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(57) ABSTRACT

A method for determining a position of a mobile device may
include receiving a communication signal at the mobile
device simulcast from a plurality of transmitters. One of the
plurality of transmitters is identified based on information
obtained from the received simulcast communication signal,
and an identifiable signal associated with the identified one
of the plurality of transmitters is received at the mobile
device. A range of the identified one of the plurality of
transmitters from the mobile device is determined based on
the received identifiable signal.
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METHODS, SYSTEMS AND DEVICES FOR
DETERMINING THE LOCATION OF A MOBILE
DEVICE BASED ON SIMULCAST
COMMUNICATION SIGNALS

BACKGROUND OF THE INVENTION

[0001] The present invention relates to the field of com-
munications in general, and more particularly, to determin-
ing the position of a mobile device.

[0002] It may be desirable, and in certain places mandated
by law, that mobile telecommunication network providers be
able to determine an approximate geographical location of a
mobile terminal (MT), such as, for example, an actively
communicating cellular telephone.

[0003] A variety of MT location techniques have been
proposed. These location techniques include uplink signal
location, downlink signal location, Global Positioning Sys-
tem (GPS) based approaches and approaches based on
digital television signals. For “uplink signal” location tech-
niques, the mobile telecommunications network is typically
configured to determine where the MT is located based on
ranging measurements associated with one or more uplink
signals. These uplink signals are transmitted by the MT and
received by a requisite number of receivers having known
locations, such as, for example, cellular telephone base
stations (BSs). For the “downlink signal” location tech-
niques, the mobile telecommunications network is typically
configured to determine where the MT is located based on
ranging measurements associated with the reception, by the
MT, of downlink signals from a requisite number of trans-
mitters having known locations.

[0004] The other location approaches generally use loca-
tion services not associated with either the uplink or down-
link signals used in the mobile telecommunications network.
In a typical GPS application, the GPS receivers collect and
analyze ranging measurements from signals transmitted by
GPS satellites having known locations. More specifically, a
constellation of 24 satellites orbiting the earth continually
emit a GPS radio signal. A GPS receiver, e.g., a hand-held
radio receiver with a GPS processor, receives the radio
signals from the closest satellites and measures the time that
the radio signal takes to travel from the GPS satellites to the
GPS receiver antenna. By multiplying the travel time by the
speed of light, the GPS receiver can calculate a range for
each satellite in view. Ephemeris information provided in the
satellite radio signal typically describes the satellite’s orbit
and velocity, thereby generally enabling the GPS processor
to calculate the position of the GPS receiver through a
process of triangulation. It is known to include a GPS
receiver in a mobile terminal to provide position location
functionality to the mobile station.

[0005] The startup of a GPS receiver typically requires the
acquisition of a set of navigational parameters from the
navigational data signals of four or more GPS satellites. This
process of initializing a GPS receiver may often take several
minutes. The duration of the GPS positioning process is
directly dependent upon how much information a GPS
receiver has initially. Most GPS receivers are programmed
with almanac data, which coarsely describes the expected
satellite positions for up to one year ahead. However, if the
GPS receiver does not have some knowledge of its own
approximate location, then the GPS receiver cannot find or
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acquire signals from the visible satellites quickly enough,
and, therefore, cannot calculate its position quickly. Further-
more, it should be noted that a higher signal strength is
typically needed for capturing the C/A Code and the navi-
gation data at start-up than is needed for continued moni-
toring of an already-acquired signal. It should also be noted
that the process of monitoring the GPS signal may be
significantly affected by environmental factors. Thus, a GPS
signal which may be easily acquired in the open typically
becomes harder to acquire when a receiver is under foliage,
in a vehicle, or worst of all, in a building.

[0006] More recently, it has been proposed that digital
television signals could be used for location of a mobile
terminal. As described in “Positioning Using the ATSC
Digital Television Signal,” Rabinowitz, M. and Spilker, J.,
Rosum Corporation Whitepaper, www.rosum.com (circa
2001), digital television signals may be broadcast, at least in
the United States, from terrestrial digital television trans-
mitters having determinate locations. The Rosum Corpora-
tion Whitepaper, proposes a technique for determining range
information to digital television transmitters using the syn-
chronization fields of the digital television signal.

[0007] These various known location techniques may
include collecting ranging measurements such as, for
example, a time of arrival (TOA), a time difference of arrival
(TDOA), an observed time difference (OTD), or the like.
These ranging measurements are typically gathered by
detecting one or more measurement features within the
transmitted/received signal(s). Each of the various location
techniques has certain limitations on their accuracy. By way
of example, various TOA, TDOA, and OTD location tech-
niques that utilize existing BSs typically require that at least
three (3) or more BSs receive the transmitted uplink signal
from the MT, or, conversely, that the MT receive transmitted
downlink signals from at least three BSs to perform the
locating process. Similarly, with respect to the GPS
approach, a GPS receiver generally needs to receive trans-
mitted signals from at least four (4) GPS satellites to perform
the complete locating process (although some information
may be generated based on transmitted signals received
from three GPS satellites).

[0008] Moreover, there is not always a clear line-of-sight
(LOS) between the MT and the requisite number of known
location transmitter(s)/receiver(s). For example, in an urban
environment, the LOS is often blocked by building and/or
other structures, while in certain other environments the
naturally occurring terrain and/or other features (e.g., moun-
tains, canyons, forests, weather, etc.) can reduce the LOS,
attenuate the transmitted signals, or produce multipath sig-
nals at the receiver. For many higher frequency signals or
weaker signals, the loss of LOS or the introduction of such
obstacles, can render the location technique significantly
inaccurate, or completely unavailable.

SUMMARY OF THE INVENTION

[0009] According to some embodiments of the present
invention, methods for determining a position of a mobile
device may include receiving a communication signal at the
mobile device simulcast from a plurality of transmitters.
One of the plurality of transmitters may be identified based
on information obtained from the received simulcast com-
munication signal, and an identifiable signal may be
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received that is associated with the identified one of the
plurality of transmitters. A range of the identified one of the
plurality of transmitters from the mobile device may be
determined based on the received identifiable signal.

[0010] In some embodiments of the present invention, the
information obtained from the received simulcast commu-
nication signal may include identification information asso-
ciated with the one of the plurality of transmitters. For
example, the identification information may include a
timeslot and/or code information associated with the one of
the plurality of transmitters. The information obtained from
the received simulcast communication signal may further
include identification information associated with additional
ones of the plurality of transmitters.

[0011] In other embodiments of the present invention, the
identification information may include a timeslot, and one of
the plurality of transmitters may be identified by associating
the timeslot with the one of the plurality of transmitters. The
identifiable signal may be received from the identified one of
the plurality of transmitters during the timeslot.

[0012] In some embodiments of the present invention, the
information obtained from the received simulcast commu-
nication signal may include identification information asso-
ciated with a first one of the plurality of transmitters and
identification information associated with a second one of
the plurality of transmitters. The identification information
associated with the first one of the plurality of transmitters
may include a first timeslot associated therewith, and the
identification information associated with the second one of
the plurality of transmitters may include a second timeslot
associated therewith. The first and second timeslots may be
associated with the first and second ones of the plurality of
transmitters. An identifiable signal may be received from the
first one of the plurality of transmitters during the first
timeslot, and an identifiable signal may be received from the
second one of the plurality of transmitters during the second
timeslot. A range of the first one of the plurality of trans-
mitters from the mobile device may be determined based on
the received identifiable signal from the first one of the
plurality of transmitters, and a range of the second one of the
plurality of transmitters from the mobile device may be
determined based on the received identifiable signal from
the second one of the plurality of transmitters.

[0013] In other embodiments of the present invention, the
identification information may include code information,
and one of the plurality of transmitters may be identified by
associating the code information with the one of the plurality
of transmitters. A range of the identified one of the plurality
of transmitters from the mobile device may be determined
based on the code information.

