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KrAaSkIN, LEsseE & COSSON, LLP
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TELECOMMUNICATIONS MANAGEMENT CONSULTANTS

2120 L Street, N.W., Suite 520 Telephone (202) 296-8890

Washington, D.C. 20037 Telecopier (202) 296-8893
January 11, 2001 RECEIVED

Magalie Roman Salas, Secretary JAN 11 2001

Federal Communications Commission

445 Twelfth Street, S.W. P i o s Sasgae

Washington, D.C. 20554
Attn: Wendy Austrie, Policy Division, Wireless Telecommunications Bureau

Re:  Poka Lambro/PVT Wireless Limited Partnership

Carrier Reports on Implementation of Wireless E911 Phase 11
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)"

Poka Lambro PVT has not begun offering wireless service.” To date, Poka Lambro PVT
has not received a Phase I 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.

'A 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 of Revision of the Commission’s Rules to Ensure
Compatibility with Enhanced 911 Emergency Calling Systems: Third Report and Order, 14 FCC
Red 17388, 17428 (1999).

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, rel. 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.

ohn Kuykendall
Its Attorneys

Kraskin, Lesse & Cosson, LLP
2120 L Street, N.W.

Suite 520

Washington, D.C. 20037
(202) 296-8890

Attachments




RECEIVED

JAN 11 2001

DECLARATION OPPICE OF BE S00RETAY

1, David McEndree, CEO of Poka Lambro Telecommunications, Inc., General Partner of
Poka Lambro/PVT Wireless Limited Partnership (“Poka Lambro PVT”), do hereby declare under
penalties of perjury that I have read the foregoing response to the FCC’s request regarding
“Carrier Reports on Implementation of Wireless E911 Phase II Automatic Location
Identification” and the information contained therein that pertains to Poka Lambro PVT is true
and accurate to the best of my knowledge, information and belief.

Date: __Janmary 10, 2001 lYlUld m%ﬁw’
David McEndree, CEO
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E-911 CONMPLIANCE

As the deadline for responding to the E-911 deadline approaches. and as the
Chairman of Tendler Cellular. we would like to inform your company about the availability
of FoneFinder*. the first autonomous GPS handset approach to location. FoneFinder-
equipped phones are the complete answer for both Phase I and Phase [l of the E-911 Report
and Order (see www.tonetinder.com) and do so without any additional infrasiructure.

Tendler Cellular has developed the tirst GPS in a handset. with the Audiovox CDMI-

9000 FoneFinder phones meeting the E-911 mandate with incredible 3-meter accuracy.
The keav 1o FoneFinder is that it transmits GPS location via svnthesized voice and

DTMF tones over the voice channel direct 1o a PSAP or dispatch oftice using vour existing

network. This also mieans that with the provision of a FoneFinder handset the syvsiem is

instantly deplovable.

[t terms of the rural camviers and compliance with the E-911 Report and Order. no
longer does the rural carrier have to depend on triangulation svstems where there may not be
appropriate towers to get a triangulation fix. Nor do towers have to be retrotitted with

anything. Nor does the carrier have to provide a back haul to the PSAP.

With FoneFinder-equipped phones the existing infrastructure is used. and for
automatic location. terminals at the PSAP need only be provided with a Delorme map. a
DTMF decoder and a $30 Tendier Cellular sottware intertace (eg. S230/terminal).

What this does is give vour EMTs. Police and Firemen almost free location. Better
vet. it is available now.

Additionally. FoneFinder-equipped phones offer complete telematics in a handset.
nd have been likened to Caditlac OnStar without having to buy the car. This is because all

FoneFinder phones come equipped with a protected 911 button and a roadside
assistance concierge button.  The 911 calls go direct to the PSAP. with the roadside




assistance concierge calls going to a third party dispatch operation such as the Cross
Country Group. AAAATX. ISOO0TOWTRUCK and others.

