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2120 L Street, N.W., Suite 520
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January II, 200 I RECEIVED
Magalie Roman Salas, Secretary
Federal Communications Commission
445 Twelfth Street, S.W.
Washington, D.C. 20554

JAN 11 2001

JlllBM.1J'1jIIMrIJM "'7111 I_ .
Attn: Wendy Austrie, Policy Division, Wireless Telecommunications Bureau

Re: Poka LambrolPVT Wireless Limited Partnership
Carrier Reports on Implementation of Wireless E911 Phase II
Automatic Location Identification - CC Docket No. 94-102

Dear Ms. Salas:

Pursuant to Section 20.18(i) of the Commission's Rules and in response to the Federal
Communications Commission's letter dated December 27,2000, Poka Lambro PVT Wireless
Limited Partnership ("Poka Lambro PVT") hereby submits this carrier report on implementation
of Wireless E911 Phase II Automatic Location Identification ("ALI") (CC Docket No. 94-102)1

Poka Lambro PVT has not begun offering wireless service.2 To date, Poka Lambro PVT
has not received a Phase II request from a PSAP that is capable of receiving and utilizing the data
elements and has a mechanism in place for recovering the PSAP's costs. Accordingly, this report
does not reference any schedules for installation of the hardware and/or software needed to
implement E911 Phase II ALI and does not contain a TRS number.

1A Declaration by an authorized company representative attesting to the accuracy of this
report is attached. This report is submitted with the caveat that these plans do not constitute a
final or irrevocable commitment to the ALI technology the company will employ. Updates will
be provided as appropriate. See In the Matter ofRevision ofthe Commission's Rules to Ensure
Compatibility with Enhanced 911 Emergency Calling Systems: Third Report and Order, 14 FCC
Rcd 17388, 17428 (1999).
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2 The Commission has granted applications to assign one of its two licenses, KNLF767,
from Poka Lambro PVT to Southwest Wireless, L.L.c. See Memorandum Opinion and Order,
DA 00-2443, para. 80, reI. Nov. 3,2000.
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At this time, Poka Lambro PVT plans to utilize a handset-based technology but has not
determined which particular vendor to use. As it investigates and negotiates with various
vendors, including Tendler Cellular and SnapTrack (see attached), it will consider whether the
products offered are compatible with the proposed facilities and whether they are available with
the features required by the target subscriber base.

The contact person for Poka Lambro PVT is:

Dave Hageman
P.O. Box 1340
Tahoka, Texas 79373-1340
Phone: 806-924-7234
Fax: 806-924-5030
E-mail: dhageman@poka.com

Please contact us with any questions.

Kraskin, Lesse & Cosson, LLP
2120 L Street, N.W.
Suite 520
Washington, D.C. 20037
(202) 296-8890

Attachments



DECLARATION

RECEIVED

JAN 11 .2001

PII8AL Q""""'" 1117111 JllfiIIl!••_Z_
I, David McEndree, CEO ofPoka Lambro Telecommunications, Inc., General Partner of

Poka Lambro/PVT Wireless Limited Partnership ("Poka Lambro PVT'), do hereby declare under
penalties ofperjury that I have read the foregoing response to the FCC's request regarding
"Carrier Reports on Implementation ofWireless E911 Phase II Automatic Location
Ideotiflcation" and the information contained therein that pertains to Poka Lambro PVT is true
and accurate to the best ofmy knowledge, information and belief.

Date: JamJaq 10. 2001 _2Wd tntertrltp:
David McEndree, CEO

---_..__ .._._---------------------
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E-911 CO, IP L L-\:"CE

.-\5 the deJdlir.~ t'vr responding to the £-911 deadline approaches. and as the
Chairman or" Tendler Cellular. \\e would like [Q inform your company about the a\ailabilitv
or' FoncFinder<. the first autonomous GPS handset approach to location. FoneFinde;.
equipped phones are the complete answer for both Phase r and Phase II of the E-911 Report
and Order (see \\"\\\.\.tondindc'f.com) and doso \\,ithollt any additional infraslructure.

Tendler Cellular has de\'eloped the tirst GPS in a handset. \\ith the Audio\'ox CO\1­
9!:'00 For:eFi:-:':~r ph0nes meeting the £-9 i I mandate with incredible 3-mcter accuracy.

