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TruePosltlon Test Report

1. Introduction

C 2001 AT&T WI....... Services. Inc.

In an effort to prepare far compliance with Federal Communications
Commission Docket #94-102 rqarding Phase II Enhanced 9-1-1,
AT&T Wireless is endeavoring to review and consider alJ potential
technical options. In some cases, lab testing and/or field trials are
being conducted to allow AWS technical teams to learn more about the
various technologies and determine whether they can both meet the
Commission mandate and AWS' own internal standards for customer
service and network quality.

TruePosition, a network-based Phase II technology vendor, was
selected for a field trial in the Redmond, WA area. The vendor
installed a Mobile Station (MS) location system in seven cell sites
intended to provide latitude-longitude locating infonnation of signals
of interest accessing a control channel on the AWS wireless system.

In order- to demonstrate compliance with the FCC mandate, network­
based technology solutiom are required to provide an accuracy of 100
meters 67% ofthe time and 300 meters 95% ofthe time.

The testing focused on accessing the accuracy requirements. This
document provides the test results from the perfonnance and operation
of this trial.

1.1. Trial Objectives

The objective of this trial was to get a basic Wlderstanding of the
capabilities ofthe TruePosition technology. The major emphasis for
the tests are:

• Learn the issues associated with the installation process

• Understand the initial configuration and optimization issues

• Understand the limitations oftbe coverage

• Understand the accuracy ofthe covered areas

• Estimate the manpower requirements for maintenance and
operation

AT&T PROPRIETARY Phase II E-911 Locallon Technology Tr1a/
Use pursuant to Company instn.Iction. 10315 Rev. 1.0 03/2312001
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No Detwork: element testing or system load testing was accomplished
(or was intended) other than the functionality of those network
elements necessary for the calculation of mobile position.

1.1.1. Trial Anaa Demonstretton

TruePosition and AWS teams met to determine an appropriate
coverage area in which to conduct the trial with the following goals:
The TruePosition and AWS teams met to determine an appropriate
coverage area in which to conduct the tri~ with the following goals:

• A number ofcell sites large enough to yield meaningful test
results and meet trial objectives, but small enough to be
manageable for a relatively small technical team

• A wireless enviromnent representative ofmost areas covered by
the AWS network nationwide (but not an abnormally
challenging RF environment)

• Geographically located close to AWS' technical team
headquarters and lab facilities

The two teams jointly agreed to conduct the trial utilizing seven cell
sites in the Redmond, WA area. The sites were mainly sectorized (one
omni-directional site) 850 MHz, IS-136 and analog, relatively low
power base stations in a mature (fully build-out) wireless environment,
including two rooftop installations and five monopoles (approximate
height 120 ft.).

2. Test Philosophy
The main object of the testing is to determine the accuracy of the
TruePositioD system. Currently, the FCC has not mandated how or if
the accuracy will be tested. For the purposes ofthis trial, AWS
addresses accuracy testing via methodologies:

• Define a set of known test points and perform a number of tests
from those points

• Drive the area in question using a known reference such as a
OOPS receiver.

Phase" E-911 location Technology Trial AT&T - PROPRIETARY
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There are advantages and disadvantages ofboth philosophies. Testing
at a known location is simpler to test and it is easier to calculate
results. A disadvantage of testing at a known location is that the testing
does not cover all areas well and it does not constitute a variety ofreal
life environments.

Drive testing covers the test area and constitutes more ofa real life
environment but it is more complicated to calculate results. Both test
philosophies were perfonned.

3. Test SeI-Up
The test set-up was composed of the following equipment:

• TEMS software

• TEMS Ericsson KH688 mobile

• Gannin GPS ill Plus

• GBR 21 Differential GPS receiver

• Motorola Microtac mobile (analog only)

• Nokia 6160 mobile

The equipment was mounted inside the vehicle except for the GPS and
DifferentiaJ GPS antenna. The mobiles were located above the dash
inside the vehicle. The TEMS software was set to make a call every
ten seconds. The other mobiles were manually dialed. Three variations
of tests were perfonned:

• Stationary tests using the TEMS. Nokia and Motorola mobiles
(two digital, one analog)

• Drive tests using the TEMS mobile

• Indoor tests using Nokia 6160

TruePositions published coverage area for the test area is shown in
Figure I. The drive tests were designed to cover this area. The
predicted coverage is based upon simulation results, where:

6 AT&T - PROPRIETARY Phase II E-911l.oc8tlon Technoklgy Trial
Use pursuant to Company insInlctions 10315 Rev.1.0 03123/2001
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• Green area has average expected location accuracy of less than or
elJual to 100 m.

• Blue hus expecTed location accuracy of mon: than or equal to 100 m.

• While has ;j\erage expected location accuracy more than 1000 m.