[t 1s a teature of the Fonefinder phones that location-based services such as roadside
assistance and concierge services provide revenue streams which more than ottset the cost
ot the FoneFinder phones. Also. because of the unique capabilities of FoneFinder. carriers

can expect more activations and a2irtime.
[t should be noted that while FoneFinder is available in CDMA analog phones.

TDMA ‘analog phones are in design.
As the carriers undoubtedly know. the rural carrier can meet the FCC mandate by

declaring the intention to go with the handset approach and by providing 50% of new
phones with GPS location technology. For rural carriers this is not a lot of phcnes.

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

Robert K. Tendler.

Chairman
Tendler Cellular. Inc.

63 Atlantic Avenue, Boston. MA 02110

Telephone 617-720-1339 . Fax 617-723-7186
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An Introduction to SnapTrack™
Server-Aided GPS Technology
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of Technology.

ABSTRACT

The distributed SnapTrack™ server-aided GPS system
architccture and DSP software-based recciver solution
draw from the best of GPS and wireless communications
technology. The DSP-bascd recciver is supcrior to
conventional correlator-based approaches in terms of cost,
sensitivity. time-to-first-fix and power consumption. A
smart scrver provides key aiding information and
performs navigation solutions, minimizing incremental
handsct costs and providing for improved acquisition
times. sensitivity. and accuracy. This paper will describe
the advantages of these innovations and demonstrate the
technology with a presentation of ficld test results.

INTRODUCTION
SnanTrack™ has developed a distributed server-aided

DSP-based processing approach to the problem of
locating wireless communication devices. The key
advantages to this approach, when compared to
conventional GPS. are:

. High sensitivity. The SnapTrack™ system can acquire
and provide fixes in conditions with as much as 25dB (a
factor of 300) signal attenuation or blockage. Traditional
GPS technology can have difficulty acquiring signals
when the attenuation exceeds 5-10 dB. This signal
sensitivity improvement allows SnapTrack™-enhanced
GPS to opcrate 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 Time-To-First-Fix. Traditional GPS receivers
require from 30 scconds to several minutes to acquire and
track satellites. depending upon how much information
thcy have previously gathered. In worst case
environments, the SnapTrack™ system provides u first fix
in just a few seconds. In open-sky situations. the fiest fix
can be performed in less than a second.

Y. Low power dissipation. SnapTrack™ technology
performs Location On Demand. using a snapshot of data
(typically 0.1 to | sccond. depending on sensitivity
required). and then turns oft, The entire location operation



takes only a few scconds for a “cold start™ in a hecavily
blocked signal cnvironment, and is significantly faster if
princ information (<uch as focal ascillator offset) is known
or signal strength is high (> 135dBm). Thus. in those
applications which do not require continuous high-rate
positioning. the low duty cycle SnapTrack™-cahanced
GPS receiver dissipates a small fracthion of the power ol
the communication device (e.g.. a portable handset) with
which it is mated.

CONVENTIONAL GPS

A GPS user positioning system can be broken into four

primary functions:

{1} determining the code phases (pscudoranges) to the
various GPS satellites.

{ 2 )determining the time-of-upplicability for the
pscudoranges,

(}) demodulating the satellite navigation message. and

(4) computing the position of the receiving antenna using
these pscudorunges. timing. and navigation message

data.

Most commercial GPS receivers perform all of these
operations without any cxternal assistunce.  In thesc
conventional receivers. the satellite navigation message.
and its inherent synchronization bits, are cxtracted from
the GPS signal after it has been ucquired and tracked. But
collecting this information normally takes thirty scconds
to several minutes. Also, a high received signal level
{approximatcly -135dBm or greater) is required from all
satellites to be used in the navigation solution for the I8
sccond duration of subframes |-3.

DISTRIBUTED SYSTEM CONCEPT

The SnapTrack™ server-aided system architecture
distributes the four primary functions described above
between a GPS reference receiver. a location server, and a
wircless GPS-enabled device (later referred to as a
handsct.) The basic system modcl is described in Figure

A GPS rcference receiver gathers navigation message and
differcatial correction data for all satellites in view. In

another system configuration, the GPS reference receiver
may be replaced by a network of reference receivers to
provide coverage for a wide arca. such as the continenty)

LS.