The k~:. ro Fone:-Finder is that it transmits GPS location \ia synthesized voice and
DT\fF toneS ('\'er the:- \ oice ch..1llneI direct to a PS.-\P or dispatch oftice using your existing
network. Th:s also nl-c3.i1S ~hJ.r \\irli the r~\"-.\isioi1 of a F0neFindc~ h::mJset tlic 5\stem is
instantly deployable.

it te:-n~~5 of the rural can'iers and compliance with the E-911 Report and Order. no
longer does the rural can'ier ha\'e [Q depend on triangulation systems where there may not be
appropriate [0 \\ers to get a triangulation fIX. :\or do to\\ers have [Q be retro ti ned Vii tli
anything. ~or does the carrier ha\'c~ to pro\ide a back haul to the PSA.P.

\\'ieh FoneFinder-equipped phones the existing infrastructure is used. and for
automatic location. terminals at the PSAP need only be pro\ided \\ ith a Delorme map. a
DTMF decoder and a 530 Tendier Cellular software interface (eg. S~.30/termillal).

What this does is give your EMTs. Police and Firemen almost free location. Better
yet. it is J\'ailable now.

.-\dditil"'lnally. FoneFind~r-eqllipped phones offer complete telematics in a handset.
and ha\c bt:'ei~ likened to CJdillac OnStar \\ithouc h::J.\'ing to buy the car. This is because all
F\)neFinder phones come equipped with a prl1 tected 911 button and a roadside
assistan.:c I:on..:ierge butWI1. The l) II 1.:;l!lS go dircl:t tv [he PS.-\P. with [he rOJdside



assist;lnce concia~~ calls gOIng to a third party dispatch operation such as the Cross
Cotlntr;. Group_ ,-\.-\,-\. ,-\ T:\:. l,sOOTOWTRl'CK and others,

It is .1 t~;l;~r~ of th~ Fc,n~finder phon~s thilt location-based sen ices such as roadside
aS5i stance and Cl.'ne iU!2~ 5enic~s pro\ ide fe\ enue streams which more than offset the cost
of the FoneFindcr phones. .-\150. because of the unique capabilities of FoneFinder. carriers
car ~'pc?cr r:1'.)!"~ 3.ctiv.:Hions a::d ::!i:::imc,

rt should be noted tn ..lt \\'hile FoneFinder is a\'ailab!c in CO.\L-\,'analog phones.
TO.\H, 'analog phones are in design.

As the carriers undoubtedly know. the rural carrier can meet the FCC mandate by
declaring the intention to go "... ith the handset approach and by providing 50~'o of new
phones \vith GPS location technology. For rural carriers this is not a lot ofph(.ncs.

We believe that FoneFinder offers the simplest and most cost effective "vay of
meeting the mandate and does so with fulIy integrated GPS phones available now.

Robert K. Tendler.
Chairman
Tendler Cellular. Inc.

65 Atlantic A venue. Boston. .\1.-\ O~ 110
Tdephone 617-720-1339. Fax 617-723-7186

---,~_•.._.•_-------------------
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An Introduction to SnapTrack™
Server-Aided GPS Technology
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GPS-rclated,y<;[ems sincc 19M9. and has been a primary
devdoper of rhe SnapTrackT~ LocalionScrvcr lechnology
since join ing Ihe com pany in 1996.

Norman Krasner received his B.S. in Electrical
Engineering from M.IT in 1968 and M.S. and PhD from
Slanford University in 1970 and 19H. He has worked in
thc fields of signal processing and communicalion
systems design for over 30 years, including design of
many spread spectrum communication systems. He was a
co-founder of SnapTrack™ in 1995 and is currently V.P.
of Technology.

ABSTRACT
The distributed SnapTrack™ server-aided GPS system
architecture and DSP software-based receiver solulion
draw from the besl of GPS and wireless communications
lechnology, The DSP·based receivcr is superior 10

conventional correlalor-based approaches in lerms of cos!.
sensitivity. time-lo-firSl-fiJt and power consumption. A
slllarr server pro\lde, key aiding information anJ
performs navigalion solutions. minimizing incremenlal
handset cOsts and providing fur improved acquisilion
liml's. ,ellsiliv ily. and accuracy. Th is paper will descrihe
the advanlages of Ihcse innovations and dCl1lllnslmte Ihe
lechnology wilh a prescnlillion of field lcsl results.

