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Description

RELATED APPLICATIONS

[0001] This patent application claims benefit and pri-
ority to US Provisional Patent Application 61/045,218,
filed April 15, 2008.

BACKGROUND

1. Field

[0002] The subject matter disclosed herein relates to
electronic devices and more particularly to methods and
apparatuses for use in electronic devices for use in wire-
less communication systems.

2. Information

[0003] Wireless communication systems and devices
are fast becoming one of the most prevalent technologies
in the digital information arena. Satellite and cellular tel-
ephone services and other like wireless communication
networks may already span the entire globe. Additionally,
new wireless systems (e.g., networks) of various types
and sizes are added each day to provide connectivity
between a plethora of devices, both fixed and portable.
Many of these wireless systems are coupled together
through other communication systems and resources to
promote even more communication and sharing of infor-
mation. Indeed, it is not uncommon for some devices to
communicate with more than one wireless communica-
tion system and this trend appears to be growing.
[0004] Another popular and increasingly important
wireless technology includes navigation systems and de-
vices and in particular satellite positioning systems (SPS)
such as, for example, the Global Positioning System
(GPS) and other like Global Navigation Satellite Systems
(GNSS). An SPS receiver, for example, may receive
wireless SPS signals that are transmitted by a plurality
of orbiting satellites of a GNSS. The SPS signals once
received may be processed, for example, to determine
a global time, an approximate geographical location, al-
titude, and/or speed associated with a device having the
SPS receiver path, such as, for example a cellular tele-
phone.
[0005] Other positioning techniques are also known
and available for use in locating a mobile device such as
a cellular telephone within the coverage area of a wireless
network. For example, various signaling/timing tech-
niques may be employed to determine or otherwise es-
timate the location of the cellular telephone based on
trilateration and/or other like processes.
WO 99/55018 discloses that base stations transmit, and
a remote unit receives a radio frequency location signal.
The remote unit then computes an observed-time-differ-
ence for each base station at a particular time. Observed
differences in received signal times, and are reported to

a Mobile Location Center. Additionally, a Real-Time-Dif-
ference receiver receives an RF signal from two or more
bases. The Real-Time.
Differences between the base stations are computed at
a second time. These differences are also reported to
the MLC. The MLC computes an estimated RTD for the
time period via standard curve fitting algorithms, or sim-
ple interpolating algorithms. A corrected Time Difference
of Arrival as determined by the remote unit is computer
based on the OTD measurements and the estimated
RTD measurements.