The lucation server receives and stores data from the GPS
relerence revever {ur network ), provides aiding data to
mobile units. and performs navigation solutions upon
reccipt of pscudorange measurements from the handset.

The aiding data. sent to cach handset on-demand. is
gencrally a list of sartellites in view from the handset and
their relative Doppler offsets. (Estimated Doppler can be
improved by using the location of the base station
communicating with the hand-held device as an
approximate handset location.) This small message
{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 server also has aceess 1o a terrain elevation databasc.
This allows it to perform accurate altitude aiding for
ground-based apphications, a capabiinty that 1s impracucal
if the navigation solution is porformed at the mobile. The
terrain eclevation provides essentially an extra range
measurcment, improving reliability and accuracy.

The server is able to mitigate multipath and reflected
signal effects using a scquential mcasurement
optimization {SMO} technique. The server also handles
cross-correlations from strong signals onto the PRN codes
of weaker satcllites. as well as correcting for atmospheric

delays.

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

The wircless GPS-enabled device can track far weaker
GPS signals than 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 accurately finding these wcaker signals
requircs a powerful signal processing element to search
over the Jarge number of PRN codes, times-of-arrival, and
offset frequencies (due to Doppler errors and locul
oscillator frequency errors). The DSP-bused process for

determining pscudoranges is deseribed luter in this paper.

CONVENTIONAL GPS CORRELATION
TECHNIQUES

Caonventional GPS receivers use correlation methods to
compute pscudorange. A classic hardwarc corrclator-
based receiver multiplies the received signal by a stored
{or generated) replica of the appropriate PRN code and
then integrates, or lowpass 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
modc 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. At this point, the navigation message
may be rcliably demodulated if received signal strength is
above approximately -135dBm for the duration of the

message being received.

The conveational acquisition process is very time
consuming, especially if reccived signals are weak., To
improve acquisition time. most GPS receivers utilize a
multiplicity of correlators (nominally ~36 for a 12-
channcl receiver), which allows a parallel scarch for
correlation peaks as a function of timc-of-arrival. PN
code. and frequency offset. Recently, massively paratlel
corrclators (on the order of 240) have becen used to
improve acquisition speed and sensitivity. In cxcess of

8000 corrclators would be required to match the speed
and sensitivity of the SnapTrack™ server-aided GPS fast
convolution processing technique. And the processing
specd or this technique will improve as DSP technology

advanees,

HANDSET ARCHITECTURE

Figure 2 is a “handsct view™ of the SnapTrack™ server-
aided GPS system. Note that the conventional tracking
loops are replaced by snapshot memory and fast
convolution processing.

At the request of either an external application, or the
handset uscr. the server sends tnformation 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 measurcments
to the server, along with other statistical information.
This snapshot approach allows the handset to gather GPS
data when it is not transmitting, thus eliminating potential
self-interference.

Each of the mcessages between the handset and the
location server is small (50-100 bytes). This represents a
significant reduction in required communications
bundwidth when compared to delivering differential
corrections. almanac. ephemeris and/or satellite trajectory

data (o the handset.
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Figure 2 Block diagram of DSP-bascd GPS processing

system

FFT-based fast convolution tecchniques provide higher
sensitivity and faster acquisition speed by performing a
lurge number of FFT operations together with special pre-
and post-processing operations [1]. ft is expected. in a
woint-case exampic, et pscudorange in the DSP will
coquire approvimate!y 8 oseconds, with much faster
performyunce m situations with higher (> -135dBm) sigaal
strength or DSP speed.

In the system described in Figure 2. received data is
down-converted to a suitably low (~2MHz) intermediate
frequency. digitized and stored in a buffer memory. This
data is then operated upon using a programmable DSP IC.
Unlike continuously tracking hardware corrclator-based
receivers, this “snapshot™ processing technique is not
subjcct to the fluctuating signal levels and changing
nature of the signal environment.