INTRODUCTION
SnapTrackT\I h~s developed a distrihuted server-aided
DSP-based processing approach to Ihe problem of
locating wireless communication devices. The key
advanlages to this approach. when compared 10

con vClllion.1I GPS. arc:

I. H(~1t sellsiti,·ity. The SnapTrack™ system can acquire
and provide fi.xes in conditions with as much as 25dB (a
faClor of 3(0) signal attenuation or blockage. Traditional
GPS technology can have difficulty acquiring signals
whcn the attenuation eJtceeds 5-10 dB. This signal
sensitivity improvement allows SnapTraek™-enhaneed
GPS to operale in difficult environments. such as most
buildings. inside automobiles, under dense foliage. and in
urban canyons. where traditional GPS is unreliable or
unusable.

2. Low Tillll!- To· First-Fix. Traditional GPS reeei vers
require from 30 seconds to several minutes 10 acquire and
trad satelliles, depending upon how much informalion
thcy have previously gathered. In worst case
cnvironmcnts. thc SnapTrack™ system provides a first fix

in just :J kw srco/ld.~. In open-sky silU:Jlio/ls. Ih~ first fix
c;ln be performed in less than a second.

.1. L.o~r !,1Il1'/!/' di.nip£ltioll. SnapTrad rM Icchnology
performs Locatioll 011 D"lIll/lld. using a snapshot of data
(typically n.t 10 I second, depending on sensilivily
rC\juircd). and then lurns off. The entire localion operalion



takcs only a few scconds for a "cold start" in a hcavily
hlocked signal environment. and is significilntly fasler if
prinr inforl11arillll l\lll'h as IOl'al oscilJ:ltnr offset) is knllwn
or sign:i1 qrcnglh is high (> I 35dBm). Thus. in those
applic.tiolh which tlo nol requirc continuous high·ralC
p"sitioning. (he Illw dUly Cydl' Sn:tpTrilckr'l-cnhanectl
(iPS rcccih'r U,sslp,lIes a sill ,il I IractlOli of till: powcr III

thc com muIllcation \Jc~ h:C f c.g .. a porrablc handse[J witll
whi.:h it is matcd.
CONVENTIONAL (;PS

A erps L1s~r po~itioning syqem can ~e broken into four
primary functions:

II) determ ining the code phases (pseudoranges) to the
various GPS satellites.

( :! )determ ining the time-of-applica~ility for the
pscudorangcs,

(3) dcmodu lating the satellite navigation mes.sage, and
(4) computing the position of the receiving antenna using

thcse pscudoranges. timing. and navigation message
data.

MoS! commcrclal GPS receivers perform all 01 these
operalion, ·.\jr!1out .Ill: oll.'rnal assistance. In thcs.:
conventional receivers, the satellite navigation message.

and its inherent synchronization bits, are extracted from
the GPS signal after it has been acquired and trackcd. But
.:ollccting this information normally takes thirty seconds
to several minutes. Also. a high received signal level

(appro'limately -135dBm or greater) is required from all
satellites 10 be used in the navigation solution for the III
second duration of subframes 1-3.

DISTRI8UTIW SYSTEM CONCEPT
Th~ SnapTrack™ server-aided system architecture
distributes the four primary functions described above
between a GPS reference receiver, a location server, and a
wirelesli GPS-enabled device (later referred to as a

handset.) The basic system model is described in Figure
I.

A G PS reference receiver gathers navigation message and

differcntial correction data for all satellites in view. In

another sy\lem configuration. the GPS reference receiver
may be replaced by a network of reference receivers to
rrovidc coverage for a wide arca. 'llch as the continental
l' .S.

The locatioll server receives and stores data from the GPS
rcll.'rCIICl' 1l.'-:eIVO illr nc II,\, ulk). pruvllks aiding data to
mobile units. and perform~ navigation solutions upon
receipt of pseudorange measurements from the handset.

The aiding data. 'Cnl to each hand,et on-demand. is
generally a Ii\l of sarellites in view from the handset and
th.:ir rclativ.: Doppler offsl'''. (Estimated Doppkr can be
improved by using the location of the base station
communicating with the hand-held device as an
appro~imate handset location.) This small mess:Jge
(approximately 50 bytes) is all the handset needs to know
from the location server to extract pseudorange
information from its short snapshot of GPS data.

