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Magalie Roman Salas. Secretary (jU v! ;r-
Federal Communications Commission JAN 2. 3 200\'1 '-/1 j!
445 Twelfth Street. S. W.
Washington. D,C. 20554 Ftdetal CommunicatiOns Commiss60n

OIftce of Sect*I'Y

Attn: Wendy Austrie. Policy Division. Wireless Tekcommunications Bureau

Re: Choice Wireless. LC
Supplement to Choice Wireless. LC s Carrier Report on Implementation
of Wireless E 11 Phase II Automatic Location Identification - CC Docket
No, 94-102

Dear Ms, Salas:

Choice Wireless, LC ("Choice") hereby supplements its report on implementation of
Wireless E9l1 Phase II Automatic Location Identification ("'AU") (CC Docket No. 94-102) that was
submitted on November 9,2000, in response to the Federal Communications Commission's letter
dated December 7, 2000. 1

As explained in its initial report. Choice began offering wireless service on November 1.
2000. Accordingly, Choice was not required to obtain a TRS number by the November 9, 2000
filing date, However, pursuant to the Commission's request. Choice has now applied for a TRS
number and will provide the number after it is issued by NECA (see redacted copy of application
attached as Attachment 1),

Choice has chosen to utilize a handset-based technology, As stated in its November 9, 2000
report, it has not yet detennined which particular vendor to use but is considering Tendler Cellular
because its products are designed for the rural market (see Attachment 2). However, Choice's
facilities utilize a GSM technology and Tendler Cellular does not yet have a product that is available
in GSM phones. Therefore. Choice is also considering SnarTrack's products \vhich have been tested
in a GSM environment (see Attachments 3 & 4).

'A facsimile copy of the Declaration by an authorized company representative attesting to
the accuracy ofthis report is attached. A supplemental filing will be made after the original has
been received.



Magalie Roman Salas
Page 2

Choice currently has a very small number of handsets in operation as it has been in service
for less than two months. The company plans to activate ALI-capable handsets in such a way that
it meets the Commission's deployment schedule and that hy Decemher ~ 1.2005.95 percent of all
of its handsets will be ALI-capable.

Please let us know if you have any questions regarding this repan.

By (i!.. 1£.k.JJl
~erR .'
John Kuykendall
Its Attorneys

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

Attachments
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1. Alvin Fuhrman, President of Choice Wireless. LC ("Choice"), do hereby declare under
penalties of perjury that I have read the foregoine "Supplement to Choice Wireless. LC Carrier
Rcpon on Implementation of Wireless E91J Phase II Automatic Location Identification" and the
information contained therein that pertains to Choice is true and accurate to the best of my
knowledge. inlormatiol1 and belief.

Date' ,I 2 -) (- 0 [) ~1'1111t&.~/
Alvin Fuhrman. President
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USAC
UNIVERSAL SERVICE
ADMINISTRATIVE CO II!

ICERTIFICATION OF L~IVERSAL SERVICE FUND
I DE MI1':IMIS E:xEMPTION
I September 1, 2000 Filing

I certify that) am an officer afthc carTier identtflcd below, that we have examined the FCC Form 499·5 and Its
Insuuctlans. that we have perfomlcd the de mlll11l'/S test In sAid Instructions. I1lld rhllt to the best afmy knowledge.
information and belief. tiS n rcsult of perfanr.:n~ thattes'. we will no! hovc 0 contnbutJon amount for 2001 that
exceeds the SI0,000 tlucsboid :hereby exempting us from the req\;lre:':1cnt to file ar. FCC Form 499·5 on September
12000

Flier 4991D (formerly
8TRS ComDanv Code) -----

IRS Employer 1D tI

(EIN).

PrinCIpal o CAP/CLEC x CelllllarlPCS/SMR (wlreie;\~ telephony) o Incumbent LEe

ComnlWUClltiOIlS o IXC o Local Re~eller D asp
B\\siness C PU~Ulg &. Messugmg o ::' ayphone S:T"o'lce Provida Cl Pre·plld Card

Pleau chl!ck on~~' 2!!! D Priv.t~ SCl"Vlce o Saleillte Q Shared Tcnant

Provider Service Provide!
c'attgory o SMR D Toll RoselleI' D Wirekll~ Dau
(see Forn) 499.$ CJ Other LOClll* o Olher Mobile- o Other Toll·
instructions pp 9. J0) -If O/lIrf Local. Mobil~ or Tell iJ c;'lfc~d, d~rcrlbe ,0nlribUIOJ' rype:

Legal Name ChOIce WireleJs, LC
of Companv
Complete 790' Flying Cloud Drive. Suite 250
MllilinJ' Address Eden Prairie. MN 55344

Name of Contnct Pam Tucholke Contlct Ii.Mad:
Person: Pam,TucholkeUl.lQUlU1lWnC:onun.com
Telephone Informlltlon' Contllct Phonc. Contaet FAX

, ( 952) 942·7650 ( 952) 942-5938
Officer Signnture

{2t~'/)J(;L 1,
JPrimed Name of Officer: IAlvin Fuhrm/l11

Please see the FCC Form 499·S Worksheet Instructions on page 5 for further
infonnation and how to detennme if your company meets the de minimis standard for
universal service purposes

