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(57) Abstract: A technique for designing and testing drive-test plan for gathering location- dependent RF data is disclosed. In
accordance with some embodiments of the present invention, one candidate drive-test plan is chosen for implementation over a
second based on an economic cost-benefit analysis of both plans. This is in marked contrast to, for example, a selection of drive-test
plans, or the design of a drive-test plan, based on a calibration-cost analysis, in which the data estimated to be the most effective
to calibrate a radio-frequency tool is sought for a given cost or the least cost. Although a data-estimated-to-be-most-effective-to-
calibrate-a-radio-frequency-tool vs. cost analysis is a species of cost-benefit analyses in general, it is not an economic cost-benefit
analysis because a data-estimated-to-be-most-effective-to-calibrate-a-radio-frequency- tool vs. cost analysis has deficiencies that an
economic cost-benefit analysis does not.
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Efficient Deployment of Mobile Test Units to Gather Location-

Dependent Radio-Frequency Data

Field of the Invention

[0001] The present invention relates to wireless telecommunications in general,
and, in particular, to a technique for efficiently deploying mobile test units to gather

location-dependent radio-frequency data.

Background

[0002] Figure 1 depicts a diagram of the salient components of wireless
telecommunications system 100 in accordance with the prior art. Wireless
telecommunications system 100 comprises: wireless switching center 101, network
operations center 102, base stations 103-1 and 103-2, GPS constellation 105, Internet
107, wireless terminal 111 and mobile test unit 112. Wireless telecommunications
system 100 provides wireless telecommunications service to wireless terminal 111
throughout geographic region 120, in well-known fashion.

[0003] The effective operation of wireless telecommunications system 100
requires a plurality of radio-frequency analysis tools that are calibrated using empirical
data from throughout geographic region 120. Whenever empirical data is needed for a
tool, a drive-test plan is designed and implemented which directs mobile test unit 112 to
various locations in geographic region 120. When the mobile test unit is at those
locations, it makes a measurement of the signals of interest. The data is then delivered
to network operations center 102 where it is used to calibrate the radio-frequency

analysis tool.

Summary of the Invention

[0004] The deployment of a mobile test unit to gather empirical radio-frequency
data is expensive, and the present invention deploys mobile test units without some of
the costs and disadvantages for doing so in the prior art.

[0005] In accordance with some embodiments of the present invention, a drive-
test plan is implemented which is chosen to satisfy, at least partially, the requests for
empirical data from a plurality of radio-frequency analysis tools. In some cases, this is
more economically efficient than a separate drive-test plan to satisfy each request. The
efficiency can arise not only when the deployment of the mobile test unit to one location

results in data for a plurality of requests, but also when there is no location where data
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can be obtained for a plurality of requests. The latter is especially true when the initial
and terminal costs for deploying a mobile test unit into the field are high.

[0006] In accordance with some embodiments of the present invention, one
candidate drive-test plan is chosen for implementation over a second based on an
economic cost-benefit analysis of both plans. This is in marked contrast to, for example,
a selection of drive-test plans, or the design of a drive-test plan, based on a calibration-
cost analysis, in which the data estimated to be the most effective to calibrate a radio-
frequency tool is sought for a given cost or the least cost. Although a data-estimated-
to-be-most-effective-to-calibrate-a-radio-frequency-tool vs. cost analysis is a species of
cost-benefit analyses in general, it is not an economic cost-benefit analysis because a
data-estimated-to-be-most-effective-to-calibrate-a-radio-frequency-tool vs. cost analysis
has deficiencies that an economic cost-benefit analysis does not.

[0007] First, an economic cost-benefit analysis, in contrast to a data-estimated-
to-be-most-effective-to-calibrate-a-radio-frequency-tool vs. cost analysis, ensures that
the economic value resulting from the drive-test plan exceeds the cost of implementing
the plan. This value can be determined with respect to the entity that is the ultimate
consumer of the data, to the entity designing the drive-test plan, to the entity that is
employed to gather the data, or to another entity.

[0008] Second, an economic cost-benefit analysis, in contrast to a data-
estimated-to-be-most-effective-to-calibrate-a-radio-frequency-tool vs. cost analysis,
provides a rational common-denominator for choosing a drive-test plan that seeks to
satisfy, at least partially, the requests for empirical data from a plurality of radio-
frequency analysis tools with different technical requirements for empirical data. This is
essential to the implementation of an economically-efficient drive-test plan that seeks to
satisfy, at least partially, the requests for empirical data that are discordant.

[0009] In accordance with some embodiments of the present invention, a variety
of factors are used to determine the cost of a candidate drive-test plan. These factors
include, but are not limited to,

i the cost of the mobile test unit(s) required for the plan; and

ii. the cost of the time required to complete for the drive-test plan;
and

iii. the cost of the personnel required for the drive-test plan; and

iv. the cost of lodging, meals, transportation, and logistical support for
the personnel required for the drive-test plan; and

V. the cost of a cost overrun as a function of the probability of the
cost overrun (e.g., 5%, 10%, 25%, 50%, 100%, and 200%, etc.)
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for the drive-test plan given uncontrollable factors (e.g., weather,
road closures, incorrect road maps, etc.); and

the cost of a completion delay as a function of the probability of the
delay (e.g., 5%, 10%, 25%, 50%, 100%, and 200%, etc.) for the
drive-test plan given uncontrollable factors (e.g., weather, road

closures, incorrect road maps, etc.).

[0010] In accordance with some embodiments of the present invention, a variety

of factors are used to determine the cost of a candidate drive-test plan. These factors

include, but are not limited to,

vi.

Vil.

viii.

an estimate of the likelihood that the signal of interest can be
isolated (e.g., decoded, etc.) from noise when a mobile test unit
visits each location of interest as proposed in accordance with the
plan; and

a characterization of the electromagnetic clutter at the frequency of
the signal of interest for each location to be visited by a mobile test
unit in accordance with the plan; and

a characterization of the terrain at each location to be visited by a
mobile test unit in accordance with the plan; and

a characterization of the population density at each location to be
visited by a mobile test unit in accordance with the plan; and

a characterization of the proximity of at each location to be visited
by a mobile test unit in accordance with the plan to a
transportation facility (e.g., highway, railroad, rail station, airport,
etc.); and

for each location to be to be visited in accordance with a plan, the
existence in RF data database 413 of a previous measurement of
the trait of interest of the signal of interest and the age of that
previous measurement; and

the fact that in accordance with the drive-test plan a measurement
of the trait of the signal will be made at location P and a location R.
The purpose of this factor is to reduce the benefit of drive-test
plans that comprise measurements at locations that are
superfluous.

the fact that in accordance with the drive-test plan a measurement

of the trait of the signal will be made at location P but not made at
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a location S. The purpose of this factor is to increase the benefit of
drive-test plans measurements that avoid gaps in coverage; and
iX. the fact that in accordance with the drive-test plan a measurement
of the trait of the signal will be made at location P but not made at
a location Q, the existence in RF data database 413 of a previous
measurement of a trait of a signal at location Q, the age of that
previous measurement, and the distance between the location P
and location Q.
[0011] Some embodiments of the present invention comprise: determining
whether to make a measurement of an electromagnetic signal at a location P based, at
least in part, on (i) an estimate of the likelihood that the signal can be isolated from

noise at the location P.