Figure 1. Predicted Coverage Based on TruePosition Simulation
Results

\'"Ie' [1l1,Po'ltl'lll -:akulat,d high ellntJdencc all'<j'. uf loeotions based upon RF simulation tools. These tools
"'c'd lell;'''l d.llJ ;Jlld l'~'11 ,Ill' IUl'atlOllS to dC(l'mlllle the high confidence areas AlIlests were performed inSide
I IICPOSlllllJ)' S con fldence an.'a, with separalt' til: \ es performed tn distingUIsh differences

The following test cases were performed:

• Known lest pOIll{S (South area)

• Known test p0ll11s plus dri\"e tests (South area)

D"a"e II E·Sj", 1 '-.ocal,on Technology Trial
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4. Test Issues

<£>2001 AT&T Wireless Services, Inc.

• Dnve lest (South area)

• Drive tcst (!\nrth area)

• In-huilding test

The following arc iS~lles that arose during the trial.

4.1. Site Connectivity

Innially. there were a number of connectivity issues that slowed the
process of installmg the TruePosition equipment both into the sites and
into lah. Below IS a summary of the hurdles that were addressed:

• DSO at the cell sile .~ There is no casy way to get a DSO from the
n:ll site Tis [hat \...·ere already installed (other than a Frame

Relay connection).

• Local interconnect set-up - GTE was slow in getting TI
connectivity to each site.

• TruePosition interconnect design .- The TruePosition design did
not accommodate different interconnection options, i.e., no
(",SUI' DSll functionality, Frame Relay, Ethemet or IP support.

4.2. RF Connectivity

The cell sites were surveyed to use the available multicoupler ports on
the Ericsson base statIOn equipment. These ports are considered the
most accessihle ports on the Ericsson base stations, i.e., most sites
have an available Illultlcoupler port. During the trial it was detemlined

that these ports did not h3\c enough gain to meet the TruePosition
reCel\"c[ requircmcllIs (galll =.. +5.5 dB). TruePosition reconnected to

tht.: hIgh gain ports \vhcrc available (these ports are typically reserved

la, addi lron«.ll cabll1cts L A Iso. TruePosition changed their receIver

hardware to compensate for lower gain.

8 AT& T - PROPRIETARY
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4.3. RF Design

TruePosilion lIsed a I1llmber ofGDOP plots to indicate the coverage of
their system The initial plot did not take terrain into account. The
subsequent plots induded terrain data. but TmePosition has raised
questions regLlrding the accuracy ofrhat data.

4.4. Beta Equipment

Since the TruePosition equipment used for the lrial was still inBeta.
there were continual updates being made. In fact. during the t\\io-week
lnaL TruePoSltlOIl implemented at least one new software update and
one new hard\\arc update that did not get into the test. During the few
months TrucPosilJon had Installed hardware. there were four major
software le\isioJI~ and IWO major hardware revisions.

4.5. RF Environment

TruePosilion indicated its belief that the RF envirollment in the test
area was "very rough." indicated by measured interference at some
sites which sl1o\'\:co signi ficant interference from transmitters such as
Nextel. and has noted that the terrain in the Redmond area is not
conducive to good accuracy measurements. However. there is no
evidence that the Redmond area wireless system is more problematic
than any other mature wireless network. and the FCC do not allow for
reduced accuracy rcrfonnance based on terrain.

4.6. Control Channel
Although a malonty of the calls were located. it was noted that a small
percentage (- :,u o)were unable to get a location. Also. a number of the
calls \vcre located hur the confidence level of the calls was low.

4.7. Equipment Maintenance

The A WS technicaltearn's general impression about maintenance was
the ctjuipmem was very unstable and challenging to maintain.
Componellt outages appeared extremely common and replacement of
several of the TLPs and a number of SCSs was necessary.

9
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4.8. Equipment Installs

The cell site Jllstallat Ions went fairly smooth. Installations proceeded at
about t\\O a day (lltill/mg one A WS technician and two TruePosition
personnel). The install in\olved mounting hardware into the racks.
mountlllg an outdoor GPS antenna. and connecting to the RF receive
pons. pO\ver and T lOne RF connectIOn was installed improperly and
later fixed

4.9. Conclusions

Test results are s1I111I11anzcd in Table I below.

Table 1. Summary of Test Results

Test Case 67

KllOl\ !lleSI pomrs
---

Drl\ c' pili!> km,wn [",~t points

In-buIldmg leSI
-----

require

1166--
I

37)

. 299

% (FCC 9S% (FCC

ment 100 m) requirement 300 m)

810

833
--.---

965
--". .._----_ .. _. .. '--

1226

448
--

The following conclusions have been drawn from the trial results:

• The trial an.;d n:presented a typical real-world operating
environment representative of A WS' national network.

• The techllolo~\ tested in this trial failed to meet FCC accuracy
requirements tilT a network-based location system.