SUMMARY

[0006] In accordance with the present invention, a
method of accessing positioning information with wire-
less signaling measurements and determining location
information of a target mobile terminal, as set forth in
claim 1, as well as a corresponding apparatus, as set
forth in claim 14, is provided. Further embodiments of
the invention are disclosed in the dependent claims.
[0007] Methods and apparatuses are provided that
may be implemented in a wireless signaling environment
to provide certain location services. The location services
may, for example, be based at least in part on positioning
information associated with positioned wireless signaling
measurements.
[0008] By way of example, in accordance with one as-
pect an example method may include accessing posi-
tioning information associated with wireless signaling
measurements for a plurality of mobile terminals and a
plurality of base stations, and determining location infor-
mation for a target mobile terminal based, at least in part,
on the positioning information and signaling information
associated with the target mobile terminal.
[0009] In certain example implementations location in-
formation may be determined by performing signal pat-
tern matching based, at least in part, on the positioning
information and the signaling information associated with
the target mobile terminal.
[0010] In certain example implementations, the wire-
less signaling measurements may be based, at least in
part, on a Measurement Report Messages (MRMs) as-
sociated with the mobile terminals, the wireless signaling
measurements may be associated with Wideband Code
Division Multiple Access (WCDMA) signaling, and/or the
positioning information may include Real Time Differ-
ence (RTD) information.
[0011] In certain example implementations, a method
may include, predicting one or more estimated Real Time
Differences (RTDs) based at least in part on the position-
ing information, determining an estimated location of the
target mobile terminal based at least in part on an Ob-
served Time Difference of Arrival (OTDOA) and at least
one of the estimated RTDs, establishing fine time assist-
ance information for at least one base station based at
least in part on at least one of the estimated RTDs, and/or
providing the fine time assistance information to a base
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station and/or at least one mobile terminal.
[0012] In certain example implementations, a method
may include determining event location information as-
sociated with at least one network event based, at least
in part, on the location information.
[0013] In certain example implementations, a method
may include establishing the positioning information by
receiving wireless signal measurements and observed
timing differences (OTDs) associated with the plurality
of mobile terminals and the plurality of base stations, and
determining location estimates for the plurality of mobile
stations and RTDs for the plurality of base stations. Cer-
tain methods may also include establishing signal meas-
urements for different locations based at least in part on
the positioning information.
[0014] By way of example, in accordance with one as-
pect an example apparatus may be operatively enabled
to access positioning information associated with wire-
less signaling measurements for a plurality of mobile ter-
minals and a plurality of base stations, and determine
location information for a target mobile terminal based at
least in part on the positioning information and signaling
information associated with the target mobile terminal.
[0015] In accordance with another aspect, an example
apparatus may be operatively enabled to access posi-
tioning information associated with wireless signaling
measurements for a plurality of mobile terminals and a
plurality of base stations, and determine location infor-
mation for a target mobile terminal based at least in part
on the positioning information and signaling information
associated with the target mobile terminal.
[0016] In certain other example implementations, an
apparatus may include a special purpose computing de-
vice with memory having stored therein positioning infor-
mation associated with wireless signaling measurements
for a plurality of mobile terminals and a plurality of base
stations, and a processing unit operatively coupled to the
memory and operatively enabled to determine location
information for a target mobile terminal based, at least in
part, on the positioning information and signaling infor-
mation associated with the target mobile terminal.
[0017] In accordance with yet another aspect, an arti-
cle of manufacture may be provided that includes a com-
puter readable medium having computer implementable
instructions stored thereon which if implemented by one
or more processing units in a special purpose computing
device operatively enables the one or more processing
units to access positioning information associated with
wireless signaling measurements for a plurality of mobile
terminals and a plurality of base stations, and determine
location information for a target mobile terminal based,
at least in part, on the positioning information and sign-
aling information associated with the target mobile ter-
minal.

BRIEF DESCRIPTION OF DRAWINGS

[0018] Non-limiting and non-exhaustive aspects are

described with reference to the following figures, wherein
like reference numerals refer to like parts throughout the
various figures unless otherwise specified.
[0019] Fig. 1 is a schematic block diagram illustrating
a wireless signaling environment that includes a comput-
ing platform operatively enabled to provide certain loca-
tion services that may be based, at least in part, on po-
sitioning information associated with positioned wireless
signaling measurements in accordance with an example
implementation.
[0020] Fig. 2 is a schematic block diagram illustrating
selected features of a computing platform operatively en-
abled to provide certain location services that may, for
example, be implemented in the environment of Fig. 1.
[0021] Fig. 3 is a flow diagram illustrating an exemplary
method for providing certain location services that may,
for example, be implemented in the environment of Fig.
1 and/or the computing platform of Fig. 2.

DETAILED DESCRIPTION

[0022] Some example methods and apparatuses are
described that may be employed in a wireless signaling
environment to provide certain location services. The lo-
cation services may, for example, be based at least in
part on positioning information associated with posi-
tioned wireless signaling measurements.
[0023] As described in greater detail below, in accord-
ance with certain example implementations, a method
may be implemented using one or more computing plat-
forms coupled to other wireless network resources to pro-
vide location services. Such a method may, for example,
include accessing positioning information associated
with wireless signaling measurements collected over a
period of time from a plurality of mobile terminals with
regard to signaling that occurs between the mobile ter-
minals and the various base stations, and determining
location information for a target mobile terminal based,
at least in part, on at least one of the accessed positioning
information, the wireless signaling measurements, the
location information, the additional signaling information
associated with the target mobile terminal, and/or the like.
[0024] The method may, for example, include perform-
ing signal pattern matching based, at least in part, on the
accessed positioning information and the additional sig-
naling information associated with the target mobile ter-
minal. The additional signaling information associated
with the target mobile terminal may be received directly
from the target mobile terminal and/or indirectly from oth-
er network resources, for example. The resulting location
information may be provided to one or more other net-
work resources, and/or a network location service, for
example. In certain implementations, for example, the
location information may be based, at least in part, on
Observed Time Difference of Arrival (OTDOA) informa-
tion associated with the target mobile terminal.
[0025] In certain example implementations, at least
one of the wireless signaling measurements may include