[0014] In some embodiments of the present invention, the
information obtained from the received simulcast commu-
nication signal may include identification information asso-
ciated with the first one of the plurality of transmitters and
identification information associated with a second one of
the plurality of transmitters. The identification information
associated with the first one of the plurality of transmitters
may include first code information associated therewith, and
the identification information associated with the second one
of the plurality of transmitters may include second code
information associated therewith. The obtained first and
second code information may be associated with the first and
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second ones of the plurality of transmitters, and an identi-
fiable signal may be received from each of the first and
second ones of the plurality of transmitters. A range of the
first one of the plurality of transmitters from the mobile
device may be determined based on the obtained first code
information, and a range of the second one of the plurality
of transmitters from the mobile device may be determined
based on the obtained second code information.

[0015] Inother embodiments of the present invention, first
and second identifiable signals may be respectively received
from the first and second ones of the plurality of transmitters
during a common timeslot as a ranging signal. The range of
the first one of the plurality of transmitters from the mobile
device may be determined using the first code information
based on the received ranging signal, and the range of the
second one of the plurality of transmitters from the mobile
device may be determined using the second code informa-
tion based on the received ranging signal.

[0016] In some embodiments of the present invention, the
information obtained from the received simulcast commu-
nication signal may further include range assistance infor-
mation. The range assistance information may include loca-
tion and/or time correction data for the one of the plurality
of transmitters. A range of the identified one of the plurality
of transmitters from the mobile device may be determined
based on the received identifiable signal and the range
assistance information.

[0017] In other embodiments of the present invention, the
range assistance information including location and/or time
correction data for the identified one of the plurality of
transmitters may be obtained from the received identifiable
signal.

[0018] In some embodiments of the present invention, the
simulcast communication signal may be a simulcast digital
television signal. For example, the simulcast digital televi-
sion signal and the identifiable signal may be digital video
broadcasting-handhelds (DVB-H) protocol signals, and the
identifiable signal may be received during an unallocated
timeslot of the DVB-H protocol.

[0019] In some embodiments of the present invention, the
determined range may be transmitted from the mobile
device to a location server. The position of the mobile device
may be calculated at the location server using at least three
range values including the determined range from the
mobile device to provide a position estimate based on the
DVB-H protocol signal.

[0020] In other embodiments of the present invention, the
DVB-H protocol signal and a GPS communication signal
may be received at the mobile device during respective
distinct timeslots using a common receiver without retuning
an antenna circuit associated therewith. The information
obtained from the received simulcast communication signal
may further include GPS assistance information. The posi-
tion of the mobile terminal may be estimated based on the
DVB-H protocol signal and the GPS communication signal.

[0021] In some embodiments of the present invention,
methods for determining a position of a mobile device may
include simulcasting the communication signal from the
plurality of transmitters, and transmitting the identifiable
signal from the one of the plurality of transmitters. The
simulcast communication signal may designate a timeslot
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associated with the one of the plurality of transmitters, and
the identifiable signal may be transmitted from the one of the
plurality of transmitters during the timeslot. In other
embodiments, the simulcast communication signal may des-
ignate code information associated with the one of the
plurality of transmitters, and the identifiable signal may be
transmitted from the one of the plurality of transmitters
based on the code information.

[0022] In other embodiments according to the present
invention, methods for determining a position of a mobile
device may include simulcasting a communication signal
including identification information therein from a plurality
of transmitters during a common timeslot determined by a
communications protocol. Respective identifiable signals
may be transmitted from the plurality of transmitters during
at least one unallocated timeslot of the communications
protocol.

[0023] In some embodiments of the present invention, the
identification information may include distinct code infor-
mation and/or timeslots of the communications protocol
respectively associated with ones of the plurality of trans-
mitters. For example, when the identification information
includes the distinct timeslots, the respective identifiable
signals may be transmitted from the ones of the plurality of
transmitters during the associated distinct timeslots. In other
embodiments, when the identification information includes
the distinct code information, the respective identifiable
signals may be transmitted from the ones of the plurality of
transmitters during the at least one unallocated timeslot
based on the associated distinct code information.

[0024] 1In other embodiments of the present invention, the
simulcast communication signal may include range assis-
tance information therein including location and/or time
correction data respectively associated with the ones of the
plurality of transmitters. Range assistance information
including location and/or time correction data respectively
associated with the plurality of transmitters may also be
transmitted along with the respective identifiable signals.
The respective identifiable signals may be transmitted from
the plurality of transmitters at a different duty factor than the
simulcast communication signal.

[0025] According to some embodiments of the present
invention, a mobile device may include a receiver config-
ured to receive a communication signal simulcast from a
plurality of transmitters. The receiver may be further con-
figured to receive an identifiable signal associated with one
of the plurality of transmitters. The mobile device may
further include a controller configured to identify the one of
the plurality of transmitters based on information obtained
from the received simulcast communication signal. The
controller may be further configured to determine a range of
the one of the plurality of transmitters from the mobile
device based on the received identifiable signal.

[0026] In some embodiments of the present invention, the
controller may be configured to obtain identification infor-
mation including a timeslot and/or code information asso-
ciated with the one of the plurality of transmitters from the
received simulcast communication signal. For example, the
identification information may include the timeslot associ-
ated with the one of the plurality of transmitters. The
controller may be further configured to associate the timeslot
with the one of the plurality of transmitters and activate the
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receiver during the timeslot to receive the identifiable signal
from the identified one of the plurality of transmitters.

[0027] In other embodiments of the present invention, the
identification information may include the code information
associated with the one of the plurality of transmitters. The
controller may be further configured to associate the code
information with the one of the plurality of transmitters and
determine the range of the one of the plurality of transmitters
based on the code information.

[0028] In some embodiments of the present invention, the
controller may be further configured to obtain range assis-
tance information including location and/or time correction
data for the one of the plurality of transmitters from the
received simulcast communication signal. The controller
may also be configured to determine the range based on the
received identifiable signal and the range assistance infor-
mation. The controller may be further configured to obtain
the range assistance information including location and/or
time correction data for the identified one of the plurality of
transmitters from the received identifiable signal.

[0029] In some embodiments of the present invention, the
simulcast communication signal may be a simulcast digital
television signal. For example, the simulcast digital televi-
sion signal and the identifiable signal may be digital video
broadcasting-handhelds (DVB-H) protocol signals. The con-
troller may be configured to activate the receiver during an
unallocated timeslot of the DVB-H protocol to receive the
identifiable signal.

[0030] According to further embodiments of the present
invention, a system for determining a position of a mobile
device may include a plurality of transmitters configured to
simulcast a communication signal including identification
information therein during a common timeslot determined
by a communications protocol. The transmitters may further
be configured to transmit respective identifiable signals
during at least one unallocated timeslot of the communica-
tions protocol.

[0031] In some embodiments of the present invention, the
identification information may include distinct code infor-
mation and/or timeslots of the communications protocol
respectively associated with ones of the plurality of trans-
mitters. For example, in some embodiments, the identifica-
tion information may include the distinct timeslots, and the
ones of the plurality of transmitters may be further config-
ured to transmit respective identifiable signals during the
associated distinct timeslots. In other embodiments, the
identification information may include the distinct code
information, and the ones of the plurality of transmitters may
be further configured to transmit the respective identifiable
signals during the at least one unallocated timeslot of the
communications protocol based on the associated distinct
code information.

[0032] In other embodiments of the present invention, the
simulcast communication signal may further include range
assistance information therein including location and/or
time correction data respectively associated with the ones of
the plurality of transmitters. The respective identifiable
signals may also include range assistance information
including location and/or time correction data respectively
associated with the plurality of transmitters.