Pleue submit thIS fonn. if npphcablc. Lo Form 499 ORIn Collection Agent
AUn: Lori TrHllcillno
80 South Jeffer'on Rd.
Whipp~nYI NJ 07981

NOTE: If this compnny qUAlifying for the rJe minimi,r ~.IeJ11ption i, " RESELLER,
you mUlt notify your underlying carrier

thllt you Are not contributing directly to univer.al,ervice,
Rnd you mu't be con,idered 1\0 end u,er by tbe underlying carTier.
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E-911 CO,\IPllA~'CE

.-\ R

.-\s the dcaditne tor respondlng to the £-9 i i aeadlrne apDruJches. and as the
Chalrman or' T~ndkr Cellular. \\e \\ould Il!-.:~ [0 inform :- our compan:. about the a\ailabilit\
or' FoneFinder'. the first autonomous GPS handset approach to location. hmeFjnde~
equipped phones are the complete ans\\er for both Phase f and Phase II of tht' E-911 Report
and O"der (see \\'\\'\\,fonet'lnder.com) and do so \\ithout ::m: additionJI infrasl,ucture.

Tendler Cellular has de\'eloped the tirsr GPS in 3 handset. \\ith the Audio\o': CD\f
9000 FoneF::-:~~r ph\..lnes meeting th;:- E-911 mandate \\it:: incredibl;:- 3-meter accuracy.

The l-.~:. to FoneFinder is that it transmits GPS location \ ia synthesized \oice and
DT\fF wnes o\er the \oice channel dir;:-ct :,1 J PS.-\P Oi' dispJtch oftice using your e':isting
networ!-; Th:s also IT.eans tl';J[ \\ i:~, the ~,-,:\ ;S;O;', l,f J. r:- ol1cFi,,,:k:' hJijc:se; ,lie s:- stem IS

instant!: depil': able.

It terms af the rural cJrriers and c~I;:1pliJnce \\ith the E-911 Report and Order. na
longer does the rural canier ha\'e to depenj on trianguiation systems \\here there may not be
appropriate t(mers to get a triangulation ti\.. :\or do to\\ers ha\e to be retrotitted with
anything. :":or does the carrier ha\e to pro\ ide a baCK haul to the PS.-\P.

\\'ith FoneFinder-equipped phones rhe e,:isting infrastructure is used. and for
automatic location. termtnals at the PSAP need only be pro\ided \\ ith a Delorme map. a
DT:'"fF decoder and a 530 Tendler Cellular sot1ware interfJce (eg, S230'terminal).

\\-hat this does is give your E:VfTs. Police and Firemen almost free location. Better
yet. it is a\'ailable now.

-\ddiril')nally. FoneFind~r-equipped rhones offer cLlmplete tekmatics in a handset.
anJ hJ\ e r.~ei~ likened to Cadillac OnStar \\ i,hour hJYing to buy the car. This is because all
FL1I1eFilldcr phones come equipped \\ it!, J pr\..,teCtd 911 Durton and a roadside
asslstun.:c .::or..:icrgc Qutll..'[1. The II \ 1 C..l::~ gL! ~1ircc, r~) rhe rs,-\p. \\ irh t:,c roadside



aSSiS[;ln-':e concier~e calls going to a third party dispatch operation such as the Cross
Country Group . .-\A.-\ . .-\ T.\:. I<sOOTO\\'TRL:CK and others.

It is a t"ca:;..;rc oftLe FO[1;::FinJcf phones th..lt iOL..lLilln-baseJ Scr\lI.':eS su-.:n as roadside

aSSiSL.1n(e and cOl1(ierg~ Seniccs pro\ ide re\ enue streams which more than ot"r'set the cost
of the FoneFinJer phones . .-\Iso. bec3use of the unique capabilities of FoneFinder. carriers
can e\:pect more acti\ations and airtime.

It should be nOted tn;:.[ \\hile FoneFinder 15 J\J.l:JO~e in CD.\L-\,ar,::l:o,:; pl1ones.
TD:"!.-\. analog phones are in design .

.-\.s the carriers undoubtedly kno\\. the rural c:.1rrier can meet the FCC mandate b)
declaring the intention to go with the handset approach and by providing 50 Q

0 of ne\\
phoneS with GPS location technology. For rural carriers this is not a iot of ph"nes.

We believe that FoneFinder offers the simplest and most cost effecti\e \vav of
meeting the mandate and does so \\'ith fully integrated GPS phones a\ailable now.

Robert K. Tendler.
Chairman
Tendler Cellular. Inc.

65 Atlantic A venue. Boston. \1,..1. 021 10

Telephone 617- 710-1339. Fax 617-723-7186
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SnapTrack Announces Leading GSM Carriers Prepare for Pan-European Tests of \Vireless Location
Technology

REAL money CASINO games I
Paris - 22 June 2000

Assisted GPS-Based Location Syst~m Phase II Trials
to Demonstrate SMS. Seamless Roaming ~

:-. .r:FREEc'iO:k.... ~Ie""

. Ringtones
Get ringtones here!