3 4 



EP 2 283 683 B1

4

5

10

15

20

25

30

35

40

45

50

55

corresponding time-stamp information and/or mobile ter-
minal location information. In certain example implemen-
tations, mobile terminal location information may be
based, at least in part, on SPS information. By way of
example but not limitation, such SPS information may
include or otherwise be associated with GPS data, As-
sisted-GPS (A-GPS) data, GNSS data, Assisted-GNSS
(A-GNSS) data, and/or other like data.
[0026] As described in greater detail below, in certain
example implementations, at least one of the wireless
signaling measurements is based, at least in part, on a
Measurement Report Message (MRM) and/or the like
which may be provided by the various mobile terminals.
For example, mobile terminals may transmit MRMs as-
sociated with Wideband Code Division Multiple Access
(WCDMA) signaling.
[0027] The positioning information may, for example,
include Real Time Difference (RTD) information. An RTD
concerns the difference in transmission timing between
any pair of base stations. For example, this may be the
difference between the absolute (e.g. Coordinated Uni-
versal Time) time at which a certain timing signal is trans-
mitted at one base station and the absolute time at which
the same or a corresponding signal is transmitted at an-
other base station. A method may, for example, include
predicting one or more estimated RTDs based, at least
in part, on the positioning information. A method may, for
example, include determining an estimated location of
the target mobile terminal based, at least in part, on an
OTDOA and at least one of the estimated RTDs. A meth-
od may, for example, include establishing fine time as-
sistance information for at least one base station based,
at least in part, on at least one of the estimated RTDs.
The fine time assistance information may be provided to
the base station and/or other network resources, for ex-
ample, and may be associated with a SPS time.
[0028] As will also be described in greater detail below,
in certain example implementations, the method may in-
clude determining event location information associated
with at least one "network event" based, at least in part,
on the location information. In certain example implemen-
tations, at least one of the wireless signaling measure-
ments may include a combined wireless signaling meas-
urement. A method may, for example, include determin-
ing a distribution of mobile terminals within a coverage
area based, at least in part, on the combined signal meas-
urement.
[0029] Reference throughout this specification to "one
example", "an example", "certain examples", or "exem-
plary implementation" means that a particular feature,
structure, or characteristic described in connection with
the feature and/or example may be included in at least
one feature and/or example of claimed subject matter.
Thus, the appearances of the phrase "in one example",
"an example", "in certain examples" or "in certain imple-
mentations" or other like phrases in various places
throughout this specification are not necessarily all refer-
ring to the same feature, example, and/or limitation. Fur-