[0033] In some embodiments of the present invention, the
simulcast communication signal may be a simulcast digital
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television signal, and the communications protocol may be
a digital television protocol. For example, the simulcast
digital television signal may be a simulcast digital video
broadcasting-handhelds (DVB-H) protocol signal, and the
communications protocol may be a DVB-H protocol. The
system may further include a location server configured to
calculate the position of the mobile device using at least
three range values received from the mobile terminal to
provide a position estimate based on the DVB-H protocol
signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG. 1 is a schematic block diagram illustrating
systems, methods, and devices for determining the location
of a mobile device based on simulcast communication
signals according to some embodiments of the present
invention;

[0035] FIG. 2 is a schematic block diagram illustrating a
mobile device according to some embodiments of the
present invention;

[0036] FIGS. 3A-3C are diagrams illustrating data that is
simulcast from multiple transmitters according to some
embodiments of the present invention;

[0037] FIGS. 4A and 4B are flowcharts illustrating opera-
tions for determining the location of a mobile device based
on simulcast communication signals according to some
embodiments of the present invention;

[0038] FIGS. 5A and 5B are flowcharts illustrating opera-
tions for determining the location of a mobile device based
on simulcast communication signals according to further
embodiments of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0039] The present invention now will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which illustrated embodiments of the invention are
shown. This invention may, however, be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the invention
to those skilled in the art.

G, 9
a

[0040] As used herein, the singular forms an,” and
“the” are intended to include the plural forms as well, unless
expressly stated otherwise. It should be further understood
that the terms “comprises” and/or “comprising” when used
in this specification is taken to specify the presence of stated
features, integers, steps, operations, elements, and/or com-
ponents, but does not preclude the presence or addition of
one or more other features, integers, steps, operations,
elements, components, and/or groups thereof. It will be
understood that when an element is referred to as being
“connected” or “coupled” to another element, it can be
directly connected or coupled to the other element or inter-
vening elements may be present. Furthermore, “connected”
or “coupled” as used herein may include wirelessly con-
nected or coupled. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items, and may be abbreviated as “/”.
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[0041] Tt will also be understood that, although the terms
first, second, etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are only used to distinguish one element
from another. For example, a first receiving station could be
termed a second receiving station, and, similarly, a second
receiving station could be termed a first receiving station
without departing from the teachings of the disclosure.

[0042] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this invention belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.

[0043] As will be appreciated by one of skill in the art, the
present invention may be embodied as methods, systems, or
devices. Accordingly, the present invention may be embod-
ied in hardware and/or in software (including firmware,
resident software, micro-code, etc.). Computer program
code for carrying out operations of the present invention
may be written in an object oriented programming language
such as Java®, Smalltalk or C++, a conventional procedural
programming languages, such as the “C” programming
language, or lower-level code, such as assembly language
and/or microcode. The program code may execute entirely
on a single processor and/or across multiple processors, as
a stand-alone software package or as part of another soft-
ware package.

[0044] The present invention is described below with
reference to flowchart illustrations and/or block and/or flow
diagrams of methods, systems, and devices according to
embodiments of the invention. It will be understood that
each block of the flowchart illustrations and/or block dia-
grams, and combinations of blocks in the flowchart illustra-
tions and/or block diagrams, can be implemented by com-
puter program instructions. These computer program
instructions may be provided to a processor of a general
purpose computer, special purpose computer, or other pro-
grammable data processing apparatus to produce a machine,
such that the instructions, which execute via the processor of
the computer or other programmable data processing appa-
ratus, create means for implementing the functions/acts
specified in the flowchart and/or block and/or flow diagram
block or blocks.

[0045] These computer program instructions may also be
stored in a computer-readable memory that can direct a
computer or other programmable processor to function in a
particular manner, such that the instructions stored in the
computer-readable memory produce an article of manufac-
ture including instruction means which implement the func-
tion/act specified in the flowchart and/or block diagram
block or blocks.

[0046] The computer program instructions may also be
loaded onto a computer or other programmable data pro-
cessor to cause a series of operational steps to be performed
on the computer or other programmable processor to pro-
duce a computer implemented process such that the instruc-
tions which execute on the computer or other programmable



US 2007/0013584 Al

processor provide steps for implementing the functions or
acts specified in the flowchart and/or block diagram block or
blocks.

[0047] 1In accordance with certain embodiments of the
present invention, a mobile device, such as, for example, an
actively communicating cellular telephone, is located using
a simulcast communication signal, such as a digital video
broadcasting-handheld (DVB-H) protocol signal. Digital
Video Broadcasting for Handhelds (DVB-H) is a digital TV
service that may be implemented in mobile devices in the
near future. DVB-H systems may simulcast the same con-
tent over multiple transmitters (such as repeaters) on the
same frequency in a given location. DVB-H systems may
transmit signals using Orthogonal Frequency Division Mul-
tiplexing. As such, receivers in a DVB-H system may
tolerate many time shifted variants of the same signal
entering the receiver. Also, the DVB-H standard provides for
time-slicing of content on the basic carrier, which may
permit the receiver to operate at a fractional duty factor in
order to save power.

[0048] By way of background, some embodiments of the
present invention may employ location techniques having
certain characteristics in common with conventional loca-
tion techniques. For example, location may be estimated by
collecting a requisite number of ranging measurements from
signals passed between transmitter(s) and receiver(s),
wherein either the transmitter(s) or the receiver(s) have
known or determinable locations (i.e., positions). Further,
each of the collected ranging measurements can generally be
converted from a time interval measurement to a corre-
sponding distance measurement, for example, by multiply-
ing by the speed of light or an expected speed of transmis-
sion associated with the signal. When the conversion from
time to distance has been accomplished, traditional triangu-
lation, or other like mathematical techniques, can be used to
determine the positional coordinates of the mobile device,
based on the known locations and calculated distances.

[0049] For example, in the case of a GPS location tech-
nique, the positions of the GPS satellites vary with regard to
time. Thus, a GPS receiver generally needs to receive an
accurate measurement of time from the GPS satellites (or an
accurate GPS-related source on the ground) in order to know
the positions of the GPS satellites at the time of the ranging
measurements. The ranging measurements between the GPS
receiver and each of at least four (4) GPS satellites occurs
by: 1) finding the starting point on the 1023 chip long Gold
code sequence within the signal transmitted by each GPS
satellite; 2) finding the start time of a bit edge; and 3) finding
the start time of the data message. The resulting “time of
flight” for the signal received from each GPS satellite is then
converted to distance. The resulting four (4) range measure-
ments allow for a solution to the GPS receiver’s position in
X, y and z coordinates and for determination of the unknown
time difference between the GPS time and the GPS receiv-
er’s independent clock.

[0050] Thus, the underlying location process generally
uses signals received from certain known positions, and
determines ranging measurements from a sufficient number
of signals to solve for the mobile device’s location. These
common characteristics and others will be described in more
detail below to show how the present invention may advan-
tageously provide location using simulcast communication
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signals. Further discussion of mathematical solutions suit-
able for use with embodiments the present invention are
provided in U.S. Pat. No. 6,252,543, which is incorporated
herein by reference as if set forth in its entirety. Those skilled
in the art will further recognize that the methods, systems
and devices in accordance with the present invention can,
therefore, be adapted for use in combining a simulcast
communication signal based approach with a variety of
different types of mobile devices, other system’s transmit-
ters, and/or special purpose transmitters.

[0051] FIG. 1 is a schematic block diagram illustrating
systems, methods, and devices for determining the location
of a mobile device based on simulcast communication
signals according to some embodiments of the present
invention. Referring now to FIG. 1, a communications
system 100 includes a communications network 105, a
plurality of transmitters 120a-120c¢ coupled thereto, and a
mobile device 125. The system 100 may further include a
plurality of satellites, for example, GPS satellites 135a and
1355. The GPS satellites 135a and 1355 may be controlled
by a GPS control unit 140 via a satellite dish 145. The
communication system 100 may further include a plurality
of servers, such as location server 150, coupled to the
communication network 105.