The ,en er al.so ha, ac.:css tv a terrain elevation databa,e.
This allows it to perform accurate altitude aiding for
ground-basco applrcallons, a capabJiHy that IS impracllcal
if th.: I1d\i';:d,ioi1 ,olutivii i., p..:rf')';;h:J .I, .he mobile. The
terrain elevation provides essentially an extra range
measurement. improving reliability and accuracy.

The server is able to mitigate multipath and reflectd
signal effects using a sequential measurement
optimilation (SMO) technique. The server also handles
cross-correlations from strong signals onto the PRN codes
of weaker satellites, as well as correcting for atmospheric

delays.

In general. the location server is remote from the final
application. such as service centers providing display and
operator services.

The wireless GPS-enablcd device can track far weaker
GPS signals tholl1 a conventional GPS receiver. because it
docs not need to decod~ the navigation message. But
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Figure I Basic system model
rapidly and accurately finding the~c wcakcr ~ignal~

rcquire~ a powerful signal processing element to search
over the large number of PRN codes, timc~-of-arrival, and
off,CI frcqucncics (due \0 Doppler error~ and hH:JI
ll'cillatnr frequcncy err,'r,l. The DSP'~J,ed pron'" for
dctcrmining p,cuuorange, i, described "Her in thi, paper.

CONVENTIO'l.\l GPS rORRElATIO"'i
TECHNIQUES
Conventinnal GPS receivers use correlation methods to
COI11 pu te pseudorangc. A classie hard ware corrclator­
based receiver multiplies the received ~ignal by a stored
(or generated) replica of the appropriate PRN code and
then integrates, or low pass filters, the product to ohtain a
peak correlation signal. The initial determination of the
presence of a correlation peak is termed "acquisition."

Once a signal is acquired, the process enters the tracking
mode in which the PRN code is removed. or "despread."
This signal has a narrow bandwidth. commensurate with
the 50 bit per second navigation message modulaled onto
the GPS waveform, At this point. Ihe navigation message
may be reliably demodulated if received signal slrenglh is
above lIpproximalely -135dBm for the duration of the
message being received.

The conventional acquisition process is very time
cnnsuming. especially if received signals are weak. To
improve acqui'ition lime. mosl GPS receivers utili7.e a
multiplicily of correlalors (nominally -36 for a 12­
channel receiver), which allows a parallel search for
correlation peaks as a funclion of limc·of-arrival. PN
code. and frequency offsel. Recently. ma~sively parallel
correlalor, (on the order of NO) have been used to
improve acquisilion speed and sensitivity. In eX~'ess elf

!!OOO correlalors would be required to match Ihe speed
and sensitivily of Ihe SnapTrack™ server-aided GPS fast
convolution processing lechnique. And Ihe processing
speed or this technique will improve as DSP technology
aU\·;Ilh.·~'.

HA~iDSET ARCHITECTURE
Fi~ur'? ~ i~ a "h:lndset view" of the SnapTrack™ server­
aided GPS system. Note that the conventional tracking
loops are replaced by snapshot memory and fast
convolution processing.

AI Ihe request of either an external application. or the
handset user. the server sends information on satellites in
view at lhe handsel's approximale location. including
Doppler predictions. After a snapshol of GPS satellite RF
data has been stored in Ihe handset memory. the DSP
processes Ihe data and returns pseudorange measuremenls
to the server. along with other stalistical information.
This snapshol lIpproach allows the handset 10 gather GPS
data when it is nOllransmilting. Ihus eliminating pOlential
seIf-inlerference.
Each of the messages between the handsel and Ihe
localion server is small (50-100 byles). This represents a
significanl reduction in required com municalions
bandwidth when compared to delivering differential
correclions. alman,II:, ephemeris and/or satellite trajectory
dala to the handsel.