Brief Description of the Drawings

[0012] Figure 1 depicts a diagram of the salient components of wireless
telecommunications system 100 in accordance with the prior art.

[0013] Figure 2 depicts a diagram of the salient components of wireless
telecommunications system 200 in accordance with the illustrative embodiment of the
present invention.

[0014] Figure 3 depicts a block diagram of the salient components of network
operations center 202-/ in accordance with the illustrative embodiment, wherein j
{0, 1%}.

[0015] Figure 4 depicts a block diagram of the salient components of RF data
server 204 in accordance with the illustrative embodiment of the present invention.

[0016] Figure 5 depicts a flowchart of the salient processes performed in
accordance with the illustrative embodiment of the present invention.

[0017] Figure 6 depicts a flowchart of the salient tasks performed in accordance
with task 502.

[0018] Figure 7 depicts a flowchart of the salient tasks associated with task 603 in
accordance with the illustrative embodiment of the present invention.

[0019] Figure 8a depicts geographic region 220 partitioned into a 25 x 18 array of
B=450 two-dimensional locations.

[0020] Figure 8a depicts a detailed map of geographic location 220 that includes
all road information and, in particular, a map of the waypoints to which a mobile test
unit can be directed for a measurement by the mobile test unit and base stations 203-1-
1, 203-1-2, 203-2-1, and 203-2-2.
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[0021] Figure 8c depicts map of a first candidate drive-test plan in geographic
region 220, which comprises five chains.

[0022] Figure 8d depicts map of a second candidate drive-test plan in geographic
region 220, which also comprises five chains.

[0023] Figure 9 depicts a flowchart of the salient tasks associated with performing
a cost-benefit analysis of each candidate drive-test plan.

[0024] Figure 10 depicts a flowchart of the salient tasks associated with task 603
in accordance with an alternative embodiment of the present invention.

[0025] Figure 11a depicts an initial drive-test plan.

[0026] Figure 11b depicts the initial drive-test plan with the proposed addition of
location Z.

[0027] Figure 11c depicts the initial drive-test plan with the proposed removal of

location P.

Detailed Description

[0028] For the purposes of this specification, the following terms and their
inflected forms are defined as follows:
. The term “location” is defined as a zero-dimensional point, a one-

dimensional line, a two-dimensional area, or a three-dimensional volume.

[0029] Overview — Figure 2 depicts a diagram of the salient components of
wireless telecommunications system 200 in accordance with the illustrative embodiment
of the present invention. Wireless telecommunications system 200 comprises: wireless
switching centers 201-1 and 201-2, network operations center 202-1 and 202-2, base
stations 203-1-1, 203-1-2, 203-2-1, and 203-2-2, RF data server 204, GPS
constellation 205, Internet 207, wireless terminals 211-1 and 211-2, and mobile test
units 212-1 and 212-2, which are interrelated as shown.

[0030] Wireless switching centers 201-1 and 201-2 each comprise the hardware,
software, and personnel necessary to orchestrate the provisioning of wireless
telecommunications service to wireless terminals 211-1 and 211-2 and mobile test
units 212-1 and 212-2.

[0031] In accordance with the illustrative embodiment, wireless switching
center 201-1, network operations center 202-1, and base stations 203-1-1 and 203-1-2
are owned and operated by a first legal entity.

[0032] In accordance with the illustrative embodiment, wireless switching

center 201-1, network operations center 202-1, and base stations 203-1-1 and 203-1-2
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provide service in accordance with the Universal Mobile Telecommunications System,
which is commonly known as "UMTS.” After reading this disclosure, however, it will be
clear to those skilled in the art how to make and use alternative embodiments of the
present invention in which the service is provided in accordance with any one or more
air-interface standards (e.g., UMTS, Global System Mobile "GSM,” CDMA-2000, 1S-136
TDMA, IS-95 CDMA, 3G Wideband CDMA, 4G CDMA, IEEE 802.11 WiFi, 802.16 WiMax,
Bluetooth, etc.) in any one or more frequency bands.

[0033] In accordance with the illustrative embodiment, wireless switching
center 201-2, network operations center 202-2, and base stations 203-2-1 and 203-2-2
are owned and operated by a second legal entity that is in economic competition with
the first legal entity. It will be clear to those skilled in the art, after reading this
disclosure, how to make and use alternative embodiments of the present invention in
which wireless switching centers 201-1 and 201-2, network operations center 202-1
and 202-2, and base stations 203-1-1, 203-1-2, 203-2-1, and 203-2-2 are:

i. owned, or

ii. operated, or

iii. owned and operated
by:

i one legal entity, or

ii. a combination of legal entities that are in economic cooperation, or

iii. a combination of legal entities that are in economic competition, or

iv. a combination of legal entities that are not in either economic cooperation

or economic competition.

[0034] In accordance with the illustrative embodiment, wireless switching
center 201-2, network operations center 202-2, and base stations 203-2-1 and 203-2-2
provide service in accordance with the Universal Mobile Telecommunications System.
After reading this disclosure, however, it will be clear to those skilled in the art how to
make and use alternative embodiments of the present invention in which wireless
switching center 201-2, network operations center 202-2, and base stations 203-2-1
and 203-2-2 provide service in accordance with any one or more air-interface standards
in any one or more frequency bands.

[0035] In accordance with the illustrative embodiment, telecommunications
system 200 comprises two wireless switching centers, two network operations centers,
and four base stations that are owned and operated by two legal entities. It will be clear
to those skilled in the art, however, after reading this disclosure, how to make and use

alternative embodiments of the present invention that comprise any number of wireless
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switching centers, any number of network operations centers, and any number of base
stations. Furthermore, it will be clear to those skilled in the art, after reading this
disclosure, how to make and use alternative embodiments of the present invention in
which the wireless switching center(s), network operations center(s), and base station(s)
are owned and/or operated by any number of legal entities, in any combination of
economic cooperation, competition, or neither.

[0036] In accordance with the illustrative embodiment, wireless switching
center 201-1 and wireless switching center 201-2 are identical and are described in
detail below and in the accompanying figures. It will be clear to those skilled in the art,
after reading this disclosure, how to make and use alternative embodiments of the
present invention in which wireless switching center 201-1 and wireless switching
center 201-2 are not identical.

[0037] Network operations center 202-1 comprises the hardware, software, and
personnel to oversee and manage the operation of wireless switching center 201-1, base
stations 202-1-1 and 202-1-2 and the provisioning of service to wireless terminals 211-1
and 211-2 and mobile test units 212-1 and 212-2. Analogously, network operations
center 202-2 comprises the hardware, software, and personnel to oversee and manage
the operation of wireless switching center 201-2, base stations 202-2-1 and 202-2-2 and
the provisioning of service to wireless terminals 211-1 and 211-2 and mobile test
units 212-1 and 212-2.

[0038] In accordance with the illustrative embodiment, network operations
center 202-1 and network operations center 202-2 are identical and are described in
detail below and in the accompanying figures. It will be clear to those skilled in the art,
after reading this disclosure, how to make and use alternative embodiments of the
present invention in which network operations center 201-1 and network operations
center 201-2 are not identical.