[0052] The plurality of transmitters 120a-120c are config-
ured to simulcast a communication signal during a common
timeslot according to a communications protocol. As used
herein, “simulcasting” refers to one-way broadcasting of
communication signals, such as digital television signals,
from one or more transmitting stations to one or more
receiving stations. The simulcast communication signals
from the transmitters 120a-120c¢ are received at the mobile
device 125. More specifically, the mobile device 125 may be
configured to receive the simulcast communication signals
from the transmitters 1204-120c as a combined received
simulcast communication signal. As such, the mobile device
need not distinguish between the simulcast communication
signals from the transmitters 120a-120¢c. Moreover, where
the communication signals simulcast from the transmitters
120a-120c are relatively weak when received at the mobile
device 125, the signal power may be combined at the mobile
device 125 to provide a received simulcast communication
signal with sufficient signal strength. Also, although some of
the communication signals may arrive at the mobile device
125 time-shifted relative to others, such a time-shift may be
minimal relative to the data rate.

[0053] The simulcast communication signals may include
an identifier and/or identification information, such as dis-
tinct code information and/or timeslots of the communica-
tions protocol, that is associated with one or more of the
transmitters 120a-120c¢. The transmitters 120a-120c¢ are fur-
ther configured to transmit respective identifiable signals
during at least one unallocated timeslot of the communica-
tions protocol.

[0054] For example, the identification information from
the simulcast communication signal may include distinct
timeslots respectively associated with each of the transmit-
ters 120a-120c. As such, each of the transmitters 120a-120¢
may be configured to transmit a respective identifiable signal
during the distinct timeslot that is associated with that
transmitter. In other embodiments, the identification infor-
mation from the simulcast communication signal may
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include distinct code information respectively associated
with each of the transmitters 120a-120c¢. As such, each of the
transmitters 120a-120c may be configured to transmit a
respective identifiable signal using the distinct code infor-
mation associated with that transmitter during at least one
unallocated timeslot of the communications protocol.

[0055] In order to aid in determining the location of the
mobile device 125, the simulcast communication signal
and/or the identifiable signals from each of the transmitters
120a-120c¢ may include range assistance information, such
as location and/or time correction data, that is associated
with each of the transmitters 120a-120c¢. The range assis-
tance information may be used, in addition to the received
identifiable signals, to determine the respective ranges of the
transmitters 1204-120¢ from the mobile device 125. For
example, where a “time-of-flight” location technique is
used, the ranging measurements may be computed by hav-
ing the mobile device 125 separately measure a time-of-
flight for each identifiable signal transmitted from the trans-
mitters 120a-120c¢ using the time correction data for each of
the transmitters 120a-120c¢. The time correction data may be
relative to the GPS system or GMT/UTC time. Each mea-
sured time-of-flight can be converted to a distance/range
value by multiplying by an expected rate of transmission
associated with each identifiable signal. Assuming that the
mobile device 125 is positioned within a relatively planar
environment, distance information from three (3) transmit-
ters is generally required to solve for x and y positional
coordinates on the ground using traditional triangulation or
other like mathematical techniques, based on the location
data for each of the transmitters 1204-120¢ and the calcu-
lated distances. In other embodiments, the location data for
the transmitters 120a-120c¢ may be known by the mobile
device 125 in advance, as the data may not change over time.

[0056] In some embodiments, the simulcast communica-
tion signals may be simulcast digital television signals, and
the communications protocol may be a digital television
protocol. For instance, the communications protocol may be
a digital video broadcasting—handheld (DVB-H) protocol
and the simulcast digital television signals may be simulcast
DVB-H protocol signals. As such, the mobile device 125
may be configured to determine a range of one of the
transmitters 120a-120¢ from the mobile device 125 based on
the simulcast DVB-H protocol signals, which may include
one or more identifiable signals from one or more of the
respective transmitters 120a-120c. Where the transmitters
120a-120¢ simulcast a DVB-H protocol signal, the trans-
mitters 120a-120¢ may be one-way broadcast transmitters
that do not receive feedback from the mobile device 125, so
that, at a given point in time, the communications network
105 and/or the transmitters 120a-120¢ do not have knowl-
edge of whether a given packet was or was not received
successfully at the mobile device 125.

[0057] The mobile device 125 may be further configured
to transmit the determined range from one of the transmitters
120a-120¢ to the location server 150. For example, the
determined range may be transmitted from the mobile
device 125 to the location server 150 using an IP bearer over
a cellular connection. The location server 150 may be
configured to calculate the position of the mobile device 125
using at least three range values received from the mobile
device 125 in order to provide a position estimate based on
the DVB-H protocol signals.

Page 14 of 20

Jan. 18, 2007

[0058] In addition, the mobile device 125 may be config-
ured to receive GPS communication signals from the GPS
satellites 1354 and/or 135b. In some embodiments, the
simulcast communication signals from the transmitters
120a-120c¢ may also include GPS assistance information. As
such, the position of the mobile device 125 may be estimated
based on both the DVB-H protocol signals and/or the GPS
communication signals.

[0059] Although the communications system 100 has been
described with reference to specific elements as shown in
FIG. 1, communication systems according to embodiments
of the present invention are not limited to the elements
illustrated therein and may include additional elements
which may be configured to perform the operations and/or
functions described herein. For example, although illus-
trated as coupled to the communications network 105, the
transmitters 120a-120¢ may be independent digital televi-
sion transmitters and/or repeater transmitters configured to
perform the operations and/or functions described herein.

[0060] FIG. 2 is a schematic block diagram illustrating a
mobile terminal 225 according to some embodiments of the
present invention. In some embodiments, the mobile termi-
nal 225 may correspond to the mobile device 125 illustrated
in FIG. 1. Referring now to FIG. 2, the mobile terminal 225
may include a keyboard/keypad 205, a display 210, a
speaker 215, a microphone 220, a transceiver 235 and a
memory 230 that communicate with a controller 240. The
transceiver 235 may typically include a transmitter circuit
250 and a receiver circuit 245, which respectively transmit
outgoing radio frequency signals and receive incoming radio
frequency signals via an antenna 265. While a single antenna
265 is shown in FIG. 2, it should be understood that multiple
antennas and/or different types of antennas may be utilized
based on the types of signals being received. The radio
frequency signals may include both traffic and control
signals (e.g., paging signals/messages for incoming calls),
which may be used to establish and maintain communication
with another party or destination. However, the present
invention is not limited to such two way communication
systems, and may only be configured to receive signals
defined by a simulcast communications protocol, such as
DVB-H signals.

[0061] The foregoing components of the mobile terminal
225 may be included in many conventional mobile terminals
and their functionality is generally known to those skilled in
the art. It should be further understood that, as used herein,
the term mobile terminal may include a cellular radiotele-
phone with or without a multi-line display; a personal
communications system (PCS) terminal that may combine a
cellular radiotelephone with data processing, facsimile and/
or data communications capabilities; a personal data assis-
tant (PDA) that can include a radiotelephone, pager, Inter-
net/intranet access, web browser, organizer, calendar and/or
global positioning system (GPS) receiver; and a conven-
tional laptop and/or palmtop receiver or other appliance that
includes a radiotelephone transceiver. Mobile terminals may
be also referred to as “pervasive computing” devices.