• The technology. \vhcn testcu was in Reta stage, required a high
level ofmaintcnancc. tuning and optimization. Reliability in a
larger scale implementation and system stability overall appear
ltl he major issues.

• The TruePosltlUI1 and AWS trial teams. despite cooperative
efforts over Ll period of weeks, were unable to detcnnine short­

tcnllfixes to 5uhstantiafly improve accuracy perfonnance.

-10--------.. ----- ..------·-----A:::T;:-:&::T-:-----:P::-:R::-:O::-:P::-:R~I=ET=A:-:R~Y---------------­
Phase" E-911 Location Technology Trial

Use pursuant tn r:nJ"'lpany Instructions 10315 Rev. 1.0 03!2312001



1-

•

m
x
::r
g
o



AT&T Wireless Services, Inc.

Grayson E-911 Trial
Technical Summary

E-911 Location Technology Trial

Document Number 10427
Revision 1.0

ReYision Date 0312312001

This docunlent contains trade secrets and proprietary
information of AT&T Wireless Services, Inc. No use
or disclosure of the infonnation contained herein is
pernlitted without prior written consent.

Technology Development Group
AT&T Wireless Services. Inc.
PO Box 91061
Rectmond, WA 98013



© 2001 AT&T Wireless Services, Inc.

All rights reserved.

Contents

1. Overview _ 4

1.1. Introduction _ 4

1.2. Trial Objectives 4

2. Summary Analysis 5

2.1. Test Environment _ 5

2.1 .1. Trial Area 5

2.1.2. Test Philosophy 6

3. Testing Issues _ 6

4. Conclusions 8

5. TOG Recommendations _ Error! Bookmark not defined.



© 2001 AT&T Wirele.. services, Inc.

Tables

Grayson E-911 Trial Technical Summary

Table 1 Summary of Results 8

E-911 Location Technology Trial
10427 Rev. 1.0 ()312312OO1

AT&T - PROPRIETARY
Use pursuant to Company insl7uctions

3



Grayson E-911 Trial Technical Summary

1, Overview

1.1. Introduction

@2oo1 AT&T Wireless Services, Inc.

In M1 effort to prepare for compliance with Federal Communications
Commission Docket #94-102 regarding Phase II Enhanced 911, AT&T
Wireless is endeavonng to review and consider all potential technical
options. In some cases, lab testing and/or field trials are being
conducted to allow AWS technical teams to learn more about the
various available technologies and detennine whether they meet the
FCC's mandate and AWS' internal standards for customer service and
network quality.

Grayson Wireless. a network-based Phase II technology vendor, was
selected for a field trial in the Redmond, WA area. Grayson's network­
based solution is called Geometrix. The vendor (Grayson) installed
pre-production Wireless Location Sensor (WLS) devices in seven
Redmond area ce)) sites.

Grayson's WLS provides Time Distance of Arrival (TDOA)
measurements on TDMA and AMPS voice channels. The TDOA
measurements are processed by Grayson's Geolocation Control
System (GCS) to detennine the latitude and longitude of the desired
mobile. The GCS for this trial was located in the lab area at AWS'
Redmond Town Center Building 2.

In order to comply with the FCC mandate, network-based technology
solutions are required to providt: a location accuracy of 100 meters
67% of the time and 300 meters 95% of the time.

AWS testing focused on accessing the accuracy and functionality of
the Position Determining Equipment (PDE).

1.2. Trial Objectives

The objective of this trial was to get a basic understanding of the
capabilities of Grayson's Geometrix technology. The major emphasis

4 AT&T - PROPRIETARY
Use pursuant to Company instructions
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of the tests were to understand:

Grayson E·911 Trial Technical Summary

• The WLS and GCS installation process

• Initial configuration and optimization

• Coverage and accuracy limitations

• How to estimate the manpower requirements for installation

No network element or system load testing was intendedfor this trial,
other than the nmctionality of those network elements necessary for
the calculation of mobile position.

2. Summary Analysis

2.1. T_t Environment

2.1.1. Trial Area

The first PDE trial was with True-Position. True-Position and AWS
teams met to detennine an appropriate coverage area in which to
conduct the trial with the following goals:

• A number of cell sites large enough to yield meaningful test results
and meet trial objectives, but small enough to be manageable for a
relatively small technical team.

• A wireless environment representative of most areas covered by the
AWS network nationwide (but not an abnormally challenging RF
environment).

• A test bed located near the AWS' technical team headquarters and
lab facilities.

The two teams jointly agreed to conduct the trial utilizing seven ceII
sites in the RedmoIld, WA area. The sites were mainly sectorized
(one.omni-directioIl31 site) 850 MHz, lS-136 and analog, relatively
low power base stations in 3 mature (fully built-out) wireless

E-911 Location Technology Trial
10427 Rev. 1.0 0312312001
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environment, including two rooftop installations and five monopoles
(approximate height 120 ft.).