[0039] Base stations 203-1-1, 203-1-2, 203-2-1, and 203-2-2 each comprises the
hardware and software necessary to communicates with wireless terminals 211-1
and 211-2 and mobile test units 212-1 and 212-2 via radio in well-known fashion and
with wireless switching centers 201-1 and 201-2 in well-known fashion. As is well known
to those skilled in the art, base stations are also commonly referred to by a variety of
alternative names such as access points, nodes, network interfaces, etc. Base
stations 203-1-1 and 203-1-2 are associated with wireless switching center 201-1, and
base stations 203-2-1 and 203-2-2 are associated with wireless switching center 201-2.

[0040] Base stations 203-1-1, 203-1-2, 203-2-1, and 203-2-2 are each capable

of:
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i. measuring all of the traits of all of the electromagnetic signals from mobile
test units 212-1 and 212-2 that it can receive (as described in detail
below) and of reporting the measurements to RF data server 204, and

iii. transmitting one or more signals to mobile test units 212-1 and 212-2 and
reporting the transmission parameters of those signals to RF data
server 204.

[0041] In accordance with the illustrative embodiment of the present invention,
base stations 203-1-1, 203-1-2, 203-2-1, and 203-2-2 are terrestrial, immobile, and
within geographic region 220. It will be clear to those skilled in the art, after reading
this disclosure, how to make and use alternative embodiments of the present invention
in which some or all of the base stations are airborne, marine-based, or space-based,
regardless of whether or not they are moving relative to the Earth’s surface, and
regardless of whether or not they are within geographic region 220.

[0042] In accordance with the illustrative embodiment, base stations 203-1-

1, 203-1-2, 203-2-1, and 203-2-2 are identical. It will be clear to those skilled in the
art, after reading this disclosure, how to make and use alternative embodiments of the
present invention in which some or all of base stations 203-1-1, 203-1-2, 203-2-1,
and 203-2-2 are not identical.

[0043] RF data server 204 comprises the hardware and software that orchestrates
the acquisition of radio-frequency data that is used by network operations centers 202-1
and 202-2 as described below and in the accompanying figures. In accordance with the
illustrative embodiment, RF data server 204 is owned and operated by a different entity
than those which own and operate wireless switching centers 201-1 and 201-2, but it
will be clear to those skilled in the art, after reading this disclosure, how to make and
use alternative embodiments of the present invention in which RF data server 204 is
owned and operated by the same entity that owns and operates a wireless switching
center.

[0044] The illustrative embodiment comprises one RF data server, but it will be
clear to those skilled in the art, after reading this disclosure, how to make and use
alternative embodiments of the present invention in which there are any number of RF
data servers.

[0045] GPS Constellation 205 is the collection of Global Positioning System
satellites in Earth orbit that transmit signals, in well-known fashion, that enable wireless
terminals 211-1 and 211-2 and mobile test units 212-1 and 212-2 to determine their

location.
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[0046] In accordance with the illustrative embodiment, wireless switching
centers 201-1 and 201-2, network operations center 202-1 and 202-2, base
stations 203-1-1, 203-1-2, 203-2-1, and 203-2-2, and RF data server 204, are
connected via the Internet 207, but it will be clear to those skilled in the art, after
reading this disclosure, how to make and use alternative embodiments of the present
invention in which the entities communicate via one or more different networks (e.g., a
local area network, a private network, the SS7 network, the Public Switched Telephone
Network, etc.).

[0047] Wireless terminal 211-1 comprises the hardware and software necessary
to be UMTS-compliant and to perform the processes described below and in the
accompanying figures. For example and without limitation, wireless terminal 211-1 is
capable of:

i measuring all of the traits of all of the electromagnetic signals that it can
receive (as described in detail below) and of reporting the measurements
to location-based services tool 308-1 within network operations
center 202-1 and,

ii. transmitting one or more signals and reporting the transmission
parameters of those signals to location-based services tool 308-1 within
network operations center 202-1 and,

iii. determining its position in accordance with the Global Positioning System
and reporting that position to location-based services tool 308-1 within
network operations center 202-1.

Wireless terminal 211-1 is primarily associated with wireless switching center 201-1 and
base stations 202-1 and 202-2, but can “roam” and use wireless switching center 201-2
and base stations 202-3 and 202-4. It will be clear to those skilled in the art how to
make and use wireless terminal 211-1.

[0048] Wireless terminal 211-2 comprises the hardware and software necessary
to be UMTS-compliant and to perform the processes described below and in the
accompanying figures. For example and without limitation, wireless terminal 211-2 is
capable of:

i measuring all of the traits of all of the electromagnetic signals that it can
receive (as described in detail below) and of reporting the measurements
to location-based services tool 308-2 within network operations
center 202-2 and,
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ii. transmitting one or more signals and reporting the transmission
parameters of those signals to location-based services tool 308-2 within
network operations center 202-2 and,

iii. determining its position in accordance with the Global Positioning System
and reporting that position to location-based services tool 308-2 within
network operations center 202-2.

Wireless terminal 211-2 is primarily associated with wireless switching center 201-2 and
base stations 202-3 and 202-4, but can “roam” and use wireless switching center 201-1
and base stations 202-1 and 202-1. It will be clear to those skilled in the art how to
make and use wireless terminal 211-2.

[0049] Although the illustrative embodiment comprises two wireless terminals, it
will be clear to those skilled in the art, after reading this disclosure, how to make and
use alternative embodiments of the present invention that comprise any number of
wireless terminals. Furthermore, it will be clear to those skilled in the art, after reading
this disclosure, how to make and use alternative embodiments of the present invention
in which any number of wireless terminals is primarily associated with wireless switching
center 201-1 and any number of wireless terminals is primarily associated with wireless
switching center 201-2.

[0050] Mobile test units 212-1 and 212-2 each comprises the hardware and
software necessary to be UMTS-compliant and to perform the processes described below
and in the accompanying figures. For example and without limitation, mobile test
units 212-1 and 212-2 are each capable of:

i. measuring all of the traits of all of the electromagnetic signals that it can
receive (as described in detail below) and of reporting the measurements
to RF data server 204, and

ii. transmitting one or more signals and reporting the transmission
parameters of those signals to RF data server 204, and

iii. determining its position in accordance with the Global Positioning System
and reporting that position to RF data server 204, and

iv. moving, under the direction of RF data server 204, to any location within
geographic region 220 (albeit in some embodiments with the assistance of
a human driver).

Mobile test unit 212-1 is primarily associated with wireless switching center 201-1 and
base stations 202-1 and 202-2, but can “roam” and use wireless switching center 201-2

and base stations 202-3 and 202-4. Mobile test unit 212-2 is primarily associated with
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wireless switching center 201-2 and base stations 202-3 and 202-4, but can “roam” and
use wireless switching center 201-1 and base stations 202-1 and 202-1.

