b&pnstructing a right tf1ang1e using a point 94 whl_ch'is digstanqc d, fromthe subscriber

unit 40, as shown in Figure 11, the anglé ecan be determined by the following

geometric relationship:

o« = COS /). | _ - Equation (9)

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

*

.85 . between the two received signals 90,, 90, as follows: -

m= 1= | Equation (10)

The distance m equals the phase difference between the two signals, ¢, in radians

multiplied by the wavelength of the signal, 4, divided by 2w. The wavelength, A,

can be der'ived from ;he known frequency f of the assigned pilot signal as follows:
| A=cff.

Eguation (11)-
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unit 401 as shown in Figure 11, the angle - can be determ ned by the
followng geonetric relationship: = COS-' (nmfl). Equation (9) The

di stance-m can be deternined by using. the carrier phase9cplfebarzoes 4),
bet ween the two received signals 901,90i as follows: Equation (10) M= 22r
The di stance m equal s the phase difference between the two signals, $ in

radians multiplied by the wavel ength of the signal, A divided by 23t. The
wavel ength, A, can be derived fromthe known frequency f of the assigned

pil ot signal aﬁhbqirbomomsﬁls"déomgﬁxég heD, é - 162 t enber. 2006 The
processor 68 al so conpares the chip code ghel t%ﬁ%gg&‘g?&?ﬂg?&%%&@ et
generating neans 42, W the recovered assigned pilot chip code sequence
to det er%%gﬁ?% T&P%‘%Sa%gea‘{lﬁhsh%memd assigned ﬁﬁoUshipgcbde beditncang e "
and distance d" the processor 66, |ocates the subscriber unit 401 using

e e Bk R, Sl e

the art to elimnate the anbiguity

ant ennas t?SEH 882. On% siuch techni que is
: 1» tie processor 66, locates the subscriber unit 40, using simple geometry. There

are many techniques well known to those skilled in the art to eliminate the ambiguity
l?e.meen locations a?bvg axfd below the anténx}as 88,,.8827 One such technique is
using antenpas eminloﬁng sectorization. Subs;:quenﬂy, the subscriber uni‘t's locaﬁ;)n
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 ex;zhange 32 collects
 distance and angle information from more than one base station 364, 36, ... 36, as
well as the time differences At,, At, ... At,, between the base stations 36,, 362..'. 36,.
Using thg maximum ljkelihood estimation technique, the processor 68 determines |
a more accurate location of the subscriber unit 40,.
A fourth embodiment corrects for multipath. Figure 14 illustrates muitipath.
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,.
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usi ng antennas enpl oyi ng sectorization. Subsequently, the subscri ber unlt S
|l ocation is sent to the precincts 741, 742 ... 74, and anbul ance

di spatcher 76. Additional antennas may be used to i npro¥®eSerenibie20agécur acy
of the system An alternate enbodi nent uses nore than one base station 361
362 ... 36g. A processor 68 |located within either a NN 34, or the |ocal
exchange 32 collects distance and angle information fromnore than one
base station 361i 362 ... 36. as well as the tinme differences At,, Ot

Ate, between thpj 13ty % mum

| i kel i hood estimation technfq the roc@%eﬁ%érﬁﬁé{? TRepved
accurate location of the subscvrl ber unit 401. A fourth enbodi ment corrects
for multi FAPRIP2E) GORPODENLs| |Ninee eackisreneived maultipathicammirint aueblsasumigakobal

pilot signal is transmtted froma base station 361. The signal follows a
mul titude ﬂl ﬁﬂéﬁﬁe@&@ar&ﬁﬁzer M :
subscri be;ﬂunlt 401 -17 29 s%?gﬁgr%%%‘?d{?ﬂg‘gw 8{%]9 heng

the inpul se of the_ received nultipath conponents. Since each
recei ved Rath S?g’t npgﬁenflhermubea‘eamme 66thWSItheaw11m63hgil

receiver with a pr opagat I on delay determ ned .by the Iength of t he pat h

i e A TR OSSR B

del ay. The prcwously descnbcd subscriber umt Ioca&on tcchmques assumed the
subscrxber unit 401 synchronizes with the line of sight multlpath component 98,
traveling distance d;,. However, if the subscriber unit synchronizes with a non-line
of sight molﬁpath component 98,, 98'2 ... 98,, the distance calculation will be in orror
due to the delay MD, as shown in Figure 15,

Figure 16 is a system correcting for errors _res_olting ﬁom multipath. The
global Qilot 50, is sent from the base station 36, to subscriber unit 401.' The
subscriber unit 40, collects all of the multipath oomponents usiog a muitipaﬂl
receiver 102, such as disclosed in U.S. Patent Application No. 08/669,769, Lomp
etal, inco:poratcd here by reference. A processor 82, within the subscriber unit 40, |
analyzes the impulse response 100 of the received global pilot signal 50,.