Figure 2 Blod diagr;lm 01 DSP-h<lscd GPS processing
sy\lcm

FFT-hascd fast convolution techniques provide higher
sensitivity and faster acquisirion speed by performing a
lar~e numhcr of FFT operations togcther with special pre­
<lnJ pust-processing operations [I J. It is expected. in <I

W\)"'[-C<I'': CX;lIllpk. ill .. , p\I.'udorange in the OS? ... ill
!'!:tit~!f'I: :q'rr:.....:i:nJ~~~~, ~'\C'cond,. \\'ith much fa "ttCJ"

pt',f(lrlll.Lnce In situ<ltil'n, with highcr I> -I.l5dHml sign.1I
strcngth or DSP speed.

ph<lsing of this sequence could then be compared to a
local reference sequence to determine the relative tim ing
hctween the twn. thus establishing the pseudorange.
Doppler and loc<ll llscillator uncertainty complicate this
pruce". The Sl'T\'er rcduces these uncertainties by
providing Doppler estimates.
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Tltl' ahlHl' process is carried out \eparatcly for each

s.ltd/iIL' in liew f{(J1II Ihc samc sCI of data in th~ ~nap~hor

memory. since, in general. lhe GPS signals from different
satellites have different Doppler frequencies and the PR N
pallerns differ from one another.

The presence of 50-baud data superimposed on the GPS
signal limils Ihe coherent summation of CIA code epochs

Each received GPS signal (CIA code) is constructed from
a high rate (/ MHz) repetitive pseudorandom noise (PRN)
pattern of 1023 symbols, commonly called "chips."
These "chips~ resemble the waveform shown in Figure
3A. Further imposed on this pattern is low rate data,
Iransmitted from the satellite at 50 baud. All of lhis data
is r('(civrd at :, verv IllW signal-to-noise ratio as measllrrd. .

ill a 2 MH 1. handw idlh. If Ihc carria fre411cncy and all
data rales were knnwn III greal precision. and no d<lta
were present. then the signal-lo-noise ralio could be
greatly improved by summing successive frames. For
example, there are 1000 CIA code epochs over a period of
I second. The first such epoch could be eoherenlly added
to Ihe nexL the result added 10 rhe third. etc. The resuh
would be a signal having duralion of 1023 chips. The

In the svstem described in Figure 2. received dala is
down-co~vertcd to a suitably low (-2M Hl) intermediale
frequency. digitized and stored in a buffer memory. This
data is then operated upon using a programmable DSP IC.
Unlike continuously tracking hardware eorrelator-based
receivers. this "snapshot" processing technique is not
subject 10 the fluctuating signal levels and changing
nature of the signal environment.
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I\) a period of 20 msec. That is. at most 20 one­
millisecond-long epochs may be coherently added before
lLIla sign inversinns prevent further coherent ,ummation
\ un 11:" th is dat,l is prov ided by the server). Add ilional
proce,sing gain may be achieved through summatinn of

the magniludes (or squares of magnitudes) of the
c'lherently summed intervab. providing till: .sensitivity
alll! accuracy shown in the curves of Figures 4 and 5.

0\ " a , I nr:1! l' d , i ng Ie -sat C II i tC (; PS , i mill a till' and :1

demonstration system designed hy SnapTrad 1.\1 were
used 10 experimentally verify the performance predicted
in Figure.L The 20-meter accuracy preJicled by Figure :\
with a I-second snapshot and -150dBm signal strength
was .. Iso demonstrated in later field testing.
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Figure 5 Predicted accuracy in thermal noise. HOOP= I.S

FIELD TEST RESULTS

The SnapTrack™ demonstration system was used
extensively for field lests dcsigneJ and audited by

independent wire Ie,s carriers. Environments ranging
from open ,~y 10 in·vehiele. indoor and urban canyon
were inve\ligated.

Table I summari"es test results from seven test locations
vj'ited over the past year. These selected results are
n:rrcsenlativc 01':1 much bmader range of fCsts.

The teq setup eonsi\ted of a I ~-ehannel reference
receiver transmilling reference data to a PC -hased
location server. which communicated with a SnapTrackH'

sensor via modem over an analog cellular phone
connection. The SnapTrackT\l sen,or used an off-the­
shelf active patch antenna. and a long cable. which
allowed testers to place the antenna in hard-to-reach
place,. Preliminary result, indicate similar performance
with a "micro-helix" passive antenna. which is more
suitJhlc for handset integration(2J.