[0051] Although the illustrative embodiment comprises two mobile test units, it
will be clear to those skilled in the art, after reading this disclosure, how to make and
use alternative embodiments of the present invention that comprise any number of
mobile test units. Although mobile test units 212-1 and 212-2 are identical in the
illustrative embodiment, it will be clear to those skilled in the art, after reading this
disclosure, how to make and use alternative embodiments of the present invention in
which some or all of the mobile test units are different. It will be clear to those skilled in
the art how to make and use mobile test units 212-1 and 212-2.

[0052] Geographic region 220 is partitioned into a 25 x 18 array of B=450 two-
dimensional locations, as depicted in Figure 8a. It will be clear to those skilled in the art,
after reading this specification, how to make and use alternative embodiments of the
present invention in which geographic region 220 is any size, any shape and is
partitioned into any number of zero, one, two, or three-dimensional locations.

[0053] In accordance with the illustrative embodiment, wireless switching
centers 201-1 and 201-2, network operations center 202-1 and 202-2, base
stations 203-1-1, 203-1-2, 203-2-1, and 203-2-2, RF data server 204, wireless
terminals 211-1 and 211-2, and mobile test units 212-1 and 212-2 are all within
geographic region 220. It will be clear to those skilled in the art, after reading this
disclosure, how to make and use alternative embodiments of the present invention in

which some or all of those entities are outside of geographic region 220.

[0054] Network Operations Centers 202-1 and 202-2 — Figure 3 depicts a
block diagram of the salient components of network operations center 202-/ in
accordance with the illustrative embodiment, wherein i € {0, 1}. Network operations
center 202-i comprises:

i. emergency services tool 301-/, and

ii. competitive analysis & capital planning tool 302-/, and

iii. propagation-model tuning tool 303-/, and

iv. commissioning tool 304-/, and

V. product trial tool 305-/, and

vi. RF planning tool 306-/, and

Vii. network optimization and troubleshooting tool 307-/, and

viii. location-based services tool 308-j,
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which are each connected to wireless switching centers 201-1 and 201-2, and RF data
server 204 via Internet 207.

[0055] Emergency services tool 301-i comprises the hardware, software and
personnel responsible for demonstrating that location-based services tool 308-/ is able to
locate a wireless terminal within its the requirements (e.g., FCC OET-71 for E-911, etc.)
for doing so. To accomplish this, emergency services tool 301-/ needs empirical data,
which it obtains from RF data server 204. In accordance with the illustrative
embodiment, emergency services tool 301-/ periodically or sporadically transmits a
request to RF data server 204 for empirical data, which is described in detail below and
in the accompanying figures.

[0056] Competitive analysis and capital planning tool 302-i comprises the
hardware, software, and personnel responsible for gathering empirical data so that the
owner/operator of the illustrative embodiment can perform competitive analysis and can
plan capital improvements. To accomplish this, competitive analysis and capital planning
tool 302-/ periodically or sporadically transmits a request to RF data server 204 for
empirical data, which is described in detail below and in the accompanying figures.

[0057] Propagation-model tuning tool 303-/ comprises the hardware, software,
and personnel responsible for maintaining and tuning the radio-frequency propagation
model(s) used by the owner/operator of the illustrative embodiment for planning
purposes. To accomplish this, propagation-model tuning tool 303-/ periodically or
sporadically transmits a request to RF data server 204 for empirical data, which is
described in detail below and in the accompanying figures.

[0058] Commissioning tool 304-i comprises the hardware, software, and
personnel responsible for gathering empirical data so that the owner/operator of the
illustrative embodiment can bring ensure the proper operation of new base stations and
newly sectorized base stations. To accomplish this, commissioning tool 304-/ periodically
or sporadically transmits a request to RF data server 204 for empirical data, which is
described in detail below and in the accompanying figures.

[0059] Product trial tool 305-i comprises the hardware, software, and personnel
responsible for gathering empirical data so that the owner/operator of the illustrative
embodiment can test new products. To accomplish this, product trial tool 305-i
periodically or sporadically transmits a request to RF data server 204 for empirical data,
which is described in detail below and in the accompanying figures.

[0060] RF planning tool 306-i comprises the hardware, software, and personnel
responsible for gathering empirical data so that the owner/operator of the illustrative

embodiment can perform RF planning of its system. To accomplish this, RF planning
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tool 306-/ periodically or sporadically transmits a request to RF data server 204 for
empirical data, which is described in detail below and in the accompanying figures.

[0061] Network optimization and troubleshooting tool 307-/ comprises the
hardware, software, and personnel responsible for gathering empirical data so that the
owner/operator of the illustrative embodiment can troubleshoot problems (e.g., dropped
calls, etc.) and tune the operation of the system. To accomplish this, network
optimization and troubleshooting tool 307-i periodically or sporadically transmits a
request to RF data server 204 for empirical data, which is described in detail below and
in the accompanying figures.

[0062] Location-based services tool 308-i comprises the hardware, software, and
personnel responsible for gathering empirical data so that the owner/operator of the
illustrative embodiment can locate wireless terminals 211-1 and 211-2 using RF
fingerprinting as taught in United States patent application serial number 11/419645,
filed 22 May 2006, entitled “"Estimating the Location of a Wireless Terminal Based on
Non-Uniform Probabilities of Movement” (Attorney Docket 465-038us), which is
incorporated by reference. To accomplish this, location-based services tool 308-j
periodically or sporadically transmits a request to RF data server 204 for empirical data,

which is described in detail below and in the accompanying figures.

[0063] RF data server 204 — Figure 4 depicts a block diagram of the salient
components of RF data server 204 in accordance with the illustrative embodiment of the
present invention. RF data server 204 comprises: processor 401 and memory 402,
which are interconnected as shown.

[0064] Processor 401 is a general-purpose processor that is capable of executing
operating system 411 and application software 412 in well-known fashion. It will be
clear to those skilled in the art how to make and use processor 401.

[0065] Memory 402 is a non-volatile memory that stores:

i operating system 411, and

ii. application software 412, and

iii. RF data database 413.

[0066] Operating system 411 performs the overhead functions, in well-known
fashion, that enable RF data server 204 to execute application software 412.

[0067] Application software 412 comprises the software that cultivates (e.g.,
populates, repairs, grooms, etc.) RF data database 413, as described below and in the

accompanying figures.
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[0068] RF data database 413 is a database that maps each of a plurality of
locations within geographic region 220 to one or more traits that are observable when a
wireless terminal is at that location. In other words, RF data database 413 associates
each of a plurality of locations with RF data measured by both a mobile test unit and a
base station when the mobile test unit is at the location. RF data database 413 is
described in detail below.

[0069] It will be clear to those skilled in the art how to make and use

memory 302.

[0070] Operation of the Illustrative Embodiment — Figure 5 depicts a
flowchart of the salient processes performed in accordance with the illustrative
embodiment of the present invention.