Since the hne 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

S1ght component is not rece:vcd the ﬁrst received component 98; will be the closest

'ond, ac,cordingly,’the best available estimate for the line of sight component. The

-18-



The -previously described subscriber unit |ocation techni ques assuned the
subscriber unit 401 synchronizes with the I'ine of sight nultipath conponent
981 traveling distance dl1. However, if the subscri-ber uiSepmpbalm0i zes
with a non-line of sight nultipath conponent 98,,98,,... 98 the distance
calculation will be in error due to the delay MDR as shown in Figure 15.
Figure 16 is a systemcorrecting for errors resulting fromnmnultipath. The
gl obal pilot 501 is sent fromthe base station 361 to-subscriber unit 401.
The subscrjber.upit-401 coll ect.s al,l of the .multipath cofponents using a
mul ti pat h PIPERSPL &2 Gopgares the Ui 60de seauuc i dhefifpecsiy BELYS1 No.
08/ 669, 769, Lonp et al., incorporated here by reference. A processor 821
wi thin thavishitherdhiiglcodel dogiéice amed ¥6 Synthonizt e asdignapiier tifh ebakhe
recei ved gl obal pilot signal 501. Since the line of sight l'tipath
conmponent 981 trave]ls the shortesi distapce, .dl, the first receive
conponent S88dence” b peHBPRS Setertinsomerdelay iduerio muldpah, 3Dy, The
conponent is not received, the first received .conponent 981 will be the .

cl osest. naidpathaiedayli yis teAigntiasd e baeseatksii 36pt e for the line of
si ght conponent. The -1é 29 Septenber 2006 processor 821 conpares the

chip code sequence of the first received conp nt ;981 _wi.th the, chj code"
sequence used &Pwmroﬁﬁlzénaﬂguﬁ?éﬂbﬁwlﬁrl g&?lcm‘%’%&!% b%%&m@@e{’gﬂ' his .
conparison .determ nes the delay due to nultipath, MJ. The

- perform the same analysis on the received assigned pilot signal. As a result, the

-

-multipath delay, MD, of the assigned pilot signal is determined. Additionally,

multipath delay recc;very means 106, recovers the trans;nﬁtted g_lobaI pilot signal’s

multipath delay MD, for use by the processor 66,. The processor 66, compares the

‘ generated global pilot chip code sequence to the recovered assigned pilot chip code

éequencé to determine the round trip propagation. delay 2t,, To correct for

’iinﬁtipath, the processor 66, subtracts both the global piloF signai’s multipath delay

MD, and the assigned pilot signals multipath delay MD, from the calculated round

' trip propagation delay, 2t,. The corrected round trip propagation delay is used to

~determine the sﬁbscriber unit’s location in one of the teéhniqucs as pfeﬁously
described,

Although the invcntionw__has been described in part by making detailed

" reference .fo certain specific eﬁlbodiments, such detail is intended to be instructive

rather than restrictive. It will be app;éciatcd by those skilled in the art that many
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niultipath delay, MD, is transmtted to the base station 361. A processor
661 and mnultipath receiver 1041 within the base station 361 performthe
~sanme analysis, on the received assigned pilot signal. As2®Sdpesibbti2006 he

mul ti path delay, MD2, of the assigned pilot signal is determ ned. ’
Additionally, nultipath delay recovery neans 1061 recovers the transmtted
gl obal pilot signal's nultipath delay MDI for use by the processor 661

The priocessor 661 conmpares the generated global pilot chip code sequence

to, the r ecomsatishsmay deadade L the Rk RSl W Seb Gt

trip propagation delay 2i,. To correct for

subtracts ilot sig s multipath delay M, and the

assi gned pﬁ?’h{]ﬂ]&% Pﬁ]ﬁﬁ QF?P%BWIQMIE thenteachings herdint ed round trip
propagation del ay, 2TlI. The corrected round trip propagation delay is used
to determne the subscriber unit%s |ocaion i one of the techniques as
previously. described. Although the invention has been described in part by
maki ng detailed reference to certain specific enbodiments, such detail is -
intended to-be instructive rather than restrictive. It will be appreciated
by those skilled in the art that many -19 29 Septenber 2006 variations