[0062] Still referring to FIG. 2, the mobile terminal
receiver 245 may be configured to receive communication
signals that are simulcast from a plurality of transmitters,
such as the transmitters 120a-120c¢ of FIG. 1, as a simulcast
communication signal 270. The receiver 245 may be further
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configured to receive one or more identifiable signals
respectively associated with one or more of the transmitters.
The mobile terminal controller 240 may be configured to
identify one or more of the transmitters based on informa-
tion obtained from the received simulcast communication
signal 270, and may be further configured to determine a
range of one or more of the identified transmitters from the
mobile device 125 based on one or more received identifi-
able signals 275, 275', and 275".

[0063] For example, the controller 240 may be configured
to obtain identification information such as timeslot and/or
code information associated with one of the transmitters
from the received simulcast communication signal 270.
Where the identification information includes timeslot infor-
mation, the controller 240 may be configured to associate the
timeslot with the corresponding one of the transmitters and
activate the receiver 245 during the specified timeslot to
receive the identifiable signal 275 from the transmitter. The
controller 240 may determine the range of the transmitters
from the mobile terminal 225 based on the identifiable signal
275 received during the timeslot. The controller 240 may
similarly be configured to determine the range of other
transmitters from the mobile terminal 225 based on identi-
fiable signals 275' and 275" received by activating the
receiver 245 during respective other timeslots obtained from
the received simulcast communication signal 270 and asso-
ciated with the other transmitters.

[0064] Where the identification information includes code
information, the controller 240 may be configured to asso-
ciate the code information with the corresponding one of the
transmitters. Upon receiving the identifiable signal 275 at
the receiver 245, the controller 240 may recognize the
identifiable signal 275 and determine the range of the
transmitter from the mobile terminal 225 based on the code
information. The controller 240 may be further configured to
repeat the above operations on the received identifiable
signal 275 based on the code information of other transmit-
ters to recognize and determine the range of the other
transmitters from the mobile terminal 225.

[0065] As further shown in FIG. 2, the mobile terminal
225 may also include a digital television receiver, such as
DVB-H receiver 255, and/or a GPS receiver 260. Although
illustrated as distinct blocks in FI1G. 2, the DVB-H receiver
255, the GPS receiver 260 and/or the receiver 245 may be
implemented in a single module. The DVB-H receiver 255,
in cooperation with the controller 240, can provide a digital
television signal processing circuit configured to process
conventional DVB-H protocol signals and/or other digital
television signals received from digital television transmit-
ters, such as the transmitters 120a-120¢ of FIG. 1. The
DVB-H receiver 255 may further include or be associated
with a tuner that provides the received DVB-H protocol
signals to a monitor, such as the display 210, for viewing. As
such, when the simulcast communication signal 270 and the
identifiable signal 275 are DVB-H protocol signals, the
controller 240 may be configured to activate the DVB-H
receiver 255 during one or more particular timeslots speci-
fied by the DVB-H protocol to receive the simulcast com-
munication signal 270. In addition, the controller 240 may
be further configured to activate the DVB-H receiver 255
during a previously unallocated time slot of the DVB-H
protocol in order to receive the identifiable signal 275. The
DVB-H protocol signals, including the identifiable signal
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275 and the simulcast signal 270, may then be used to
determine a range of one of the transmitters from the mobile
terminal 225.

[0066] In some embodiments, the communication signals
simulcast from the transmitters and/or the identifiable sig-
nal(s) 275 may include range assistance information, such as
location and/or time correction data, for one or more of the
transmitters. For example, the controller 240 may be con-
figured to obtain the range assistance information from the
simulcast signal 270 during demodulation of the simulcast
signal 270. The controller 240 may determine the range of
one or more of the transmitters using the associated location
and time correction data in addition to the time-of-flight of
one or more of the received identifiable signals 275 associ-
ated with each transmitter. As such, the controller 240 may
be configured to determine the range of one or more trans-
mitters based on both the identifiable signal 275 and the
simulcast signal 270 without demodulating the identifiable
signal 275. In other embodiments, the controller 240 may be
configured to obtain the range assistance information for one
or more of the transmitters from the associated identifiable
signals 275 by demodulating the identifiable signals 275.
Thus, the controller 240 may be configured to determine the
range of one or more of the transmitters based only on the
received identifiable signals 275. In addition, the range
assistance information obtained from the simulcast commu-
nication signal 270 and/or the identifiable signal 275 may
further include measured signal strength data, such as effec-
tive radiated power (ERP) and/or tower height of the asso-
ciated transmitter, for use in more advanced location func-
tions.

[0067] The mobile terminal 225 may further include a
position computation circuit 285 that is configured to esti-
mate a position of the mobile terminal 225 based on deter-
mined range estimates received from the controller 240. In
some embodiments, the position computation circuit 285
may be configured to provide the resulting range estimates
to a remote position determination server, such as the
location server 150 of FIG. 1, via the transmitter 250. In
other embodiments, the position computation circuit 285
may perform the calculations to estimate the position of the
mobile terminal 225 at the mobile terminal 225 itself. While
the position computation circuit 285 and the controller 240
are illustrated as distinct blocks in FIG. 2, it is to be
understood that the functionality of these blocks may be
combined into a single controller and/or spread across a
plurality of different controllers and/or other hardware con-
figured to operate in a manner described herein.

[0068] The mobile terminal 225 may also include a GPS
receiver 260. The GPS receiver 260, in cooperation with the
controller 240, may provide a processing circuit configured
to process ranging signals 280 received from GPS satellites,
such as the GPS satellites 135a and 1356 of FIG. 1. As such,
the controller 240 may be configured to estimate the position
of the mobile terminal 225 based on both received DVB-H
protocol signals and/or GPS communication signals. In
some embodiments, the information obtained from the
simulcast communication signal 270 may include GPS
assistance information, such as satellites in view, approxi-
mate location, accurate time signals and/or ephemeris data
for the satellites.

[0069] Moreover, as mentioned above, the DVB-H
receiver 255, the GPS receiver 260 and the receiver 245 may
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be implemented in a single module. As such, the mobile
terminal 225 may be configured to receive both DVB-H
protocol signals and GPS communication signals during
respective distinct timeslots using a common receiver. For
instance, for DVB-H channels at 1670 MHz, the receiver
may be time-shared between GPS reception and DVB-H
reception without retuning an associated antenna circuit, as
this DVB-H frequency is close to the 1570 MHz GPS
frequency.

[0070] Although the present invention may be embodied
in communication systems and/or devices such as the mobile
terminal 225 of FIG. 2, the present invention is not limited
to such devices and/or systems. Instead the present invention
may be embodied in any method, communication device,
communication system, or computer program product con-
figured to receive simulcast communication signals, includ-
ing digital television signals, that may be suitable for use in
ranging measurements.

[0071] FIGS. 3A to 3C illustrate communication signals
that are simulcast from a plurality of different transmitters,
such as the transmitters 120a-120¢ of FIG. 1. Referring now
to FIG. 3A, communication signal A is simulcast by multiple
transmitters F1, F2 and F3 on the same frequency in a given
location. For example, the transmitters F1, F2 and F3 may
be digital television transmitters, and communication signal
A may be a simulcast digital television signal. Although
transmission of communication signal A from transmitters
F1, F2, and F3 is synchronized, reception of communication
signal A from one or more of the transmitters at a mobile
device, such as mobile terminal 225 of FIG. 2, may be
time-shifted. However, such a time-shift may be negligible
in relation to an overall data rate according to some embodi-
ments of the present invention.

[0072] Still referring to FIG. 3A, communication signal A
is simulcast from transmitters F1 and F2 in bursts 305 during
a common timeslot. Each burst 305 may include a notifica-
tion of when the next burst will be transmitted. The simul-
cast communication signal A may also include identification
information for the transmitters, such as distinct code infor-
mation and/or timeslots respectively associated with each of
the transmitters, according to a particular communications
protocol. For example, the identification information may be
included in an initial one of the bursts 305 of the simulcast
communication signal A. The communications protocol may
set aside a fixed and/or variable percentage of bandwidth to
be used for sending the identification information when
necessary or desirable.