Logo Messaging via SMS

Search Site

;f,'FREEclick-:'. here
. perator

logos

Online Shopping

f~' I
l~g!4

SnapTrack Inc., a wholly owned subsidiary of
QUALCOMM Incorporated (Nasdaq: QCOM) and
leader in wireless position location technology. today
announced an internat ional consorti urn of Global
System tor Mobile telecommunications (GSM)
v:ireless carriers. handset suppliers. applications
providers. infrastructure manufacturers and
semiconductor manufacturers \\'ho are preparing to
conduct an intensi\\~ C'\aluZltion of SnapTrack's
breakthrough approach to wireless handset location
technology.

France Telecom Mobiles is hosting the multi-country
SnapTrack location technology trials. as it is
interested in deploying wireless location services and
technologies. The trials will demonstrate SnapTrack's
functionality in a broad range of call environments
and its ability to provide seamless cross-border
network-to-network roaming for location services.
Prototype GSM handsets will be used by SnapTrack
GSM Test Group members to also test Wireless
Application Protocol (WAP) services augmentation
and gateway compatibility, and the efficient exchange
of location infonnation between system elements via
Short Message Service (SMS).

"CMG Telecommunications' participation in the
SnapTrack GSM Test Group field trials will allow us
to gain valuable experience with wireless location
teclmologies and sef\ices," said Peter Maathuis. Vice
President Global Sales & Marketing of CMG
Telecommunications. "CMG's expertise in wireless
infrastructure systems. including SMS and WAP, will
be central to the STGTG's trials, which will
demonstrate CMG's commitment to providing its
carrier customers with a package of highly accurate
WAP-cnabled wireless location systems."

Philips Vadem ClIo C-1000, the stylish
Windows PalmPC

http://w\vw.cellular.co.za/news_2000inews-06222000_snaptrack_europe_trials.htm 8/24/00
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SnapTrack's Wireless Assisted Glohal Positioning
Svstema technology \vill enable a whole range of
\<lluc-ad<.kd location-based services for mohile
suhscribers and mobile internet users. Services
include location-sensitive hillin\!. mohilc directorv
assistance. personal navlgation.1mproved roadsid'e
assistance and enhanced vehicle fleet management.
SnapTrack's responsiveness and accuracy will also
enhance public safety for people placing emergenc)
calls on their mobile phones.

"The Phase I GSM Test Group trials demonstrated
SnapTrack's ability to provide the highly accurate
location information needed for the deployment of
cost-effective commercial location services in typical
urban European centres - for both pedestrian and in
vehicle services," said Steve Poizner, CEO of
SnapTrack. "The Phase II trials are expected to not
only demonstrate SnapTrack's compatibility with
SMS. but also tbat SnapTrack's enhanced GPS
handset-based system is the only approach that can
provide seamless cross-border and inter-network
location services roaming. This simply cannot be done
\\ith any lL)cation system that requires ndwor].;
equipment modifications."

The SnapTrack GSM Test Group Phase r trials in
Madrid. Spain, successfully demonstrated near
commercial location services applications in the GSM
environment, with callers typically pinpointed to
within 5-20 meters. During the trials, mobile users
were guided to featured points of interest and to
hotels, ATMs, nightclubs and tourist attractions
closest to their calling locations. Recent studies by
Strategis Group indicate that the wireless location
services market could generate as much as $20 to $30
billion per year in revenues for European carriers and
vendors by 2005.

The SnapTrack GSM Test Group consortium, formed
more than a year ago, collectively supports over 30
million subscribers. Publicly disclosed members
include Vodafone AirTouch Communications PLC
(UK and US), BellSouth Mobility DCS (US), BT
Cellnet (UK), Esat Digifone (Ireland), France
Telecom (France), Omnitel Pronto ItaJia (Italy), T
Mobil (Germany), Telecel (Portugal) and Telefonica
(Spain), and applications developer SignalSoft (UK
and US). Prototype handsets will be provided to the
consortium for the field trials.

Infrastructure providers CMG Telecommunications
(Holland), Nortel (France) and Siemens Information

; .It(· • 'JI",v,-

Industry News
SA rvl1/1lster dropped from license
proce
Venzon's Union Workers on Strike
Nokia ,n [ranlan Deal
UK Schools warned over mobiles
Globalstar Launches ,n Russia
Indium Gets Temporary Repneve
Siemens outsources to Flextronlcs
Castle Harlan Drops Bid for Indium
Cellphone researcher urges caution
Yemen to Launch GSM Service
Ford, Qualcomm In Wireless ]V
Man," $800m phone cancer SUIt
Phone Service Launches In Kenya
Now Its "Cellular - The Movie"
FCC Delays 700Mnz Auction
Nokla,Siemens vs Indian Smugglers

WAPIM.commerce
NC':J \'"~:rclCS$ Sec:..;;:;, '::onfcrcncc
McAfee Virus Inform<ll.on Via WAP
Wireless Internet Ramping Up
IBM Develops WAP Inslant Messaging
Wireless Ad Firms Gear Up
Lotus Releases fIolobile Notes Kit
IBM Invests $Ib In EU WAP
Railtrack launches WAP timetable

Mobile DatalBluetooth/GPRSl3G
Sony to link PlayStation to iMode
Erlcsson. Microsoft '" Wireless alhance
WarnerPackelVideo In MobileMedia JV
I Abn Bluetooth units by 2005
Toshiba's New Mobile Phone Screen
Wireless lOstant messaging grows
EU Bluetooth Market POised Grow

Financial
Nokia. Encsson. Motorola Shares slide
Portugal Four 3G Mobile Phone licenses
EU Concem Over US Teiecoms Proposal

Click HERE for News Archives

MORE....