Each received GPS signal (C/A code) is constructed from
a high rate (I 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 ratc data,
transmitted from the satellite at 50 baud. AHN of this data
is received at a very low signal-to-noise ratio as measurcd
in a2 MH7z bandwidth. 1I the carrier frequency and all
data rates were known to great precision, and no data
were presenl. then the signal-to-noisc ratio could be
greatly improved by summing successive frames. For
example, there are 1000 C/A code cpochs over a period of
I second. The first such cpoch could be coherently added
to the next. the result added to the third. etc. The result
would be a signal having duration of 1023 chips. The

phasing of this sequence could then be compared to a
local reference sequence to determine the relative timing
hetween the two. thus establishing the pseudorange.
Doppler and local oscillator uncertainty complicate H;is
process. The server reduces these uncertaintics by
providing Doppler estimates.
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The above process is carried out scparately for each
satellite in view from the same sct of data in the snapshot
memory, since, in gencral. the GPS signals from different
satellites have difterent Doppler frequencics and the PRN
patterns differ from onc another.

The presence of 50-baud data superimposed on the GPS
signal limits the coherent summation of C/A codc epochs




to a period of 20 mscc.  That is. at most 20 one-
millisccond-long epochs may be coherently added before
data sign inversions prevent further coherent summation
tunless this data is provided by the server). Additional
processing gain may be achieved through summation of
the magnitudes (or squares of magnitudes) of the
coherently summed intervals, providing the sensitivity
and accuracy shown in the curves of Figures 4 and 5.

A cabhrated «<ingle-satelite GPS simulator and &
demonstration system designed by SnapTrack'™ were
used to experimentally verify the performance predicted
in Figure 4. The 20-meter accuracy predicted by Figure 5
with a [-sccond snapshot and -150dBm signal strength
was ilso demonstrated in later ficld testing.
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FIELD TEST RESULTS

The SnapTrack™ demonstration system was used
exteasively for ficld tests designed and audited by
independent wireless carriers. Environments ranging
from open sky to in-vehicle, indvor and urban canyon
were investigated.

Table | summarizes test results from seven test locations
visited over the pust year. Thesc selected results are
representative of a much broader range of tests.

The test sctup consisted of a 12-channel reference
receiver transmitting reference data to a PC-based
location server. which communicated with a SrapTrack™
sensor via modem over an analog cellular phone
connection. The SnapTrack™ sensor used an off-the-
shelf active patch antenna. and a long cable. which
allowed testers to place the antenna in hard-to-reach
places. Preliminary results indicate similar performance
with a "micro-helix™ passive antenna. which is more

suitable for handset integration{2].

Environment Conditions Yield | 68.3%
Horizontal
Error
Qutdoors Opecn site 100% | 4 meters
100% | 1S meters

Urban Street, Shinbashi, Tokyo

2-10 story buildings. narrow streets and alleys

Inside Sport Utility Vehicle

Puarking lot surrounded by red wood trees and two-story
buildings. Antenna placed on inside shouider

100% | |7 meters

100% | 20 meters

Two Story House Center of basement

Twao-Story Office Building 1™ floor. interior room 945 | 22 meters

Urban Canyon, Denver. CO 20-30 story buildings, wide streets, altitude aided 98% [ 29 meters
84 meters

50-Story Building

Glass/Steel building., 21 floor, 14 [t from outside wall 89%

TFable | Ficld test results summary

The system was operated such that no information was
carried over for cach successive sample. Thus. cach

suceessive snapshot can be considered an independent
“first fix.” A more detailed description of each location
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Figure 6¢ Satellites tracked by SnapTrack sensor and
conventional hand-held

‘Test location: one-lane urhan road

A Japancse wircless carrier selected the site depicted in
Figure 6a to represent a fairly typical Tokyo environment.
The antenna was placed approximately 3 feet above the
ground on the side of a one-lanc road. surrounded by 2-10

story buildings.