[0073] For transmitter F1, transmission of communication
signal A includes a time period between bursts 305, illus-
trated as off-time 310. The off-time 310 may provide power
savings for a mobile device, such as mobile terminal 225 of
FIG. 2, that may receive communication signal A from
transmitter F1. More particularly, a mobile device receiver
may be activated to receive the bursts 305 of communication
signal A during the specified timeslots, and as such, may be
deactivated during the off-time 310. In some embodiments,
by time-slicing and transmitting communication signal A in
high data rate bursts 305, the receiver of a mobile device
may be powered-down for up to 95% of the time that the
device is in use, thereby reducing its average power con-
sumption. In addition, the mobile device receiver may use
the off-time 310 to monitor the current and/or neighboring
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cells and/or transmitters. As a further example, the off-time
310 may be used to make ranging measurements.

[0074] As shown in FIGS. 3B and 3C, the off-time 310
may also include at least one unallocated timeslot 315
designated by the particular communications protocol. As
such, identifiable signals from each of the transmitters may
be transmitted during the unallocated timeslot 315. For
example, as shown in FIG. 3B, where the simulcast com-
munication signal A includes timeslot information, identifi-
able signals 320 and 325 may be transmitted during respec-
tive distinct timeslots of the unallocated timeslot 315 as
designated by the information contained in communication
signal A.

[0075] Where the identification information includes code
information, as shown in FIG. 3C, the identifiable signals
320 and 325 may be concurrently transmitted during the
unallocated timeslot 315 by each transmitter using the
distinct code information. In some embodiments, the iden-
tifiable signals 320 and 325 may be transmitted from trans-
mitters F1 and F2 at a different duty factor than the simulcast
communication signal 305. In other words, the identifiable
signals 320 and 325 may be broadcast more or less often (at
a higher or lower frequency for uniform periodicity) than the
simulcast communication signal 305.

[0076] FIGS. 4A and 4B are flowcharts illustrating opera-
tions for determining the location of a mobile device accord-
ing to some embodiments of the present invention. More
particularly, FIG. 4A illustrates operations that may be
carried out by a transmitter, such as one of the transmitters
120a-120¢ of FIG. 1. As shown in FIG. 4A, a communica-
tions signal is simulcast from a plurality of transmitters
during a common timeslot according to a particular com-
munications protocol (Block 405). The simulcast commu-
nications signals may include identification information,
such as distinct code information and/or timeslots of the
communications protocol associated with the plurality of
transmitters. Also, respective identifiable signals are trans-
mitted from the plurality of transmitters during at least one
unallocated timeslot of the communications protocol (Block
410).

[0077] For example, where the identification information
includes a distinct timeslot associated with each of the
transmitters, an identifiable signal may be transmitted from
each of the transmitters during its distinct timeslot. The
distinct timeslots may correspond to unallocated timeslots of
the communications protocol. However, where a large num-
ber of transmitters are present, it may not be feasible to
associate a distinct timeslot with each transmitter, as the total
number of unallocated timeslots may be limited. As such,
timeslots may be re-used by different transmitters that are
sufficiently remote from each other. The timeslots may be
re-used according to any scheme that may minimize the
probability of reception of more than one identifiable signal
in a timeslot, such as protocols utilized for channel re-use in
cellular telephone systems.

[0078] In addition, where the identification information
includes distinct code information associated with each of
the transmitters, an identifiable signal may be transmitted
from each of the transmitters using its distinct code infor-
mation during one or more unallocated timeslots of the
communications protocol. The simulcast communications
signal may be digital television signals, such as digital video
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broadcasting—handheld (DVB-H) protocol signals, and the
communications protocol may be a digital television proto-
col, such as the DVB-H protocol.

[0079] In some embodiments, the simulcast communica-
tion signals may include range assistance information, such
as location and/or time correction data, respectively associ-
ated with each of the plurality of transmitters. Alternatively,
the range assistance information may be transmitted from
each transmitter along with its respective identifiable signal.

[0080] FIG. 4B is a flowchart illustrating an operations
that may be performed by a mobile device, such as the
mobile terminal 225 of FIG. 2, according to some embodi-
ments of the present invention. Referring now to FIG. 4B,
communication signals simulcast from a plurality of trans-
mitters, such as the transmitters 120a-120c¢ of FIG. 1, are
received as a received simulcast communication signal at a
mobile device (Block 415). One of the transmitters is then
identified based on information obtained from the received
simulcast communication signal (Block 420). For example,
the information obtained from the received simulcast com-
munication signal may be identification information associ-
ated with one of the transmitters, such as time slot and/or
code information for that transmitter. An identifiable signal
associated with the identified one of the transmitters is also
received (Block 425), and a range of the identified trans-
mitter from the mobile device is determined based on the
received identifiable signal (Block 430).

[0081] In some embodiments, the information obtained
from the received simulcast communication signal may also
include identification information associated with additional
ones of the transmitters. Where a large number of transmit-
ters are present in the communications system, identification
information for all of the transmitters may require a large
portion of the simulcast communication signal. As such,
identification information for only selected ones of the
transmitters in the system may be included in the simulcast
communication signal. In addition, the information obtained
from the received simulcast communication signal may
include range assistance information associated with ones of
the transmitters. As the signal power of the communication
signals simulcast from the transmitter is combined to pro-
vide the received simulcast communication signal at the
receiver of the mobile device, the identification information
and/or the range assistance information may be received
with sufficient signal strength even if relatively weak signals
from the respective transmitters are received at the receiver.

[0082] FIGS. 5A and 5B are flowcharts illustrating opera-
tions that may be carried out by systems for determining a
location of a mobile device based on simulcast communi-
cation signals according to further embodiments of the
present invention. Referring now to FIG. 5A, a communi-
cations signal, such as a DVB-H protocol signal, is simulcast
from a plurality of transmitters (Block 500), and an identi-
fiable signal is transmitted from each of the transmitters
during respective associated timeslots designated by infor-
mation in the simulcast communication signal (Block 510).
Where the communication signal is a DVB-H protocol
signal, the identifiable signals may be transmitted during
unallocated timeslots of the DVB-H protocol.

[0083] The simulcast communication signals are received
as a received simulcast communication signal at a mobile
device (Block 520). In some embodiments, the mobile
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device receiver may not distinguish the simulcast commu-
nication signals from the plurality of transmitters as multiple
signals; rather, the signal power of the respective simulcast
communication signals may be combined to increase the
signal strength of the received simulcast communication
signal. In addition, although the simulcast communication
signals from some of the transmitters may be time-shifted
when received at the mobile device, such a time shift may
be minimal in comparison to the data rate.

[0084] Identification information, including an associated
timeslot for one of the transmitters, is obtained from the
received simulcast communications signal (Block 530). The
timeslot designated by the identification information is asso-
ciated with the corresponding transmitter (Block 540). The
identifiable signal associated with that transmitter is then
received at the mobile device during the timeslot (Block
550), for example, by activating a receiver during the
timeslot.

[0085] In some embodiments, the identification informa-
tion obtained from the received simulcast communications
signal may include a first time slot associated with a first
transmitter, and a second time slot associated with a second
transmitter. As such, after receiving the simulcast commu-
nication signal, the first time slot is associated with the first
transmitter, and the second time slot is associated with the
second transmitter. An identifiable signal is then received
from the first transmitter during the first time slot, and an
identifiable signal is received from the second transmitter
during the second time slot. For example, where the mobile
device is a mobile terminal, a controller of the mobile
terminal may activate a receiver of the mobile terminal
during the first and second timeslots to respectively receive
the identifiable signals associated with the first and second
transmitters.