Technology Briefings:
·Full listing of new GSM Phones
·Moblle Etiquette
'IMode Wireless Internet
·OnLlne WAP Browser
·WML (Wireless Markup Language)
.WAP-enabled web sites
·New syncML WAP spec

http://www.cdlular.co.zalnews_2000inews-06222000snaptrackeuropetrials.htm
- - - 8/24/00



Sn:ipTrack ,'\nnounces LeaJing GS\.1 Carriers Prepare for Pan-European Tests ofWirckss Lm;ati.. Page 3 of4

New Hardware:
·220V Plug Remote GSN Control·
Pocketboard/Radio For Nokia 6lxx
'Solar Phone Battery Charger
·Samsung SGH AllO
,Slemens A35
·Slemens TopSec 703 Secure
·Motorola Accompli Smartphone
·Benefon Locus GSM/GPS
·Motorola '12282 WAP
·Motorola '18088
·Motorola L738ge
·Motorola L708e WAP
·Motorola P7689 WAP
·Motorola M6088
·Nokla 6250
·Nokla 6210 WAP

and Communication Networks (Germany) will
participate in the trials, as will semiconductor
manufacturers Texas Instruments and Motorola. Texas
Instruments and Motorola have previously announced
licensing agreements with SnapTrack.

About SnapTrack's Technology
SnarTrack's personal location technology fuses the
intelligence and power of networks in the mobile
environment \.... ith the accuracy and coverage of the
Global Positioning System. SnapTrack's thin-client
\Vireless Assisted GPS system improves upon
conventional GPS by combining information from
GPS satellites and wireless networks to accurately and
reliably pinpoint a wireless phone. While traditional
GPS receivers may take several minutes to provide a
location fix, SnapTrack's system generally locates
caBers within a few seconds. Callers are typically
located to within 5-20 meters in a wide range of
challenging call environments where normal GPS will
not worl, fncluding inside houses and moving
vehicles, under heavy foliage, and in downtown urban
street canyons. SnapTrack's unique Location on
Demand™ feature also ensures a caBer's privacy.
putting location infonnation in the hands of the user,
not the net\\iork.
SnapTrack's technology products permit the design of
cellular phones, pagers, PDAs, and other wireless
devices that operate in multiple GPS navigation
modes, allowing out-of-network location coverage
and a variety of thin-client applications. SnapTrack's
wireless location technology products require no
additional cell sites or modifications to existing
network equipment and are designed to have minimal
impact on cost and handset form factor. Furthermore,
SnapTrack's technology is air-interface neutral and is
applicable in any two-way wireless system:
ceBular/PCS, satellite, or paging; 800/900 MHz or
1800/1900 MHz; GSM, COMA, TOMA, POC or 3G
air interfaces.

·Radlcchlo mcommerce Security
·Mobey transactIon platform
-Mas51-/ 0 1")(U5 On Mobrle Di'ltil
-Cellular DIgital Packet Data
-SyncJl.k Mobile SpecIfIcation
-Mobey Forum for m-commerce
-RadiCChiO for Wireless securrty
-F, In(1;;mo enables m-commerce
-See what's InSIde a mobile phone
-CDMA digital celluldr
-GSM Global StatistIcs
-New GSM Smart Phones
-What '5 ISDN)
-Mobile Commerce
-High Speed Data Over GSr>-l
-Locatlcn Finding via GSM

Latest FREE Downloads:
MyAnlmat,on for Encsson A26I8s
Nok la Commander '13 3
cMali SMS Mall for Vodacom/MTN
FunPhone Nokia MP3 Player
PSW,nCom Component SUite
Oops SMS Software
Extended Extras for Nokia 91xx
GraphiC POint for Nokia 9110
SmartS,'v15 10 for Graph,cs/Tones
FoneSy"c for Noh:! 7110
Nokia 7110 Explorer
CardONE for creating WAP
WML Tools '10.0.4
WAPobJects Framework
Si-~S ','t': Scftware
WBMP creator
Myemessager for US SMS

New WIreless Secunty Conference
tvlcAfee VIrus Information VIa WAP
Wireless Internet Ramping Up
18r~ Develops WAP Instant Messaging
Wireless Ad Firms Gear Up
Lotus Releases Mobrle Notes Kit
If;,.,1 fllvests SIb III EU WAP
Railtrack launches WAP timetable
Sony to link PlayStatlon to IMode
Encsson, r>-llCrosoft in WIreless alliance
Warner,PacketVldeo In MobrieMedia ]V

1.4bn Bluetooth units by 2005
Toshiba's New Mobile Phone Screen
WIreless Instant messagIng grows
EU Bluetooth Market POised Grow

Sections:
·Operator Logos via SMS
·WAP Developers Forum
.Download WAP Software
·WAP-enabled GSM mobrle phones
·Moblle Commerce
,W,rek'ss Internet Gateway
'SIM ApplIcatIon ToolKit (S(Q'T)
·Wlreless PKI for WAP Secunty
·Ont Ine WAP Browser
·Halo data network via aircraft
.Bluetooth radio system
·GSM Billing Procedures

http://www.cellular.co.za/news_2000inews-06222000_snaptra~k_europe_trials.htm 8/24/00
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An Introduction to SnapTrack™
Server-Aided GPS Technology

BIO(;RAPHY

Mark Moeglein received his B.S. in Enginecnng in IlJX7
from Harvey Mudd College. He has been developing
GPS-rdated systems since IlJX9. and has been a primary
ucvt:loprr of the SnapTrack™ LoeationServer technology

since Joining the company in 1996.