[0071] In accordance with task 601, RF data database 413 is formatted and
initialized by RF data server 204. In accordance with the illustrative embodiment, RF
data database 413 is a data structure that stores for each of the 450 locations in
geographic region 220:

i an estimate of the likelihood that each signal that can be received within
geographic region 220 can be isolated (e.g., decoded, etc.) from noise at
that location, and

ii. a characterization of the electromagnetic clutter at that location at the
frequency of each signal, and

iii. a characterization of the terrain at that location, and

iv. a characterization of the population density at that location, and

V. a characterization of the proximity of that location to each type of

transportation facility (e.g., highway, road, railroad, rail station, airport,

etc.), and
vi. the distance of location from each base station, and
vil. a detailed map for geographic location 220 that includes all road

information and, in particular, a map of the waypoints to which a mobile
test unit can be directed for a measurement by the mobile test unit and
base stations 203-1-1, 203-1-2, 203-2-1, and 203-2-2. This is depicted in
Figure 8b.
It will be clear to those skilled in the art how to obtain this information.
[0072] At task 602, RF data database 413 is cultivated as described below and in

the accompanying figures.
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[0073] Cultivation of RF data database 413 — Figure 6 depicts a flowchart of

the salient tasks performed in accordance with task 502.
[0074] At task 601,

i.

ii.
iii.
iv.
V.
vi.
vii.
viii.

iX.

emergency services tool 301-/, or

competitive analysis & capital planning tool 302-/, or
propagation-model tuning tool 303-/, or

commissioning tool 304-i, or

product trial tool 305-/, or

RF planning tool 306-/, or

network optimization and troubleshooting tool 307-i, or
location-based services tool 308-/, or

any combination of i, ii, iii, iv, v, vi, vii, and viii

periodically or sporadically transmits a request for empirical data to RF data server 204.

[0075] In accordance with the illustrative embodiment, each request comprises:

one or more technical requirements, and

an indication of the economic benefit of the requested data.

[0076] In accordance with the illustrative embodiment, the technical requirements

of a request comprise:

iv.

V.

an indication of the signals for which data is sought, or

an indication of the traits of those signals for which data is sought, or

an indication of the locations for which data is sought, or

an indication of any other constraints (e.g., time-frames for valid data —
either retroactively or proactively or both, etc.), or

any combination of i, ii, iii, and iv.

[0077] The indication of the locations for which data is sought can be specified as:

a list of specific locations (e.g., identified by location or latitude &
longitude, etc.), or

a qualitative recitation of desired locations (e.g., "measure at 38% of the
top 100 locations from which emergency calls are placed,” etc.), or

a combination of i and ii.

[0078] In accordance with the illustrative embodiment, the benefit of the

requested data comprises an indication of the economic benefit of the requested data.

This indication can be specified as:

an unitemized benefit for the requested data in bulk (e.g., "$5000,”

“*$3000 per month,” *$10 per measurement,” etc.), or
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i an itemized benefit for each specific location (e.g., "a measurement at
location #234 is worth $9.00,” "a measurement at location #523 is worth
$1.75," etc.), or

iii. an itemized benefit for groups of unspecified locations (e.g., “"any 5-to-24
of the requested 1000 locations are worth $100,” “any 25-to-100 of the
requested 1000 locations are worth $500,” “any 100-to-250 of the
requested 1000 locations are worth $2000,"¢etc.), or

iv. any combination of i, ii, and iii.

[0079] At task 602, RF data server 204 receives the requests for empirical data
transmitted by the tools in task 601 and accumulates them for processing once in
task 603 each day. It will be clear to those skilled in the art, after reading this
disclosure, how to make and use alternative embodiments of the present invention in
which RF data server 204 processes them sporadically or periodically at another interval.

[0080] At task 603, RF data server 204 generates once each day a plan that
attempts to economically satisfy both:

i the requests that have been received since the last performance of

task 603, and

i the requests that were received before the last performance of task 630
that remain partially or wholly unfulfilled.

Task 603 is described in detail below and in the accompanying figures.

[0081] At task 604, RF data server 205 directs the implementation of the plan
generated in task 603. In accordance with the illustrative embodiment, RF data
server 205 generates driving directions for each mobile test unit used in the plan and
transmits those directions to the driver of the respective mobile test unit. As each
mobile test unit moves in accordance with the plan, the mobile test unit and base
stations make measurements of the signals of interest:

i. periodically (e.g., once per second, etc.), plus

ii. at every waypoint, plus

iii. in every location through which the mobile test unit travels, plus

iv. at the nearest point in the chain to the centroid of each location of
interest.

[0082] RF data server 205 receives data from the mobile test unit and base
stations 203-1-1, 203-1-2, 203-2-1, and 203-2-2 and stores it permanently in RF data
database 413 for delivery to the tools and for use in designing and choosing other drive-
test plans. If a request arrives at RF data server 204 for that data, RF data server 204

need not necessarily make another measurement of that data but can send the tool the
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data in RF database 413. Task 604 is described in detail below and in the accompanying
figures.

[0083] At task 605, when the empirical data gathered in task 604 is transmitted
to the appropriate tools by RF data server 205 when it becomes available and has been
assimilated.

[0084] At task 606, the empirical data transmitted in task 606 is received by the

respective tools that requested the data.

[0085] Generate Plan to Gather Data for RF Data Database 413 — Figure 7
depicts a flowchart of the salient tasks associated with task 603 in accordance with the
illustrative embodiment of the present invention. An alternative technique for
accomplishing task 603 is described in detail below and in the accompanying figures.

[0086] At task 701, RF data server 205 generates a plurality of candidate drive-
test plans for gathering data for RF data database 413 that satisfy the cumulative
technical requirements received in task 602. In accordance with the illustrative
embodiment, each candidate drive-test plan comprises one or more chains. A chain is a
series of links to be driven by one mobile test unit in one temporally-continuous session
(e.g., a day, etc.). A chain is a drivable line of travel through a series of waypoints and
has a preferred start time and a preferred completion time.

[0087] When the number of waypoints is large and the number of available
mobile test units is large, the number of candidate drive-test plans cannot be
exhaustively enumerated in a reasonable amount of time. In these cases, the illustrative
embodiment uses heuristics, in well-known fashion, to generate a reasonable number of
drive-test plans with diverse characteristics. For example, Figure 8c depicts map of a
first candidate drive-test plan in geographic region 220, which comprises five chains.
The first candidate drive-test plan is summarized in Table 1 and proposes the use of two

mobile test units and three days of driving.
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Chain | starting waypoint | Moo Test | Frefered | Aneioates

a | gmmmen | s 2007~ | 19 Sept o0
) 08:00 AM )

oo | ammmen | e 2007~ | 19 Sept 2007
08:00 AM )

s il I 2007 | 18 Sert 2007
08:00 AM )

o | amEEEn | s
' 08:00 AM )

s | amEmon | e 2007 | 20t 2007
' 08:00 AM )

Table 1 — Summary of First Candidate Drive-test Plan

[0088] Figure 8d depicts map of a second candidate drive-test plan in geographic

region 220, which also comprises five chains. The second candidate drive-test plan is

summarized in Table 2 and proposes the use of three mobile test units and two days of

driving.