Environment Conditions Yield 68.3%

Horizontal
Error

Outdoors Open site /00% 4 meters

Urban Street. Shinbashi. Tokyo 2-10 story buildin1!s. narrow streets and alleys 100% 15 meters

Inside Sport Utility Vehicle Parking lot surrounded by red wood trees and two-story loor~ 17 meters
buildings. Antenna placed on inside shoulder

Two Story House Center of basement IOOC,c ~O meters

Two-Story Office Building I" floor. inh:rior mom I)·V' n meters

Urnan Canyon. Denver. CO 20-JO slllry buildings. wide streets. altitude aided l)~ ',:i- 21) meters
50·Story Building Glass/Steel building. 21" floor. l-l ft from outside wall !l9~r 8-l meters

Tahle I Fidd tesl restliis summary

The system was operated such th:1l no inform:ltion was
carried over for each successive sample. Thus. each

sllccessive snapshot can be considered an independent
"firs! fi~." A 1I10re detailed description of each location

_____c • _
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Figure 6c Satellites tracked by SnapTrack sensor and
convcntion,1I hilnd-held

Tc~t location: one-'ane urban road
A Japancsc wirclcss cilrrier selcctcd the sitc depicted in
Figure 60.1 tn rcpresent a fairly typical Tokyo environment.
Thc antenna was placcd arrro~imatcly 3 feet above the
grllu nd on the sidc of a one-lane road. surrounded by 2-10
story buildings.

A conventional handheld GPS receiver was used for
clllllparison purposes. This receiver was allowed to
operate continuously throughout the data collection,
resting horizontally (antenna facing the sky) near the
antenna used for the SnapTrack handsel.

F-i~lIIT 60.1 Onc-Ianc urban ruad
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Results in Figure 6c show the conventional receiver
tracking 14.3% of the ~atelJite~ in view over the data
collection period. while the SnapTrack handset was able
to acquire 65.3% of satellites on "cold starts" throughout
the data collection interval.

Test location: sport utility vehicle
Figure 70.1 shows one of several test vehicles used in
SnapTrackTIl parking lot in-vehicle testing. This lot has
moderate blockage from a two-story building. as well as
several redwood trees overhead. Resultant accuracy is
sin! ilar to that observed in most indoor tests.
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Test Location: Two-story office building, interior

two-story com In ereial hrick huifding. A~ expected. the
~I\:(ura(y is clll1lparahlc to most residential locations. The
lI:s[ equipmenl was placed in an interior first-floor room.

Test location: urban canyon
Figure lOa illustrates a somewhat typical downtown
environmcl1l. Figure lOb and Figure IOc demonstrate
server-aided system performance in this environment with
and without altitude aiding. In this test case. altitude
aiding resulted in a 30% accuracy improvement. In
weaker signal environments. altitude aiding is very
important. improving satellite geometry. as well as
providing a reliable extra measurement in the navigation

solution.

l~st loratiun: hasem en t uf t\\ (I·stor~ residence
VS We-t 'ek,tcl! tile h"l1'l' ill r-'gure :-la ;1' a sample
r,·,id,·n·_·c· ." 'h,' [),'''''' ,,',' I "', '!"".\11 ill Figure Hh, the
;11l1l'IlIl,1 II ;1' rl,I,"'" I': I\~l' ,,'1110 "' Ih,' hJ'cl11cnl. (The)­
\.\. ;It( llll,i;\'g 1'/)1 1 /1( 11.(\: I') h l ' pl,ll\.'\! (iUhIJ~ ttl 111ainlLJin

l'Il''!I;,:I, "gll,,1 'In:Il~11I 1,'1' d,II" ",PlIl1cdivlly,) Figure IlL
,11,,1,\, ': ':c'/II I'l'l i,,!'111,lllcc' III Ii", it>"'llli'lil.

Figurc 9;1 Two-Slory brick building, interior first floor

Figure lOa Urban canyon. downtown Denver
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Test Locution: SO.Story Glass/Steel Building, 21'·
noor. I~ reet from outside wall
Figure II a illustrates a signa I env ironmcnl with poor
sl:,:nal qrength and long mullipalh. In pro-ious lesls.
CHhcr rhe' si~l1aJs!rcnglh (alld therefore oftcn rhe
gl'\HlIclry) or path length differences were poor. In this

case. I ~ feel frulll the outside wall on thc 21" floor of Ihis

building. ooth problems wcre evidcnt creating greater
pnsili\ln hi,lsc, dill' (0 rdll""',,'ns IrPIII :1 .south .faring
burlding, as shown in Flgurl' II h.