Norman Krasner received his B.S. in Electrical
Eng ineering from M.I.T. in 1968 and M.S. and PhD from
Stanford University in 1970 and 1974. He has worked in
the fields of signal processing and communication
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 solution
draw from the best of GPS and wireless communications
technology. The DSP-based receiver is superior to
conventional correlator-based approaches in terms of cost.
sl'nsi!ivlty. timc-to-first-fix and power consumption. A

Sillarl servcr provides key aiding information anJ

performs navigation solutions, minimizing incremental
handset costs and providing for improveJ acquisition
tillles. sellsitivity. and accuracy. This paper will descrihc

the advantages of these IIlnovations and demonstrate the
technology with a presentation of field test results.

1NT R0 IHI CT 10 N

SnapTrackT\i has developed a distributed server-aided
DSP-based processing approach to the problem of
locating wircles., communication dcvices. Thc Isey
advantagcs to this approach. when compared to
conventional GPS. arc:

I. High Iel/Iiti!"i'.'". The SnapTraekT\l system can acquire
and provide fixes in conditions with as much as 25dB (a
factor of 3(0) signal attenuation or blockage. Traditional
GPS technology can have difficulty acquiring signals
when thc attenuation exceeds 5-10 dB. This signal
sensitivity improvement allows SnapTraek™-enhanced
GPS to operate in difficult environmenh, such as mo~t

buildings. inside automobiles. under dense foliage, and in
urban canyons. where traditional GPS is unreliable or
unusablt:.

2. LOll' Tillle·To-Fint·Fix. Traditional GPS receivers
require from 30 seconds to several minutes to acquire and
track satcllites. depending upon how much information
they have previously gathered. In worst case
enVlr,)nI11Cn(s. thc SnapTrackT'i systcm provides a first fix

In .lust a fcw seconds. In opcn·sky situations. the firsl fix

can he performed in less than a seconJ.

.\. L'II' fllnr['/" dissipatiol/. SnapTrack™ technology
pcrftJrI1l\ LO(l/tiol/ 01/ D"Jlll/l/d. using a snapshot of data

(typically D.I to I second. depending on sensitivity
requircd). and then turns off. The entire location operatioll



takes only a few seconds for a "cold start" In a heavily

hloded ,ignal environment. and is signlficanlly faster if
pl"lor Informalion (such as local o,cill;llor oft\etl i, kno", n

or Signal strength is high (> 135dBm I, Thu'. In those

application, which do not require continllnus hlgh-ratc

po,itlnllillg. thc low duty cyck SnapTr;ld'\I -l'nhanccd

(iPS ren'lver ul',lpales a 'illall tractloll ofthl' pOWCI 01

the cum mun Ication dn ICC Ie ,g" a portahlc halllJ set) with

which it i, mated,

CON VENTIONAL GPS

A G PS lIser positioning system can he hroken into four
pl"ln);II'Y f II nctilln 10:

( I ) determining the code phases Ipseudoranges) (0 the

various GPS satellite"

( 2 lJetermining the time-of-applicahility for the

pseudoranges,

(3) dl'modulating the satellite navigation message, and

(4) computing the position of the receiving antenna using
the,c pseudoranges, timing. and navigation message

data,

Most commercial GPS receivers perform all of these

operation, without any external assistance, In these

conventional receivers. the satellite navigation message.

and it, inherent synchronIzation hits, are extracted from

the GPS Signal after it has been acquired and tracked, Blit

collecting this informatioll normally takes thirty seconds

to ,everal minutes. Also. a high received signal level
(approximately ·135dBm or greater) is required from all

satellites In he used in the navigation solution for the IX
secnnd duration of subframes 1-3.

DISTRIBllTEO SYSTEM CONCEPT
The SnapTrildI.'1 server-aided ,ystem archlll'cture

distribute' the four primary functions described above

between a GPS reference receiver. a location server. and a

wireless GPS-enabled device (later referred to as a

handseL) The hasic system model is described in Figure
I,

t\ G PS reference receiver gathers navigation message and

differential correction data for all satellites In View, In

another system configuration. the GPS reference receiver
may be replaced by a network of reference rcceivcrs to
provide coverage for a wide area. such as [he contincntal
l' ,S

The locatioll servcr receiles and stores dat;\ from the GPS

rderelll'c rcceive! (or network), provides aiding uata [0

mobile units. and performs navigation solutions upon

receipt of pseudorangI.:' measurements from the handset.

The aiding data. sent 10 each handset on-demand. "
generally a list of satellite' in view from the handsI.:'t and

thcir relative Doppler offloets , (Estimated Doppler can hI.:'

improved by using the location of the base station

communicating with the hand-held device as an

approximate handset 10cation,I This small message

(approximately 50 bytes) is all the handset needs to kno",

from the location server to extract pseudorange
information from its short snapshot ofGPS data.