Chain | starting waypoint | MoblleTest | prefered | Anticipated

g sy | s 2007 | 18 Sert 2007
08:00 AM )

no | ammnE | e 2007~ | 19 St 007
' 08:00 AM )

& A B 2007~ | 18 Spt00”
' 08:00 AM )

| gz | s
' 08:00 AM )

s | ammEEn | e 2007 |19 Sept 2
08:00 AM )

Table 2 — Summary of Second Candidate Drive-test Plan

[0089] At task 702, RF data server 205 performs an economic cost-benefit

analysis of each of the candidate drive-test plans generated in task 701. Task 702 is

described in detail below and in the accompanying figures.




WO 2008/039631 PCT/US2007/077373
19

[0090] At task 703, RF data server 205 eliminates from further consideration any
of the candidate drive-test plans in which, according to task 702, the cost exceeds or
equals the benefit from implementing the plan or the budget for the plan. The purpose
of task 703 is to ensure that if resources are used, they are used in a way that is
profitable (i.e., the economic benefit of the information acquired exceeds the economic
cost of acquiring it). It will be clear to those skilled in the art, after reading this
disclosure, how to perform task 703.

[0091] At task 704, RF data server 205 selects for implementation the candidate
drive-test plan not eliminated from consideration at task 703 that provides the greatest
economic benefit. The purpose of task 704 is to ensure that the most beneficial
candidate drive-test plan is implemented. In other words, task 704 ensures that the
plan implemented in task 604 gathers data of greater benefit than any other plan
proposed in task 701. It will be clear to those skilled in the art, after reading this

disclosure, how to perform task 704.

[0092] Perform Cost-Benefit Analysis of Each Candidate Drive-Test Plan —
Figure 9 depicts a flowchart of the salient tasks associated with performing a cost-
benefit analysis of each candidate drive-test plan.

[0093] At task 901, RF data server 205 determines the comprehensive economic
cost of implementing each candidate drive-test plan. In accordance with the illustrative
embodiment, this cost is denominated in dollars. It will be clear to those skilled in the
art, after reading this disclosure, how to make and use alternative embodiments of the
present invention in which the cost is denominated in another currency or unit.

[0094] In accordance with the illustrative embodiment, the cost of implementing
each candidate drive-test plan equals the sum of many factors including, but not limited
to:

i. the cost of the mobile test unit(s) required for the plan. Other things being
equal, the cost of a drive-test plan increases as the cost of the mobile test
unit(s) increases. It will be clear to those skilled in the art, how to determine
how the cost of a given drive-test plan depends on the cost of the mobile test
unit(s) for any embodiment of the present invention (e.g., $100 plus $30 per
mobile test unit per 24 hours, etc.).

ii. the cost of the time required to complete for the drive-test plan. Other things
being equal, the cost of the drive-test plan increases as the total time

required to complete increases. It will be clear to those skilled in the art, how
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to determine how the cost of a given drive-test plan depends on the time
required to complete it for any embodiment of the present invention (e.g.,
$100 per 24 hours past the preferred completion time plus $10,000 per 24
hours past the maximum completion time, etc.).

the cost of the personnel required for the drive-test plan. Other things being
equal, the cost of the drive-test plan increases as the cost of the personnel
increases. It will be clear to those skilled in the art, how to determine how
the cost of a given drive-test plan depends on the required personnel for any
embodiment of the present invention (e.g., $100 plus $300 per person per 24

hours, etc.).

. the cost of lodging, meals, transportation, and logistical support for the

personnel required for the drive-test plan. Other things being equal, the cost
of the drive-test plan increases as the cost of lodging, meals, transportation,
and logistical support increases. It will be clear to those skilled in the art,
how to determine how the cost of a given drive-test plan depends on the cost
of lodging, meals, transportation, and logistical support for the personnel
required to complete it for any embodiment of the present invention (e.g.,
$200 per person per 24 hours plus $1 per mile driven, etc.).

the cost of a cost overrun as a function of the probability of the cost overrun
(e.g., 5%, 10%, 25%, 50%, 100%, and 200%, etc.) for the drive-test plan
given uncontrollable factors (e.g., weather, road closures, incorrect road
maps, etc.). Other things being equal, the cost of the drive-test plan
increases as the various cost overruns and their associated probabilities
increases. It will be clear to those skilled in the art, how to determine how
the cost of a given drive-test plan depends on possible cost overruns and their
associated probabilities for any embodiment of the present invention (e.g.,
the average of each cost overrun multiplied by its associated probability,
etc.).

the cost of a completion delay as a function of the probability of the delay
(e.g., 5%, 10%, 25%, 50%, 100%, and 200%, etc.) for the drive-test plan
given uncontrollable factors (e.g., weather, road closures, incorrect road
maps, etc.). Other things being equal, the cost of the drive-test plan
increases as the various delays and their associated probabilities increases. It
will be clear to those skilled in the art, how to determine how the cost of a
given drive-test plan depends on possible delays and their associated

probabilities for any embodiment of the present invention (e.g., $500 for
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each 24 hours before the maximum completion time plus $10,00 for each 24

hours after the maximum completion time, etc.).

It will be clear to those skilled in the art, after reading this disclosure, how to make and

use embodiments of the present invention that perform task 701.

[0095]

At task 902, RF data server 205 determines the comprehensive economic

cost of implementing each candidate drive-test plan. In accordance with the illustrative

embodiment, this cost is denominated in dollars. It will be clear to those skilled in the

art, after read

ing this disclosure, how to make and use alternative embodiments of the

present invention in which the cost is denominated in another currency or unit.

[0096]
implementing
not limited to:

In accordance with the illustrative embodiment, the benefit of

a candidate drive-test plan equals the sum of many factors, including, but

an estimate of the likelihood that the signal of interest can be isolated
(e.g., decoded, etc.) from noise when a mobile test unit visits each
location of interest as proposed in accordance with the plan — Other
things being equal, the benefit of a measurement of a signal of interest at
a location of interest increases as the likelihood increases that the signal
can be isolated, and the benefit of a plan increases with the number of
locations of interest that are to be visited where it is likely that the signal
of interest can be decoded. It will be clear to those skilled in the art, how
to determine how the benefit of a given drive-test plan depends on an
estimate of the likelihood that the signal can be isolated from noise at
location P for any embodiment of the present invention (e.g., $1.00
multiplied by a measure of the likelihood that the signal can be decoded at
location P, etc.).

a characterization of the electromagnetic clutter at the frequency of the
signal of interest for each location to be visited by a mobile test unit in
accordance with the plan — Other things being equal, the benefit of a
measurement of a signal at location P increases with the severity of the
electromagnetic clutter in the vicinity of location P, and the benefit of a
plan increases with the number of locations that are to be visited that
exhibit severe clutter. It will be clear to those skilled in the art, how to
determine how the benefit of a given drive-test plan depends on a
characterization of the electromagnetic clutter at location P at the

frequency of the signal for any embodiment of the present invention (e.g.,
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$0.80 multiplied by a measure of the magnitude of the clutter at location
P, etc.).

a characterization of the terrain at each location to be visited by a mobile
test unit in accordance with the plan — Other things being equal, the
benefit of a measurement of a signal at location P increases with the
variability — both natural and man-made — of the terrain in the vicinity
of location P, and the benefit of a plan increases with the number of
locations that are to be visited that exhibit variable terrain. It will be clear
to those skilled in the art, how to determine how the benefit of a given
drive-test plan depends on a characterization of the terrain at location P at
the frequency of the signal for any embodiment of the present invention
(e.g., $0.80 multiplied by a measure of the standard of deviation of the
altitude at location P, etc.).