[0086] Still referring to FIG. 5A, range assistance infor-
mation, including location and/or time correction data for
the one of the transmitters, may be obtained (Block 560). For
example, range assistance information for one or more of the
transmitters may be included in the received simulcast
communication signal, and may be obtained therefrom by
demodulating the simulcast communications signal. Alter-
natively, the range assistance information for the one of the
transmitters may be obtained from the identifiable signal
associated with that transmitter, for instance, by demodu-
lating the received identifiable signal. Where multiple iden-
tifiable signals are received from respective multiple trans-
mitters, each identifiable signal may include range
assistance information for its associated transmitter.

[0087] A range of one of the transmitters from the mobile
device is then determined based on the received identifiable
signal and the range assistance information (Block 570). As
such, when the range assistance information is included in
the received identifiable signal, only the received identifi-
able signal may be used to determine the range of the
transmitter. Where the range assistance information is
obtained from the received simulcast signal, both the
received identifiable signal and the received simulcast signal
may be used to determine the range of the transmitter from
the mobile device. The determined range may then be used,
along with other determined range values to other transmit-
ters having known locations, to estimate the position of the
mobile device.
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[0088] FIG. 5B is a flowchart illustrating operations for
determining a location of a mobile terminal according to still
further embodiments of the present invention. Referring
now to FIG. 5B, a communications signal is simulcast from
a plurality of transmitters (Block 505), and an identifiable
signal is transmitted from one of the transmitters based on
associated code information provided by the simulcast com-
munication signal (Block 515). The simulcast communica-
tion signals may contain distinct code information for mul-
tiple transmitters, and as such, multiple identifiable signals
may be transmitted at the same time using the respective
code information. The simulcast communication signals are
then received at the mobile device as a received simulcast
communication signal (Block 525), and identification infor-
mation, including the code information for at least one of the
transmitters, is obtained from the received simulcast com-
munications signal (Block 535). The code information is
associated with the corresponding transmitter(s) (Block
545), and the identifiable signal for a respective transmitter
is received at the mobile device and recognized based on the
corresponding code information (Block 555). More particu-
larly, identifiable signals from multiple transmitters may be
concurrently received at the mobile device and recognized
based on their respective code information. Range assistance
information, such as location and/or time correction data for
the transmitter(s), may also be obtained from the received
simulcast communications signal and/or the identifiable
signal(s) (Block 565), as described above with reference to
FIG. 5A. The range of the transmitter(s) from the mobile
device is then determined based on the received identifiable
signal(s) using the corresponding code information (Block
575).

[0089] Where the received simulcast communication sig-
nal includes first and second code information respectively
associated with first and second transmitters, the first code
information may be obtained and associated with the first
transmitter, and the second code information may be
obtained and associated with the second transmitter. Iden-
tifiable signals may be concurrently received from the first
and second transmitters, and a range of the first transmitter
from the mobile device may be determined based on the first
code information. Likewise, the range of the second trans-
mitter may be determined based on the second code infor-
mation. More specifically, first and second identifiable sig-
nals may be received from the first and second transmitters
as a ranging signal during a common timeslot, such as an
unallocated timeslot of a particular communications proto-
col. Then, a range of the first transmitter from the mobile
device may be determined using the first code information
based on the ranging signal, and the range of the second
transmitter from the mobile device may be determined using
the second code information based on the ranging signal.

[0090] The flowcharts, flow diagrams, and block diagrams
of FIGS. 1-5 illustrate the architecture, functionality, and
operations of possible implementations of systems, meth-
ods, and devices for determining the location of a mobile
device based on simulcast communications signals accord-
ing to some embodiments of the present invention. In this
regard, each block in the flowcharts or block diagrams may
represent a module, segment, or portion of code which
comprises one or more executable instructions for imple-
menting the specified logical acts. It should also be noted
that, in some embodiments, the acts noted in the blocks may
occur out of the order noted in the figures. For example, two
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blocks shown in succession may, in fact, be executed sub-
stantially concurrently, or the blocks may sometimes be
executed in the reverse order, depending on the functionality
involved.

[0091] The foregoing is illustrative of the present inven-
tion and is not to be construed as limiting thereof. Although
a few exemplary embodiments of this invention have been
described, those skilled in the art will readily appreciate that
many modifications are possible in the exemplary embodi-
ments without materially departing from the novel teachings
and advantages of this invention. Accordingly, all such
modifications are intended to be included within the scope of
this invention as defined in the claims. Therefore, it is to be
understood that the foregoing is illustrative of the present
invention and is not to be construed as limited to the specific
embodiments disclosed, and that modifications to the dis-
closed embodiments, as well as other embodiments, are
intended to be included within the scope of the appended
claims. The invention is defined by the following claims,
with equivalents of the claims to be included therein.

That which is claimed:
1. A method for determining a position of a mobile device,
the method comprising:

receiving a communication signal at the mobile device
simulcast from a plurality of transmitters;

identifying one of the plurality of transmitters based on
information obtained from the received simulcast
communication signal;

receiving an identifiable signal associated with the
identified one of the plurality of transmitters; and

determining a range of the identified one of the plural-
ity of transmitters from the mobile device based on
the received identifiable signal.

2. The method of claim 1, wherein the information
obtained from the received simulcast communication signal
comprises identification information associated with the one
of the plurality of transmitters including a timeslot and/or
code information associated therewith.

3. The method of claim 2, wherein the information
obtained from the received simulcast communication signal
further comprises identification information associated with
additional ones of the plurality of transmitters.

4. The method of claim 2, wherein the identification
information includes the timeslot, wherein identifying one
of the plurality of transmitters comprises associating the
timeslot with the one of the plurality of transmitters, and
wherein receiving an identifiable signal comprises receiving
the identifiable signal from the identified one of the plurality
of transmitters during the timeslot.

5. The method of claim 4, wherein the one of the plurality
of transmitters comprises a first one of the plurality of
transmitters, wherein the information obtained from the
received simulcast communication signal comprises identi-
fication information associated with the first one of the
plurality of transmitters including a first timeslot associated
therewith and identification information associated with a
second one of the plurality of transmitters including a
second timeslot associated therewith, and further compris-
ing:

associating the second timeslot with the second one of the
plurality of transmitters;
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receiving an identifiable signal from the second one of the
plurality of transmitters during the second timeslot; and

determining a range of the second one of the plurality of
transmitters from the mobile device based on the
received identifiable signal from the second one of the
plurality of transmitters.

6. The method of claim 2, wherein the identification
information includes the code information, wherein identi-
fying one of the plurality of transmitters comprises associ-
ating the code information with the one of the plurality of
transmitters, and wherein determining a range further com-
prises determining the range of the identified one of the
plurality of transmitters based on the code information.

7. The method of claim 6, wherein the one of the plurality
of transmitters comprises a first one of the plurality of
transmitters, wherein the information obtained from the
received simulcast communication signal comprises identi-
fication information associated with the first one of the
plurality of transmitters including first code information
associated therewith and identification information associ-
ated with a second one of the plurality of transmitters
including second code information associated therewith, and
further comprising:

associating the obtained second code information with the
second one of the plurality of transmitters;

receiving an identifiable signal from the second one of the
plurality of transmitters; and

determining a range of the second one of the plurality of
transmitters from the mobile device based on the
obtained second code information.