The server also halo access to a terrain elevation database,

This allows it to perform accurate altitude aiding for

ground-hased applications, a capability that is impractical

if the navigation solution is performed at the mobile. The

terrain elevation provides essentially an extra range

measurement. improving reliability and accuracy.

The server i, ahle to mitigate multipath and reflected

signal effects uSIng a sequential measurement
optim ization (S M0) technique, The server also hand les
eross-correlalions from strong signals onto the PRN codes

of weaker satellites, as well as correcting for atmospheric

delay"

In general. the location server i'i remote from the final

application. such as service centers providing display and

operator services.

The wireles'i GPS-enabled device can track far weaker

GPS signals thiln a conventional GPS receiver, because it

docs not need to decode the navigation message. But
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Figure I Basic system model
rapidly and accuratcly finding the~e weaker ,ignal~

requirt.:~ a powerful signal proce~~ing clement to search
ovcr the large number of PRN codc~. times-of-arrival. and
off~et frequencies (dUl' to Doppler errors and lucJi
oscillator frcqueney errorsl. The DSP-hased proel'ss for
determining pscudoranges is described later in this paper.

XOOO correlators would he required to match the speed
and sensitivity of the SnapTrack™ server-aided GPS fast
convolution processing technique. And the processing
speed or Ihis technique will improve as DSP technology
ad\ilnCl".

CONVENTIONAL GPS CORRELATION

TECHNIQllES
(onnnlional GPS receivers usc correlation methods to

compute pscudorangc. A classic hardware corrclalOr

based receiver multiplies the received signal by a stored

(or generated) replica of the appropriate PRN code and
then integrates, or low pass filters. the product to obtain a
pcak 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 modulated onto
the GPS waveform. Atthis point. the navigation message
may be reliably demodulated if received signal strength is
ahovc approximately -135dBm for the duration of the

message being received.

The conventional acquisition process is very time
consuming. espccially if received signal~ arc weak. To
Improve acquisition time. most GPS receivers utilize a
multiplicity of correlators (nominally -36 for a 12
channel receiver). which allows a parallcl search for

correlation peaks as a function of time-or-arrival. PN
code. and frequency onset. Recently, massively parallel
correlalors (on the order of 240) have been used to
impmve acquisition speed and sensitivity. In excess of

HANI>SET ARCHITECTURE
Figure 2 is a "handset vicw" of the SnapTrackHI server

aided GPS system. Note that the conventional tracking
loops arc replaced by snapshot memory and fast
convolution proccssing.

At thc request of eithcr an external application, or the
handsct user. the server sends information on satellites in
view at the handsct's approximate location. including
Doppler predictions. After a snapshot of GPS satellite RF
data has been stored in the handset memory. the DSP
processes the data and returns pseudorange measurements
10 the server. along with other statistical information.
This snapshot approach allows the handscl to gather GPS
data when it is nottransmilling. thus eliminating potential
self-in terference.
Each of the messages between thc handset and the
location server is small (50-IDa bytes). This reprcscnts a

significant reduction in required communications
oandwidlh whcn compared to dclivering differential
corrections. almanac. ephemeris and/or satellite trajcctory
data to the handset.



Fi~ure 2 Blod dla~r;lm at DSP-hased C; PS pr()(e"ln~

system

FFT-hased fast convolution techniqucs provide higher

sen,nivltv ant! faster acquisition spccd hy perform In!' ;}

lar~e numher of FFT operations together with special pre

ant! post-processing operations [ I). It is expcctet!, In a
worst-casc ex,lmple, that pscudorange in the DSP w iii

11''1\111,: ;Ipproximate!v :1 seconds. with much fa,I"1

pcl!(1I1nalh':c In \Ilu,Ition' with 11Ighcr (> -1.1:1JBIl1) "giLt!

slJ'(:ngrh or DSP speed.

phJslng of Ihis sequence could th~n be eompJred to J

local reference sequence to determine the relative timing
net\.lecn Ih,' (\.In. thus estal'>Ii.;hing the p,eud\)JJnge

Doppler <lnd local Oscillator uncertainty cnmpllcatc thl'

prnee". Thc S l'Il' cr rL' due c' thn c un L' crt .11 ntiC' h:
providing Dnpplcr estlmatcs.
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II~ure .\ C,dlcrL'nt and "Kollercnl ,ummatlon With
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In the system described in Figure 2, received data Is

down-converted to a suitably low (-2MHn intermediate

frequency, digitized and stored in a buffer memory. This
data IS then operated upon using a programmable DSP Ie.

Unlike continuously tracking hardware eorrelator-hased

receivers. this "snapshot" processing technique IS not

subject to the fluctuating signal levels and changing

nature of the signal environment.
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Each received GPS signal (CIA code) is constructct! from

a high rate (I MHz) repetitive pseudorandom noise (PR N)

pattern of 1023 symbols, commonly called "chips."