a characterization of the population density at each location to be visited
by a mobile test unit in accordance with the plan — Other things being
equal, the benefit of a measurement of a signal at location P increases
with the population density in the vicinity of location P, and the benefit of
a plan increases with the number of locations to be visited that are high in
population density. It will be clear to those skilled in the art, how to
determine how the benefit of a given drive-test plan depends on a
characterization of the population density at location P at the frequency of
the signal for any embodiment of the present invention (e.g., $0.80
multiplied by a measure of the population density at location P, etc.).

a characterization of the proximity of at each location to be visited by a
mobile test unit in accordance with the plan to a transportation facility
(e.g., highway, railroad, rail station, airport, etc.) — Other things being
equal, the benefit of a measurement of a signal at location P increases
with the proximity of location P to a transportation facility, and the benefit
of a plan increases with the number of locations to be visited that are near
a transportation facility. It will be clear to those skilled in the art, how to
determine how the benefit of a given drive-test plan depends on the
proximity of location P to a transportation facility for any embodiment of
the present invention (e.g., $1.00 divided by the square of the distance
from location P to the nearest highway, airport, or train station, etc.).

for each location to be to be visited in accordance with a plan, the

existence in RF data database 413 of a previous measurement of the trait
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of interest of the signal of interest and the age of that previous
measurement — Other things being equal, the benefit of a measurement
of a signal at location P decreases with the existence in RF data

database 413 of a previous measurement of the trait of the signal but
increases with the age of that measurement. Furthermore, the benefit of
a plan decreases with the number of locations to be visited for which
previous measurements exist in RF data database 413. It will be clear to
those skilled in the art, how to determine how the benefit of a given drive-
test plan depends on the existence and age of a previous measurement at
location P for any embodiment of the present invention (e.g., $1.00
divided by €*, wherein x is a measure of the age of the previous
measurement at location P, etc.).

the fact that in accordance with the drive-test plan a measurement of the
trait of the signal will be made at location P and a location R. The purpose
of this factor is to reduce the benefit of drive-test plans that comprise
measurements at locations that are superfluous. Other things being
equal, the benefit of a drive-test plan that proposes superfluous
measurements decreases with the number of superfluous locations. It will
be clear to those skilled in the art, after reading this disclosure, how to
determine when the measurement of two locations is superfluous.
Furthermore, it will be clear to those skilled in the art, how to determine
how the benefit of a given drive-test plan depends on the avoidance of
superfluous measurements for any embodiment of the present invention
(e.g., —$0.20 when the drive-test plan specifies a measurement at both
location P and at location R; otherwise $0.00, etc.).

the fact that in accordance with the drive-test plan a measurement of the
trait of the signal will be made at location P but not made at a location S.
The purpose of this factor is to increase the benefit of drive-test plans
measurements that avoid gaps in coverage. Other things being equal, the
benefit of a drive-test plan increases with number of gaps in coverage that
are avoided. It will be clear to those skilled in the art, after reading this
disclosure, how to determine when the measurement of two locations is
superfluous. Furthermore, it will be clear to those skilled in the art, how
to determine how the benefit of a given drive-test plan depends on the

avoidance of superfluous measurements for any embodiment of the
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present invention (e.g., —$0.20 when the drive-test plan specifies a
measurement at both location P and at location S; otherwise $0.00, etc.).
iX. the fact that in accordance with the drive-test plan a measurement of the

trait of the signal will be made at location P but not made at a location Q,
the existence in RF data database 413 of a previous measurement of a
trait of a signal at location Q, the age of that previous measurement, and
the distance between the location P and location Q — Other things being
equal, the benefit of a measurement at location P increases with the
distance between location P and location Q and also increases with the age
of the previous measurement (e.g., $1.00 divided by € multiplied by the
distance between location P and location Q, wherein x is a measure of the
age of the previous measurement at location P, etc.).

It will be clear to those skilled in the art, after reading this disclosure, how to make and

use embodiments of the present invention that perform task 702.

[0097] Iterative and Incremental Drive-Test Plan Generation — Figure 10
depicts a flowchart of the salient tasks associated with task 603 in accordance with an
alternative embodiment of the present invention. Task 603 as described in Figure 7
compares and evaluates contrasting and fully-formed candidate drive-test plans using a
cost-benefit analysis. In contrast, task 603 as described in Figure 10 uses a cost-benefit
analysis to iteratively and incrementally improve the cost-benefit ratio of one initial
drive-test plan that has an economic benefit that exceeds its economic cost.

[0098] At task 1001, RF data server 205 generates an initial drive-test plan using
heuristics and in the same manner any one candidate drive-test plan is generated in task
701. The initial drive-test plan is summarized in Table 3 and proposes making

measurements at a non-empty set of L locations.



WO 2008/039631 PCT/US2007/077373
25

Chain | starting waypoint | Moo Test | Frefered | Aneioates

a | gmmmen | s 2007~ | 19 Sept o0
' 08:00 AM )

oo | ammmen | e 2007~ | 19 Sept 2007
08:00 AM )

s il B 2007~ | 18 Sert 2007
08:00 AM )

| amEEy | e
' 08:00 AM )

s | amEsEL | s 2007 | 20t 2007
' 08:00 AM )

Table 1 — Summary of Initial Drive-test Plan

The initial drive-test plan is depicted in Figure 11a.

[0099] At task 1002, RF data server 205 determines:

i an estimate of the economic cost of the drive-test plan with an additional

measurement at a location Z, wherein Z ¢ L, and

ii. an estimate of the economic benefit of the drive-test plan with the

additional measurement at a location Z.

As part of considering the addition of location Z to the drive-test plan, RF data server

205 also considers changing the assignment of waypoints to chains, the number of

chains, the assignment of mobile test units to chains, the number of mobile test units,

and the preferred start times and anticipated stop times for each chain. The drive-test

plan with the proposed addition of location Z is depicted in Figure 11b.

[00100]

The factors used to estimate the estimate of the economic cost of

the drive-test plan with an additional measurement at a location Z and the estimate of

the economic cost of the drive-test plan with an additional measurement at a location Z

are the same factors as described in detail above and in the accompanying figures.

When and only when the estimate of the economic cost of the drive-test plan with an

additional measurement at a location Z exceeds estimate of the economic cost of the

drive-test plan with an additional measurement at a location Z, RF data server 205 adds

location Z to the drive-test plan.

[00101]

further improvement can be made in the cost-benefit analysis.

[00102]

At task 1003, RF data server 205 determines:

Task 1002 is performed repeatedly for all locations Z ¢ L until no
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i. an estimate of the economic cost of the drive-test plan without a
measurement at a location P, wherein P € L, and

ii. an estimate of the economic benefit of the drive-test plan without a
measurement at a location P.

As part of considering the removal of location P from the drive-test plan, RF data server
205 also considers changing the assignment of waypoints to chains, the number of
chains, the assignment of mobile test units to chains, the number of mobile test units,
and the preferred start times and anticipated stop times for each chain. The drive-test
plan with the proposed removal of location P is depicted in Figure 11c.