thermore, the particular features, structures, or charac-
teristics may be combined in one or more examples
and/or features.
[0030] Methodologies described herein may be imple-
mented by various means depending upon applications
according to particular features and/or examples. For ex-
ample, such methodologies may be implemented in hard-
ware, firmware, software, and/or combinations thereof.
In a hardware implementation, for example, a processing
unit may be implemented within one or more application
specific integrated circuits (ASICs), digital signal proces-
sors (DSPs), digital signal processing devices (DSPDs),
programmable logic devices (PLDs), field programmable
gate arrays (FPGAs), processors, controllers, microcon-
trollers, microprocessors, electronic devices, other de-
vices units designed to perform the functions described
herein, and/or combinations thereof.
[0031] Reference is now made to Fig. 1, which is a
block diagram illustrating a wireless signaling environ-
ment 100 that includes a computing platform 108 oper-
atively enabled to provide certain location services that
may be based, at least in part, on positioning information
230 associated with positioned wireless signaling meas-
urements 130 in accordance with an example implemen-
tation.
[0032] Wireless signaling environment 100 may, for
example, include a plurality of mobile terminals 102,
which are illustrated in Fig.1 as 102-1, 102-2,
102-3, ...102-t, ..., 102-n. In later examples, mobile ter-
minal 102-t may be referred to as a target mobile terminal.
The mobile terminals, as shown in Fig. 1, are intended
to represent any type(s) of device(s), machine(s), etc.,
that may be operatively enabled to wirelessly communi-
cate while within at least a portion of a coverage area
within wireless signaling environment 100. Thus, by way
of example but not limitation, mobile terminal 102-n may
include a cellular/mobile telephone, a portable computer,
a personal digital assistant, a tracking device, a naviga-
tion device, and/or the like. As illustrated in Fig. 1, mobile
terminals 102 may be operatively enabled to communi-
cate through wireless communication links to one or more
base stations 104-1, 104-2, ...,, 104-m. In certain exam-
ple implementations, one or more of mobile terminals
102 may be operatively enabled to receive and/or proc-
ess SPS data that may be transmitted through signals
from one or more SPS 106.
[0033] Base stations 104-1, 104-2, ..., 104-m, as
shown in Fig. 1, are intended to represent any type(s) of
device(s), machine(s), etc., that may be operatively en-
abled to wirelessly communicate with one or more mobile
terminals 102 while present within at least a portion of a
coverage area within wireless signaling environment
100. Each base station may be assigned and/or other-
wise arranged to provide such wireless communication
services within at least a cell (not shown) via wireless
communication links (e.g., represented by link 122-1). A
mobile terminal may be serviced by one or more base
stations depending upon location and/or system design.
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Base stations 104-1, 104-2, ..., 104-m may be operatively
coupled together and/or to other network resources, etc.
With regard to this example implementation, as illustrat-
ed, base stations 104-1, 104-2, ..., 104-m may be oper-
atively coupled to a location service resource 108, for
example, via wired, fiber, and/or wireless communication
links (e.g., represented by link 122-2).
[0034] Location service resource 108 is intended to
represent any type(s) of device(s), machines, etc., that
may be operatively enabled to perform at least a portion
of the location service(s) described in the example im-
plementations herein and/or claimed subject matter. In
certain implementations, for example, such location serv-
ices may be based at least in part on positioning infor-
mation associated with positioned wireless signaling
measurements and location service resource 108 may
include one or more computing platforms. In certain ex-
ample implementations, location service resource 108
may be implemented in one or more computing platforms
that are also enabled to provide other services. For ex-
ample, location service resource 108 may be implement-
ed in one or more computing platforms that are also en-
abled to provide Radio Network Controller (RNC) serv-
ices. In other example implementations location service
resource 108 may be implemented in one or more ded-
icated computing platforms.
[0035] As described in greater detail below, location
service resource 108 may, for example, be operatively
enabled to access positioning information associated
with wireless signaling measurements collected over a
period of time from a plurality of mobile terminals 102
with regard to signaling that occurs between the mobile
terminals and the various base stations 104. Location
service resource 108 may also, for example, be opera-
tively enabled to determine certain location information
for target mobile terminal 102-t based, at least in part, on
the positioning information and additional signaling infor-
mation associated with the target mobile terminal 102-t.
[0036] Location service resource 108 may, for exam-
ple, be operatively coupled to other resources through
one or more networks 110. For example, in certain im-
plementations another resource 112 may request and/or
receive location information for target mobile terminal
102-t from location service resource 108 via one more
networks 110. By way of example but not limitation, re-
source 112 may include an emergency location service
and/or the like.
[0037] There may also be multiple instances of Loca-
tion service resource 108 that perform the same or dif-
ferent location services and that may be enabled to trans-
fer information between themselves. For example, one
instance of location service resource 108 may be dedi-
cated to receiving signaling measurements from mobile
terminals 102 and base stations 104 and combining
these to obtain position information for mobile terminals
102 and timing information for base stations 104. Such
obtained information may be transferred to or accessed
by another instance of Location service resource 108