These "chips" resemble the waveform shown in Figure

JA. Further imposed on this pattern i, low rate data.

transm itted from the satellne at 50 baud. AII of thiS t!ata

is rl'ccivcd ,II ;1 very low signal·to-noise ratio as measured

III ;j :2 MH1 hanJwidth. II the carrin frequencv and all

dat,1 rates were known to great prcci,jon, and no daLJ

were present. then the signal-la-noise ralio could be

greatly improved by summing successive frames. For

example. there are 1000 CIA eode epochs over a period of

I sel'ond, The first such epoch could be coherently added

to the next. the result added to the third. etc. The re~ult

would be a signal h<lving duration of 1023 chips. The

Snapshot Duration (Sec.)

Figure -I Predicted Sensitivity in Thermal Noise

Th,' ;lnOI C IHOCC" IS carried alit separately for each

';lIelllle In I Iell from the same set 01 data in the snap~hot

memory. sinL'e, in general. the GPS ,ignals from different

,atellites hale different Doppler frequencies and the PRN

p;ilterns differ from one another.

The presence of 50-baud data superim posed on the G PS

signal l,milS the coherent summation of CIA code epochs



to a period of 20 msec, That I,. at most 20 one·

millisecond-long epochs may be coherently added before

data 'Ign inver,ion, prevent further coherent ,ummation

(unlc" this data IS proVIded by the ,erver) Addlllllnal

prol:e"ing pin may be achieved through summation of

the magnitude, lor square, of magnitudes) of the

cnhcrl'ntly summed Inlervah. prnvldlng the ,en'ltlllty

and accuracy ,hown in the curve, of Figure, -+ and ~,

A calibrated '>Ingk·,atelillc (iI'S 'il11ulJltH and ,I

demonstration syqem de'i1:!ned by SnapTrad '" were
u,ed tn npcrimentally verify the performance predicted

In Figure -l The 20·meter accuracy predicted by hglll'e .~

with a I·,econd snapshot and -150dBm ,ignal strength

wa, also demnnstrated in later field testing,

~
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Figure 5 Predictcd accuracy in lhermal noise. HDOP=I.5

I'IELU TEST RESULTS
The SnapTrad 1M demonstralton system was u,cd

extensively for held tCq, designed and audited bl

Independent wire!c" carner" En viron rn en t-, rang ing
frnm opcn ,ky In in·vehlele. indoor and urhan canl t'l1
were inve,tigated,

Tabk I ,ummarl/es test resul!, from snen test lucall<J:l'
1'!Slted over the past year, These ,e!ceted re,ults arc

rc"resenl,ltlvl' nl ;1 I11Uch hroadcr rangc pI Icst"

Thc tcst 'CIUp con'i,ted <Jf a I ~·channL'1 reference
recel\'er tran"nitting reference data to a PC·ha'ed
location server, which communicateJ with a Sn;lpTrJd'\1

sensor via modem ovcr an analog cellular phone
connecltnn The SnapTral:k1\' sensor used ;In off·the·

shelf aelive patch antenna, and a long cable. which

allowed tc,ter, to plal:e the antenna In hard·to·read

"1;lce,, Prelllninary re,ult-, indicate ,imilar performanl:e

wnh a "!nlcro·helix" passive antenna. which is more

,ult;thlc lor handset Jnte~rationl~J,

Environment Conditions Yield 68.3%

Horizontal

Error

Outdoors Open site 100% 4 metcrs

Urban Street. Shinbashi. Tokyo ~·I 0 story buildsnp" narrow strects and alley, 100% 15 mcters

Insidc Sport Utility Vehicle Parking lot surrounded by red wood trees and two-story IOOl7c 17 meters

building,. Antenna placed on In,ide shoulder

Two Story House Center of basement 100llc 20 mctcr,

Two·Slory Offil:e BuilJlng 1,1 floor. interIOr room 9-l'7c 22 meter,

II rhan Canyon. Denver. CO ~(J-:W story buill.lIng', wide s([Wls, allltuJe aided 98 ck 29 meters

)/)·Story Building Glass/Steel buildIng. 21" floor. l-l ft 1'1'0111 outside wall X99r 8-lmcters

The ,ystem wa, operated such that no information wa,

earricd over for each ,uccessive ,ample. Thu" each
successive snap,hot can be considered an independent

"first fix," A more detailed description of each location
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1\ cOllventlOnal handheld GPS receiver was used for

l'Illllparl\On purpose,. This receiver was allowed to

l)pcr,lle contllluuusly throughout the data collectIOn,
resting horiznntally (antenna facing the sky) near the

antenna uscd for the SnapTrack handset.

Tl',l localilln: IIne·lane urban road

,\ Japanl"c \.\ Ire Ie" carrier selected the 'Ile depleted In

Figure hOI tn rcpre'ent a fairly typical Tokyo environment.

The antenna W,I' placed approximately 3 feet above the

grnund on the ,ide of a one-lane road. surrounded by 2-10
qllr) budJlllg'

. J
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Figure he Satellite, tracked by SnapTrack sen,or and
conventional hand-held
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Rcsulh In Figure 6c show the conventional receiver

track ing 14.3'7r of the satellites in view over the data

collection period. while the SnapTrack handset was able

to acquire 65.3'/i- of satellites on "cold starts" throughout

the data collection interval.
5D -_ ....~

. ... * .'
~ ~

=
~..