may be nmade in .the structure and node of operation w thout departing .from
t he 'scope . of the invention as disclosed in the teachlngs her ei n.
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* -20 29 Septenmber 2006 CLAIMS: |. A base station conprising: neans for
transmtting a first spread spectrum signal having a first code; neans for
recei ving and anal yzing an inpul se response of nulti pat lposprabentss of a
second spread spectrum signal having a second code to determne a first
received conponent, the second signal tinme synchronized with the first
spread spectrum signal; and neans for naking a di stance determ nation
based' oarhpmMpart a timng difference between the second code of the
recei ved second signal and the fast code of the base station's transmtted
first signal and the determ ned first received conponent for that base
station's received second signal 2. The base station of claim| wherein
the first sprkhad shéesy st @ngirigngza pil ot signal 3. The base station of
claiml wherein the distance determnation is determned by dividing the

timng differ Etir{%f ?I'%E&I ﬁmj‘ﬂjgg qat ation of
claiml V\herellﬁﬁ&gég P'Japl ng e of-tin TS %%rea‘gﬂgpectrum signal is at
| east 80 us andt timn dlfi‘ngience S tEacked WItP CISIOI’] of at

| east 1/i 6' Heﬁm yzing an impulse response o m.ul componentso

a second spread spectrum signal having a second code to- determine a first received

coinponcnt, the second sipnal time synchronized with the first spread spectowan signal; and

.- means for makmg a dJstancc determination based on in part & umjng differenice
between the second code of the received second éignal and the first code of the base staﬁoﬁ‘s
transmitted first signal and thé determined first received component for that base station's

received second signal.

2, The base station of claim 1 Whemm the first spread spectrum signal is a pilot

signal

3. The- base station of claim 1 wherein the distance determination is determined

- by dividing the timing difference by two ﬁmes a speed of light.
4. - Thebasestation of claim 1 wherein a chipping rate of the first spread spectrum

signal is at least 80 us and the timing difference is tracked with a precision of at least 1/16*

of achip.
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21 29 Septenber 2006 5. A base station conprising: a plurality of

ant ennas, each of the antennas separated by a known di stance; neans for
transmtting a first spread spectrum signal having a fir2iSopedder00ans for
receiving, using the plurality of antennas, and anal yzing an inpul se
response of nultipath conponents of a second spread spectrum signal having
a second code to determne a first received conponent, the second signal
time synchronized with the first spread spectrum signal; nmeans for nalting

a di stance det gr m natysecthaSEe: -part a tinning difference between the
second code of the received sec "gnal and the first code of the base
first, received

station's transmtted_first si ndthe determ
conponent for % Of aglenpas, Of S d‘rlﬁ!c’mn@ O or

conparing a phase difference of a carrier si gnal of the second spread
spect rum si gnateals foetrenseitinga et fpredd speetrpinsigral hyviog a finstendes; and neans

for determ ning an angl e of the recei ved second Si gnal usi ng the distance
det er mi nati on raeshst fo@ RESISRy I‘tﬁél ﬁ:ra]ﬁPr dnﬁﬁrzﬁ% & !
wherein the first spread spect rum si gnal p| I ot~ signal Bhise

‘ - response of multipath components of a second spread specirum signal having a second code

to determine a first received component, the second sigral time synchronized with the first
T : * spread spectrum signal;
means for makmg a distance detenmination. based on in part a timing dlfference
~ between the second code ofthe recerved second signal and the ﬁrst code of the base station's
tﬁnsmlttedﬁrst signal and the determined first received component for that base station's
rectived second signal; |
means for coﬁlpaﬁng a phésc difference of a carder signal of the second spread
spectrum signal as received by each of the plurality of antennas; and
meaus for determining an angle of the received sccond signal using the distance

determination and e phase difference.

61 The base station of claim 1 wherein the first spread spectrum signal is a pilot

signal.
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29 Septenber 2006 7: The base station of claiml| wherein tw of the
antennas are separated by a distance 1, the carrier phase difference is
gi, a wave length of the carrier is X and a value ni is2p8mpténibar 2006 and

the determned angle x is per a= cos-, (rn/l). 23 .~

7. The base station of claim I wherein two of the antennas are separated by a

distance: 1, the carxier phase difference is ¢, a wave length of the carrier is & and a valuein

is per
m= ¢ 4
2z
and the determined angle x is per

a= cos™ (m/1).
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