which may use this information to perform location serv-
ices for mobile terminal 102-t such as deriving the loca-
tion of mobile terminal 102-t.
[0038] Reference is now made to Fig. 2, which is a
block diagram illustrating selected features of a comput-
ing platform operatively enabled to provide certain loca-
tion services that may, for example, be implemented as
location service resource 108 in Fig. 1.
[0039] As illustrated in the example in Fig. 2, location
service resource 108 may include one or more process-
ing units 202, memory 204, and communication interface
210, which may be operatively coupled with one or more
connections 206 (e.g., buses, lines, fibers, links, etc.).
[0040] Processing unit 202 may be implemented in
hardware, software, or a combination of hardware and
software. Thus, for example, processing unit 202 may
represent one or more circuits configurable to perform at
least a portion of a data computing procedure or process.
By way of example but not limitation, processing unit 202
may include one or more processors, controllers, micro-
processors, microcontrollers, application specific inte-
grated circuits, digital signal processors, programmable
logic devices, field programmable gate arrays, and the
like, or any combination thereof.
[0041] Memory 204 may represent any data storage
mechanism. Memory 220 may include, for example, a
primary memory and/or a secondary memory. Primary
memory may include, for example, a random access
memory, read only memory, etc. While illustrated in this
example as being separate from processing unit 202, it
should be understood that all or part of a primary memory
may be provided within or otherwise co-located/coupled
with processing unit 202. Secondary memory may in-
clude, for example, the same or similar type of memory
as primary memory and/or one or more data storage de-
vices or systems, such as, for example, a disk drive, an
optical disc drive, a tape drive, a solid state memory drive,
etc.
[0042] In certain implementations, secondary memory
may be operatively receptive of, or otherwise configura-
ble to couple to, computer readable medium 220. As
such, in certain example implementations, the methods
and/or apparatuses presented herein may take the form
in whole or part of a computer readable medium 220 that
may include computer implementable instructions 208
stored thereon, which if executed by at least one process-
ing unit 202 may be operatively enabled to perform all or
portions of the example location service(s) described
herein. Such computer implementable instructions 208
may also be provided by memory 204, as also illustrated
in this example.
[0043] Memory 204 may also include data 222 that
may be associated with one or more of the example lo-
cation service(s) described herein. All or part of data 222
may also and/or alternatively be provided by other de-
vices 224 (e.g., other computing platform(s), data storage
devices, and/or the like) that may be operatively coupled
to location service resource 108.
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[0044] As illustrated in the example of Fig. 2 and de-
scribed in greater detail below, data 222 may, by way of
example but not limitation include one or more of the
following: positioning information 230, location informa-
tion 232, signal pattern matching information 234, SPS
information 236, GPS data 238, A-GPS data 240, GNSS
data 242, A-GNSS data 244, RTD information 246, esti-
mated RTD information 248, estimated location 250, OT-
DOA information 252, fine time assistance information
254, SPS time information 256, event location informa-
tion 258, combined wireless signaling measurement in-
formation 260, and/or distribution of terminals informa-
tion 262.
[0045] Communication interface 210 may, for exam-
ple, include a receiver 212 and a transmitter 214, and/or
combination thereof. As shown, communication interface
210 may be operatively enabled to communicate over
wireless and/or wired/fiber links. Communication inter-
face 210 may, for example, operatively couple location
service resource 108 with one or more base stations 104,
networks 110, other device 224, and/or the like.
[0046] Attention is now drawn to Fig. 3, which is a flow
diagram illustrating an exemplary method 300 that may
be implemented to provide certain location services.
[0047] At block 302, wireless signaling measurements
may be collected from a plurality of mobile terminals for
a plurality of base stations and based, at least in part
thereon, positioning information 230 may be established
and stored in memory. At block 304, such positioning
information 230 may be subsequently accessed.
[0048] At block 306, signaling information associated
with target terminal 102-t may be received. At block 308,
location information 232 may be determined for or in as-
sociation with target terminal 102-t based, at least in part,
on positioning information 230 and the received signaling
information associated with target terminal 102-t.
[0049] As described in greater detail below, block 308
may, in certain example implementations, include one or
more of blocks 310, 312, 314, 316, and/or 318. At block
310, pattern signal matching may be performed, for ex-
ample, based on signal pattern matching information 234
and the received signaling information associated with
target terminal 102-t. At block 312, for example, estimat-
ed RTD information 248 may be predicted. At block 314,
for example, fine time assistance information 254 may
be established. At block 316, for example, event location
information 258 may be determined. At block 318, for
example, distribution of terminals information 262 may
be determined.
[0050] At block 320, for example, location information
232, fine time assistance information 254, and/or other
information/data within data 222 may be provided to an-
other resource (e.g., device, service, etc.).
[0051] With the above exemplary environment, appa-
ratuses, and methods in mind, additional example details
associated with the methodologies will now be described.
These are intended as examples and as such are not
necessarily intended to limit claimed subject matter.