For consistency in comparing test results, the Grayson trial used the
same sites as the True-Position trial.

2.1.2. Test Philosophy

The main object of the testing was to detennine the accuracy of
Grayson's Geometrix System. Currently (in), the FCC has only
suggests how accuracy measurements will be tested and reported.

For the purposes of this trial, AWS addresses accuracy testing via the
following methodologies:

• Define a set of known test points and perform a number of tests from
those points.

• Drive the area in question using a known reference such as a D-GPS
receiver.

Both test philosophies were performed for the Grayson Trial in
Redmond.

3. Testing Issues
• This trial was conducted with pre-production two channel TDOA
WLS units (TDOA-2). The pre-production hardware only supports 850
MHz at this time.

• The seven Redmond area sites used for the Grayson trial were legacy
sites from the previous True-Position Trial. No coverage or drive test
infonnation for the Redmond area was supplied to Grayson for
analysis with their modeling tool. As a result, some areas driven were
outside the Geometrix service area. This will not be a problem in
Denver because of the market design procedure detailed in Section 4.

• There is no portable test platform available at this time to conduct in­
building and walking location testing.

6 AT&T-~ARY
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• Grayson WLS and GCS equipment downtime because of the
following:

- V.35 software driver problems at all sites that required aT-Ito
Ethernet router (Lucent Pipeline) to be installed at each site. This
problem will be corrected prior to Denver trial.

- Interconnect fai lure (T-1) at Bridal Trials. GTE repaired T-] the next
day.

- GPS antenna failure at DT Redmond. Grayson replaced the antenna
the same day.

- Incorrect framing out ofLab DACS. Delayed start oftesting by one
to two weeks.

- Several resets of the GCS (Sparq Work Station) were required
because ofa failure to reboot after new software was uploaded. This
problem has not returned, Grayson indicated that the lock-ups were
because of mi!;takes on its end.

E-g11 Lccation Technology Trial
10427 Rev. 1.0 0312312001
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4. Conclusions

Overall test results are summarized in Table I.

Table 1 SummaTY of Results

Test Cue 678
/ 0 (FCC requirelDent of 95% (FCC requirement of
within 100 meters) within 300 meters)

TDMA Stationary 164 258

AMPS Stationary 211 330

West Redmond TDMA Drive 245 474

North Redmond TDMA Drive 424 771
---

West Redmond TDMA Drive 570 1012

North Redmond TDMA Drive 855 1624

The foJIowing conclusions have been drawn from the trial results:

• The trial area represented a typical real-world operating environment
representative of AWS' national network.

• The technology tcsted in this trial failed to meet current FCC
accuracy requirements for a network-based location system.

• The technology tested in this trial was in Beta stage; accuracy
improvements expected with future enhancements merit further
testing.

• The current equipment deployed in the Redmond Trial did not meet
the current FCC accuracy requirements. However, accuracy
improvements are expected with future enhancements like TDOA-4

8 AT&T - PROPRIETARY
Use pursuanllo Company instructions

E-911 Location TechnOlogy Tna'
10427 Rev. 1.0 0312312001



©2001 AT&T Wireless Services, Inc. Grayson E-911 Trial Technical Summary

and AOA WLS hardware. AWS should proceed with the Denver Trial
using pre-production TDOA-2, 4, and AOA.

E-911 Location TectwloIogy Trial
10427 Rev. 1.0 0312312001
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1. Purpose

@ 2001 AT&T Wireless Services, Inc.

This document provides a TDG technical summary of the testing
efforts and analysis that has been done regarding the E911 Grayson
Position Detennining Equipment (PDE) trial in Denver, Colorado.

2. Overview

2.1. Introduction

In an effort to prepare for compliance with Federal Communications
Commission (FCC) docket #94-102 regarding Phase II Enhanced 91 I,
AT&T Wireless is endeavoring to review and consider all potential
technical options. In some cases, lab testing and/or field trials are
being conducted to allow AWS technical teams to leam more about the
various technologies in order to detennine whether they meet the FCC
mandate and AWS internal standards for customer service and network
quality.

In 2000, Grayson Wireless, a network-based location technology
vendor, was selected as a finalist in an RFP process. Grayson's
Geometrix product comprises two pieces of hardware: a Wireless
Location Sensor (WLS) that provides Time Distance of Arrival
(TDOA) measurements on TDMA and AMPS voice channels, and a
Geolocation Control System (GCS). The TDOA measurements made
by the WLS are processed by Grayson's GCS to determine the latitude
and longitude of the desired mobile.

In order to demonstrate compliance with the FCC mandate, network­
based technology solutions are required to provide an accuracy of 100
meters for 67% of the calls and 300 meters for 95% of the calls.

The testing focused on assessing the accuracy and functionality of the
Position Detennining Equipment (PDE).
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