Denver [·911 Trial
SnJpTrad1\1 provided Ihe enabling GPS technology for a
recent cnd·tlh:nd wirelcss E-\) II lrial conuucred in lhe

Denvcr area. Figure 12 is a good illustration of how lhe
SII:lpTr:lcK,\1 J''lriburcd systcm architccturc cln hc used.

For this dClllllnstratilln, a single rdcrcllcc receiver

pnn ided rd'crL'llre in form ation to a location server. The
SlupTrackl\1 SL'nSor ICI\ programmcd wilh rhe Mooilc
1,h'lltiti,';llIIIn :--;ulllOn 1\<11\) 111" an aCl:l1mpanying digital
ph,.n,', Sll (h.1l thL'ir scp.natc calls could laIn he matched
hy rhL' Sign.IIS\lft Servicc Control Poinr (SCP). ((n lhis



-:a~l:. thl: an<llog phonc provided cnmmunication service~ 10 Ihe Sn<lpTr<ld sub-handset and Ihe digital phone

,.,.,7T \..,.
, ,.~ I ".~. II

~..
.L- . .. ._. . ..• ~ M __·_. __ •• __ • __••_._. _

I C:::::J... E"rj''-iJ ..~t"'OI1l"'~lYI:'f·( I I
~

Figure 12 Denver E-911 trial syslem

provid.:J EYII functionality.) When Ihe mobile user
placed a caillo the Public Safely Access Poinl (PSAPI.
thc IWO pieces of information were combined into a single
call by t~ sep when presenting the information to the
see database. This database provided call routing
instructions fur the digital cdl phone's 911 voice call. TIll'
SCP was anle 10 determine which PSAP should receive
each call using the location information from the
LocationServcr and a digital map of PSAP coverage
boundaries. The see AN IIALI database also provided
the handset location to the selected PSA P. pin-pointing
the caller location on a GIS map display.

Figure 13 shows results from driving through an urban
canyon in downtown Denver. The small clusters of points
in Figun: IJ arc located ncar stop lighl~ on thc roule !lut
of downtown, Figure J" iIJustrale.~ the result, of dynJmil.'
vehicle testing on an urban highway.

Figure 13 Driving out of urban canyon

'., f'". ".~.~.. :" ,_.., '
",;:,., ....

..­
'''- /

'.'

. ,.,.



t:, f r: ij
-.'; I I I II , 'TTi~-
I :I (t: j: : Southbound
.11: -r 1 ~' t., .. 8ou~ Ie O~Il"er

UI _. ...)._-_. IEa<h '_,.rd, ,.,

/

:;;. .. ~ i . ; r'l ill!~~~:~~r~1 .lirs: fix.-.' F I' .:- -_. t-, l-.!... r.~'l ... ,.,.
J jf. I !.-,

+ . J~\ --.L. '_11__ ~.. :. ':':l- ' ,
.1 I : I '. . •

--:-: :H' ~. I J Ii' i L i ji: , .~" .
. . •: .t:'. ':::--.' .~ .. "'.'1Q.. '- . -=-' .;. "-..-
~. u: 7,: ,"-r=- -:r::ff1'--l'-=:;'-=-~:'#~-;':::'-_'

I ~- ..... j.6o ; I . " 1-':-:-"
.....l.. . " ,"':' I j I'

Figure I~ Urban highway

SUMMARY
SnapTrackTN server-aided GPS improves upon
convcntional GPS pc-rformar\l;e hy shMing processing and
dal<ln.I~C func!lOns hetwcen lhe mobile GPS
rcccivcr/processllf (the c1icnll and a remote infnlstructure
(the server and reference network). The result is a highly
sensitive. cost-effective. low.power. GPS receiving
systcm [hat provides first fixes in a few seconds from a
enId start. even where conventional GPS is unworkable or
unreliable.

Audited field test results demonstrate accuracy of J-IOO
meters (depending on degree of blockage). which is
substantially better than the 125 meters required by the
recent FCC E91 J mandate. even in severe blockage and
multipath environments,
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