8. The method of claim 7, wherein receiving an identifi-
able signal from the first and second ones of the plurality of
transmitters and determining a range of the first and second
ones of the plurality of transmitters comprises:

respectively receiving first and second identifiable signals
from the first and second ones of the plurality of
transmitters during a common timeslot as a ranging
signal;

determining the range of the first one of the plurality of
transmitters from the mobile device using the first code
information based on the received ranging signal; and

determining the range of the second one of the plurality of
transmitters from the mobile device using the second
code information based on the received ranging signal.
9. The method of claim 1, wherein the information
obtained from the received simulcast communication signal
further comprises range assistance information including
location and/or time correction data for the one of the
plurality of transmitters, and wherein determining a range
comprises:

determining a range of the identified one of the plurality
of transmitters from the mobile device based on the
received identifiable signal and the range assistance
information.
10. The method of claim 1, wherein receiving an identi-
fiable signal further comprises:

obtaining range assistance information including location
and/or time correction data for the identified one of the
plurality of transmitters from the received identifiable
signal.
11. The method of claim 1, wherein the simulcast com-
munication signal comprises a simulcast digital television
signal.
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12. The method of claim 11, wherein the simulcast digital
television signal and the identifiable signal comprise digital
video broadcasting-handhelds (DVB-H) protocol signals,
and wherein receiving the identifiable signal comprises:

receiving the identifiable signal during an unallocated
timeslot of the DVB-H protocol.
13. The method of claim 12, further comprising:

transmitting the determined range from the mobile device
to a location server; and

calculating the position of the mobile device at the
location server using at least three range values includ-
ing the determined range from the mobile device to
provide a position estimate based on the DVB-H pro-
tocol signals.

14. The method of claim 12, further comprising:

receiving the DVB-H protocol signals and a GPS com-
munication signal at the mobile device during respec-
tive distinct timeslots using a common receiver without
retuning an antenna circuit associated therewith; and

estimating the position of the mobile terminal based on
the DVB-H protocol signals and the GPS communica-
tion signal.

15. The method of claim 14, wherein the information
obtained from the received simulcast communication signal
further comprises GPS assistance information.

16. The method of claim 1, further comprising:

simulcasting the communication signal from the plurality
of transmitters; and

transmitting the identifiable signal from the one of the

plurality of transmitters.

17. The method of claim 16, wherein the simulcast
communication signal designates a timeslot associated with
the one of the plurality of transmitters, and wherein trans-
mitting the identifiable signal comprises:

transmitting the identifiable signal from the one of the

plurality of transmitters during the timeslot.

18. The method of claim 16, wherein the simulcast
communication signal designates code information associ-
ated with the one of the plurality of transmitters, and
wherein transmitting the identifiable signal comprises:

transmitting the identifiable signal from the one of the

plurality of transmitters based on the code information.

19. A method for determining a position of a mobile
device, the method comprising:

simulcasting a communication signal including identifi-
cation information therein from a plurality of transmit-
ters during a common timeslot determined by a com-
munications protocol; and

transmitting respective identifiable signals from the plu-
rality of transmitters during at least one unallocated
timeslot of the communications protocol.

20. The method of claim 19, wherein the identification
information comprises distinct code information and/or
timeslots of the communications protocol respectively asso-
ciated with ones of the plurality of transmitters.

21. The method of claim 20, wherein the identification
information comprises the distinct timeslots, and wherein
transmitting respective identifiable signals comprises:

transmitting respective identifiable signals from the ones
of the plurality of transmitters during the distinct
timeslots respectively associated therewith.
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22. The method of claim 20, wherein the identification
information comprises the distinct code information, and
wherein transmitting respective identifiable signals com-
prises:

transmitting respective identifiable signals from the ones
of the plurality of transmitters during the at least one
unallocated timeslot based on the distinct code infor-
mation respectively associated therewith.
23. The method of claim 20, wherein simulcasting a
communication signal further comprises:

simulcasting the communication signal including range
assistance information therein including location and/
or time correction data respectively associated with the
ones of the plurality of transmitters.
24. The method of claim 19, wherein transmitting respec-
tive identifiable signals further comprises:

transmitting range assistance information including loca-
tion and/or time correction data respectively associated
with the plurality of transmitters.

25. The method of claim 19, wherein the communication
signal comprises a digital television signal, and wherein the
communications protocol comprises a digital television pro-
tocol.

26. The method of claim 25, wherein the digital television
signal comprises a digital video broadcasting-handhelds
(DVB-H) protocol signal, and wherein the communications
protocol comprises a DVB-H protocol.

27. The method of claim 19, wherein transmitting respec-
tive identifiable signals comprises:

transmitting the respective identifiable signals from the
plurality of transmitters at a different duty factor than
simulcasting the communication signal.

28. A mobile device, comprising:

a receiver configured to receive a communication signal
simulcast from a plurality of transmitters and an iden-
tifiable signal associated with one of the plurality of
transmitters; and

a controller configured to identify the one of the plurality
of transmitters based on information obtained from the
received simulcast communication signal and config-
ured to determine a range of the one of the plurality of
transmitters from the mobile device based on the
received identifiable signal.

29. The mobile device of claim 28, wherein the controller

is configured to obtain identification information including a
timeslot and/or code information associated with the one of
the plurality of transmitters from the received simulcast
communication signal.

30. The mobile device of claim 29, wherein the identifi-
cation information includes the timeslot, and wherein the
controller is further configured to associate the timeslot with
the one of the plurality of transmitters and activate the
receiver during the timeslot to receive the identifiable signal
from the identified one of the plurality of transmitters.

31. The mobile device of claim 29, wherein the identifi-
cation information includes the code information, and
wherein the controller is further configured to associate the
code information with the one of the plurality of transmitters
and determine the range of the one of the plurality of
transmitters based on the code information.

32. The mobile device of claim 29, wherein the controller
is further configured to obtain range assistance information
including location and/or time correction data for the one of
the plurality of transmitters from the received simulcast
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communication signal, and configured to determine the
range based on the received identifiable signal and the range
assistance information.

33. The mobile device of claim 28, wherein the controller
is further configured to obtain range assistance information
including location and/or time correction data for the iden-
tified one of the plurality of transmitters from the received
identifiable signal.

34. The mobile device of claim 28, wherein the simulcast
communication signal comprises a simulcast digital televi-
sion signal.

35. The mobile device of claim 34, wherein the simulcast
digital television signal and the identifiable signal comprise
digital video broadcasting-handhelds (DVB-H) protocol sig-
nals, and wherein the controller is configured to activate the
receiver during an unallocated timeslot of the DVB-H
protocol to receive the identifiable signal.

36. A system for determining a position of a mobile
device, comprising:

a plurality of transmitters configured to simulcast a com-
munication signal including identification information
therein during a common timeslot determined by a
communications protocol and further configured to
transmit respective identifiable signals during at least
one unallocated timeslot of the communications pro-
tocol.

37. The system of claim 36, wherein the identification
information comprises distinct code information and/or
timeslots of the communications protocol respectively asso-
ciated with ones of the plurality of transmitters.

38. The system of claim 37, wherein the identification
information comprises the distinct timeslots, and wherein
the ones of the plurality of transmitters are further config-
ured to transmit respective identifiable signals during the
distinct timeslots respectively associated therewith.

39. The system of claim 37, wherein the identification
information comprises the distinct code information, and
wherein the ones of the plurality of transmitters are further
configured to transmit respective identifiable signals during
the at least one unallocated timeslot based on the distinct
code information respectively associated therewith.

40. The system of claim 37, wherein the simulcast com-
munication signal further includes range assistance infor-
mation therein including location and/or time correction data
respectively associated with the ones of the plurality of
transmitters.

41. The system of claim 36, wherein the respective
identifiable signals include range assistance information
including location and/or time correction data respectively
associated with the plurality of transmitters.

42. The system of claim 36, wherein the simulcast com-
munication signal comprises a simulcast digital television
signal, and wherein the communications protocol comprises
a digital television protocol.

43. The system of claim 42, wherein the simulcast digital
television signal comprises a simulcast digital video broad-
casting-handhelds (DVB-H) protocol signal, and wherein
the communications protocol comprises a DVB-H protocol.

44. The system of claim 43, further comprising:

a location server configured to calculate the position of
the mobile device using at least three range values
received from the mobile terminal to provide a position
estimate based on the DVB-H protocol signal.