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

Results in Figure 6¢ show the conventional receiver
tracking 14.3% of the satcilites in view over the data
collection period. while the SnapTrack handset was able
to acquirc 65.3% of satellites on “cold starts™ throughout
the data collection interval.

Test location: sport utility vehicle

Figure 7a shows one of several test vehicles used in
SnapTrack™ 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

sinilar to that observed in most indoor tesis.
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Test location: bausement of two-story residence

V.S West selected the house in Figure 8a as a sample

rexidence v ehe Densoeaee . As Shown in Figure 8b. the
anteang was placed in the center of the basement. (The §-

wall analcg phone lnad o be placed cutade to maintain

enough signal strength tor data connectivity.) Figure 8¢

shiows sysiem perdormance m tis focation,

Figure 9a Two-story brick building. interior first floor
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Figurc 9b Shot pattern. first floor interior room

Test Location: Two-story office building, interior
Figure 9 shows the locatien and results of this testin g
two-story commercial brick building. Asexpecred. the
accuracy is comparable to most residential locations. The

iest equipment was placed in an interior first-floor room.

Test location: urban canyon

Figure 10a illustrates a somecwhat typical downtown
environment. Figure 10b and Figure 10c 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 cnvironments. altitude aiding is very
important. improving satcllite geometry. as well as
providing a rcliable cxtra measurement in the navigation

solution.

Figure 10a Urban canyon. downtown Denver
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Test Location: 50-Story Glass/Steel Building, 21*
floor, 14 feet from outside wall

Figure I 1u illustrates a signal environment with poor
signal strength und long multipath. In previous tests.
cither the signal strength cand therefore often the
geometry) or path length differences were poor. In this
case. 14 fect from the outside wall on the 217 floor of this
building. both problems were cvident. creating greater
position biases due to reflecuons trom a south-facing

butlding. as shown in Figure 11h.

Figure | Ib Shot pattern. inside 50-story building

Denver E-911 Trial

SnapTrack™ provided the enabling GPS technology for a
recent end-to-end wireless E-911 trial conducted in the
Denver arca. Figure 12 is a good illustration of how the
SnapTrack™ distributed system architecture cun be used.

For this demonstration, a single reference receiver
provided reference information to a location server. The
SmapTrack™ senvor was programmed with the Mobile
Idenutication Number tMINY of an accompanying digital
phoue, so that their separate calls could later be matched
by the SignalSoft Service Control Point (SCP). (In this




case, the analog phone provided communication services to the SnapTrack sub-handset and the digital phone
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Figure 12 Denver E-911 trial system

provided EV1 L functionality.) Whea the mobilc user

placed a call to the Public Safcty Access Point (PSAP). R

the twn pieces of information were combined into a single ) el

call by the SCP when prescating the information to the ‘Cowntown: Dervear

SCC database. This database provided call routing ST

instructions for the digital cell phone’s 911 voice call. The :':-._

SCP was able w determine which PSAP should receive £ )

cach call using the location information from the T

LocationServer and a digital map of PSAP coverage a1k

boundaries. The SCC ANI/ALI database also provided B 3:,‘

the handsct location to the sclected PSAP. pin-pointing *a.c\ PR

the caller location on a GIS map display. E;th"‘s;", A b
ninperde-thirgtfix, 7 o g e

Figure 13 shows results from driving through an urban Fui.gur.:' ” Driv};g 0:’[ of unﬁfgny :L

canyon in downtown Denver. The small clusters of points
in Figure 13 are located near 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

SnapTrack™ scrver-aided GPS improves upon
convenrtional GPS performance by sharing processing and
datahase funcuons between the maobile GPS
recciver/processor (the client) and a remote infrastructure
{the server and reference network). The result is a highly
sensitive. cost-cffective. low -power. GPS receiving
system that provides first fixes in a few seconds from a
cold start. even where conventional GPS is unworkabie or
unrcliable.

Audited ficld test results demonstrate accuracy of 3-100
meters (depending on degree of blockage). which is
substantially better than the 125 mcters required by the
recent FCC E911 mandate. even in severe blockage and
multipath environments.
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