[00103] The factors used to estimate the estimate of the economic cost of
the drive-test plan without a measurement at a location P and the estimate of the
economic cost of the drive-test plan without a measurement at a location P are the same
factors as described in detail above and in the accompanying figures. When and only
when estimate the estimate of the economic cost of the drive-test plan without a
measurement at a location P and the estimate of the economic cost of the drive-test plan
without a measurement at a location, RF data server 205 removes location P from the
drive-test plan.

[00104] Task 1003 is performed repeatedly for all locations P € L until no
further improvement can be made in the cost-benefit analysis.

[00105] At task 1004, RF data server 205 determines whether further
improvements are warranted or possible. When:

i the performance of tasks 1002 and 1003 in succession do not change the
drive-test plan, then control passes to task 702 (even though RF data
server 205’s attempt at optimizing the cost-benefit of the plan might be
trapped in a local maxima), or

ii. there is a cost-benefit goal for the drive-test plan and the drive-test plan
achieves that goal,

then control progresses to task 702; otherwise, control returns to task 1002.

[00106] It is to be understood that the above-described embodiments are
merely illustrative of the present invention and that many variations of the above-
described embodiments can be devised by those skilled in the art without departing from
the scope of the invention. It is therefore intended that such variations be included

within the scope of the following claims and their equivalents.
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What is claimed is:

Fundamental Factors

1. A method comprising determining whether to make a measurement of an
electromagnetic signal at a location P based, at least in part, on (i) an estimate of the

likelihood that the signal can be isolated from noise at the location P.

2. The method of claim 1 wherein determining whether to make the
measurement of the signal at the location P is also based, at least in part, on (ii) a
characterization of the electromagnetic clutter at the location P at the frequency of the

signal.

3. The method of claim 1 wherein determining whether to make the
measurement of the signal at the location P is also based, at least in part, on (ii) a

characterization of the terrain at the location P.

4. The method of claim 1 wherein determining whether to make the
measurement of the signal at the location P is also based, at least in part, on (ii) a

characterization of the population density at the location P.

5. The method of claim 1 wherein determining whether to make the
measurement of the signal at the first location is also based, at least in part, on whether
a previous measurement of the first electromagnetic signal has been made at the

location P.

6. The method of claim 5 wherein determining whether to make the
measurement of the signal at the first location is also based, at least in part, on the age

of the previous measurement of the first electromagnetic signal at the location P.

7. The method of claim 1 wherein determining whether to make the
measurement of the signal at the first location is also based, at least in part, on whether

a previous measurement of the first electromagnetic signal has been made at a location

Q, wherein Q =P.

8. The method of claim 7 wherein determining whether to make the
measurement of the signal at the first location is also based, at least in part, on the age

of the previous measurement of the first electromagnetic signal at the location Q.
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9. The method of claim 7 wherein determining whether to make the
measurement of the signal at the first location is also based, at least in part, on the

distance between the location P and the location Q.

10. The method of claim 1 wherein determining whether to make the

measurement of the signal at the first location is also based, at least in part, on the fact

that a measurement is proposed at a location S, wherein S = P.

11. The method of claim 10 wherein determining whether to make the
measurement of the signal at the first location is also based, at least in part, on the

distance between the location P and the location S.

12. The method of claim 1 wherein determining whether to make the

measurement of the signal at the first location is also based, at least in part, on the fact

that a measurement is not proposed at a location S, wherein S = P.

13. A method comprising determining whether to make a measurement of an

electromagnetic signal at a location P based, at least in part, on the fact that a

measurement is proposed at a location S, wherein S = P.

14. The method of claim 13 wherein determining whether to make the
measurement of the signal at the first location is also based, at least in part, on (ii) the

distance between the location P and the location S.

15. The method of claim 13 wherein determining whether to make the
measurement of the signal at the location P is also based, at least in part, on (ii) an

estimate of the likelihood that the signal can be isolated from noise at the location P.

16. The method of claim 13 wherein determining whether to make the
measurement of the signal at the location P is also based, at least in part, on (ii) a
characterization of the electromagnetic clutter at the location P at the frequency of the

signal.

17. The method of claim 13 wherein determining whether to make the
measurement of the signal at the location P is also based, at least in part, on (ii) a

characterization of the terrain at the location P.

18. The method of claim 13 wherein determining whether to make the
measurement of the signal at the location P is also based, at least in part, on (ii) a

characterization of the population density at the location P.
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19. The method of claim 13 wherein determining whether to make the
measurement of the signal at the first location is also based, at least in part, on whether
a previous measurement of the first electromagnetic signal has been made at the

location P.

20. The method of claim 19 wherein determining whether to make the
measurement of the signal at the first location is also based, at least in part, on the age

of the previous measurement of the first electromagnetic signal at the location P.

21. The method of claim 13 wherein determining whether to make the
measurement of the signal at the first location is also based, at least in part, on whether

a previous measurement of the first electromagnetic signal has been made at a location

Q, wherein Q =P.

22, The method of claim 21 wherein determining whether to make the
measurement of the signal at the first location is also based, at least in part, on the age

of the previous measurement of the first electromagnetic signal at the location Q.

23. The method of claim 21 wherein determining whether to make the
measurement of the signal at the first location is also based, at least in part, on the

distance between the location P and the location Q.

24, The method of claim 13 wherein determining whether to make the
measurement of the signal at the first location is also based, at least in part, on the fact

that in accordance with the drive-test plan a measurement is not proposed at a location

S, wherein S #P.

25. A method comprising determining whether to make a measurement of an

electromagnetic signal at a location P based, at least in part, on the fact that a

measurement is not proposed at a location S, wherein S = P.

26. The method of claim 25 wherein determining whether to make the
measurement of the signal at the first location is also based, at least in part, on (ii) the

distance between the location P and the location S.

27. The method of claim 25 wherein determining whether to make the
measurement of the signal at the location P is also based, at least in part, on (ii) an

estimate of the likelihood that the signal can be isolated from noise at the location P.
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28. The method of claim 25 wherein determining whether to make the
measurement of the signal at the first location is also based, at least in part, on whether
a previous measurement of the first electromagnetic signal has been made at the

location P.

29. The method of claim 28 wherein determining whether to make the
measurement of the signal at the first location is also based, at least in part, on the age

of the previous measurement of the first electromagnetic signal at the location P.

30. The method of claim 25 wherein determining whether to make the
measurement of the signal at the first location is also based, at least in part, on whether

a previous measurement of the first electromagnetic signal has been made at a location

Q, wherein Q =P.

31. The method of claim 30 wherein determining whether to make the
measurement of the signal at the first location is also based, at least in part, on the age

of the previous measurement of the first electromagnetic signal at the location Q.

32. The method of claim 30 wherein determining whether to make the
measurement of the signal at the first location is also based, at least in part, on the

distance between the location P and the location Q.

33. The method of claim 25 wherein determining whether to make the
measurement of the signal at the first location is also based, at least in part, on the fact

that in accordance with the drive-test plan a measurement is proposed at a location Q,

wherein Q #P.
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