0
., .: I

z

S0

...•~

Test location: sport utility vehicle
Figure 7a shows one of several test vehicles used in

SnapTrackT'l parking lot in-vehicle testing, This lot has

moderate bluckage from a two-story building, as well as

several redwood tree, overhead. Re'lIltant accuracy IS

Similar III thaI observed in most indnor tcsh .

,50

Eullmetorsj

ri~lIre nh Shot pattern, one-Iallc IIrhan road
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Figure 9h Shot pattern. fir'>! floor interior room

Test Location: Two-story office building. interior
Figure 9 ,how" the 10l'ation and re,ults of [hi, test in a

two·etor! ,'nmlllercial hrick huilding, A, expected, the

;Iu'utary I' ,'ul1lpar"hle to Olust residcntlallocatiol1" Thc
Inl eljuil'l11Cl11 wa, pl;leed 111 an interior fir'>!-f1oor room,
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Test location: urban canyon
Figure lOa illustrates a somewhat typical downtown

el1virol1ment. Figure IOh 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. IInprnving satellite geometry, as well as

providing a reliable extra measurement in tht: navigation

so Iulion,

Test location: hasement of two-story' residence
LS We<;( 'elected thl' house III FIg.ure Xa as a ,ample

rl''1dl'I1Cl' 111 the Oerner are,1 '\' ,howl1 111 Figure Xh, the

~ll\tenlla \\ ;IS placed In the center of the ha,emel11 (The)·

v. :Itt ~lllalo~ rholle' h;ld hi he' rl;!Cl'U olll"de to maintain

l'l1<lugll sl:':l1al 'trcngth tor d;11.1 lOl1nel'livit),) Figure Xc

slili\\' , sy,I,'1Il p,'ttntlll,II1(,' III Ih,' IlIl'alllin,

Figure 9a Two-story brick building, interior first floor

Figure lOa Urh;ln canyon. dow ntow n Den vt:r
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Test Location: 50-Story Glass/Steel 8uilding. 21"
floor. I~ fret from outside wall

FI~ure II a illustrate, a signal environment with poor

,1::11;\1 ,[rength and Illng lTlultlp:lth In rrevious tests.

ellher the 'l~n;i1 \lrellgth (and therefore oflen Ihe

geolllelry J or rath Icngth difrel'Cnec\ werc floor. In this

case. I~ feet !romlhe oUlSilk wall Iln thc 21" IIllor of thiS

hurldlng. hoth rrnhlcms \\ ere C\'ldent. creating greater

p"'IIII)1I hl.l,e, dllc' In rl'll"dlpn, Ir""1 ;1 \lluth 1.1'·ln),'

hlirldlll),'. a' ,lin\vn III hgurl' II h

Denver E-911 Trial
SnarTr;ld''I rrovided the enabling GPS technology for a

reccnt elld-lll-end wlrele" E-LJ II trial conducted in the

Denver ale:1 Figure 12 I' a good illustration of how the

SIt:lI'Tr;ll~;'I dl,tl'lhllted ,y'lelll architecture can he used

For thi, del1lon,tration. a single reference receivcr

prll~ ided rdl'l'ence information to a location \crver. The

Sn;lrTrad''I ,en,,,r wa' flrograrnmed With the Mohile

Id,llIill,',IIIIIl' :\lIlnhcl 1:v1It\J of an ;\ccolllflanYlllg digital

"lllIlIl·. 'Il Ih;lt thl'lr 'l:l'ar;lte call, eould 1:lter be matched

hv the SlgnalSoft SnVJCL' Control Point (SCP). (In thIS



to the SnapTra.:k suh-handset and the digital phone

'''<o7T \ .'.0.'

II

I
IL_. _. ._~_ .. _

Figure 12 Denver E-411 trial system

Figure 13 Driving OUI of urban canyon

provided [411 functionality.) When thc mohile user

placed a call to the Puhlic Safety Access Point IPSAP).
the !Wll pieces of information were combined into a single

call by the sep when presenting the information to the

sec database. This database provided call routing
instrll\IIOns 1,,1' the digilal cell plllllh:'S 911 voi.:e "ill I'll,'

SCI' II as ahle to determine whIch PSAP should receive

each call uSing the location information from the

Lo.:ationServer and a digital map of PSAP coverage

boundaries The see AN IIA LI datahase also prov ided

the handset location to the selected PSAP. pin-pointing

the caller location on a G IS map display

Figure 13 shows results from driving through an urban

canyon in downtown Denver. The small clusters of pOints

in Figure 13 arc located ncar stop lights on the route out

of downtown. Figure 14 illustrates the results of dynamiC

vehicle testing on an urban highway.
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SUMMARY
SnapTrJck fM server-aided GPS improves upon
con\"l:nlional (II'S performance hy sharing prtlcl'ssin~ Jnti
d;llah,l'c flinefilln, hCIII ecn the mohile (irS

recclvcr/procc""H ohe ellcn!) Jnd a remnlC Infrastruclun'
(the server and reference network l. The result is a highly

sensitive, cost-effective. low-power. GPS receiving
system Ihat provides first fixes in a few seconds from J

cnld start. even where conventional GPS is unworkable or

unreliahle.

Audlled field test results demonstrate accuracy of 3-1 00
metcrs (depending on degree of blockOlge), which is
suhstantially better than the 125 meters required by the
recent FCC E91 I mandate. even in severe blockage Jnd

multipOlth environments.
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