[0052] Block 302 may, for example, include automati-
cally and/or otherwise populating and/or maintaining a
database (e.g., that includes at least a portion of data
222). For example, such a database may include wireless
signaling measurements 136 (see, Fig. 1) that may be
included in positioning information 230, and/or with which
positioning information 230 may be based, at least in
part. By way of example but not limitation, such a data-
base and/or the like may be populated and/or maintained
based, at least in part, on the techniques presented in
U.S. Patent Application Number 11/830,657, filed July
30, 2007, titled "Determination Of Cell RF Parameters
Based On Measurements By User Equipments", and
which claims priority to U.S. Provisional Patent Applica-
tion Number 60/955,309, filed July 31, 2006. These ap-
plications describe how, for example, sets of signal
measurements may be time-stamped and location-
stamped, and certain techniques for optimizing or other-
wise affecting network configuration and operation based
on such data. Additional and/or alternative example tech-
niques are described in greater detail below that may be
implemented in block 302.
[0053] Regardless as to the techniques employed at
block 302 to establish the positioning information and/or
other applicable information/data within data 222, such
information/data may be access at block 304, for exam-
ple, such that at block 308 location information and/or
other like information/data may be determined. By way
of example, in the sections below, some example location
services are described in which data 222 may opertively
support locating mobile terminals by signal pattern
matching (block 310), location of mobile terminals using
OTDOA and/or predicting an estimated RTD (block 312),
establishing fine time assistance information for an SPS
(e.g., A-GPS, A-GNSS, or the like) (block 314), deter-
mining the location of and/or otherwise tagging of certain
network related events (block 316), and/or determining
a distribution of mobile terminals within a coverage area
or portion thereof (block 318).
[0054] As described herein, having established such
data/database that include positioning information such
as time-stamped and location-stamped signal measure-
ments from many or all terminals in a network, at block
310 signal pattern matching information 234 may be es-
tablished or otherwise accessed and used to support lo-
cating target mobile terminal 102-t by signal pattern
matching. At block 312, RTD information 246 may be
established or otherwise accessed and used to predict
one or more estimated RTDs 248 and/or otherwise sup-
port OTDOA 252 based location of target mobile terminal
102-t. RTD information 246 and/or one or more estimated
RTDs 248 may be used to improve fine time assistance,
for example, by enabling SPS (e.g., GPS or GNSS) timing
association for one base station (e.g., 104-1) to be ob-
tained from that for another base station (e.g., 104-2). At
block 316, the location of target mobile terminal 102-t
and/or other mobile terminals which may be determined
at block 308 based, at least in part, on data 222 (e.g.,
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using pattern matching, OTDOA) may be also be used
to determine the location of certain (e.g., significant) net-
work related events.
[0055] Mobile terminals 102 and/or base stations 104
may be operatively enabled to receive SPS signals, for
example, associated with a GNSS such as GPS, Galileo,
GLONASS, NAVSTAR, and/or the like, and/or applica-
ble/alternative pseudolite based systems.

Example of Block 302

[0056] The following provides a description of a partic-
ular system/technique that may be used with the above
in block 302. In the following, designation that something
is "optimized" "required" or other designation does not
indicated that the current disclosure applies only to sys-
tems that are optimized, or systems in which the "re-
quired" elements are not present (or other limitation due
to other designations). These designations refer only to
the particular described implementation. Of course,
many implementations are possible. The techniques may
be used with protocols other than those discussed herein,
including protocols that are in development or to be de-
veloped.
[0057] For certain wireless technologies, like 3rd Gen-
eration Partnership Project (3GPP) WCDMA, wireless
terminals 102 may be enabled to periodically measure
signal strength and other signal attributes (e.g. signal to
noise ratio) for serving base station and/or neighboring
base stations and to send these to a network resource
(e.g., a 3GPP RNC) in a Measurement Report Message
(MRM) or the like (e.g., positioned wireless signaling
measurements 130). By way of example, in the case of
Frequency Division Duplex (FDD) mode, an MRM may
include the measured signal to noise ratio for the common
pilot channel (CPICH) for a WCDMA base station (e.g.,
3GPP node B), the received signal code power (RSCP)
for the CPICH and the pathloss. Similar information may
be provided for a Time Division Duplex (TDD) mode. The
MRM contents for WCDMA, for example, are currently
defined in 3GPP TS 25.331.
[0058] One purpose of these wireless signaling meas-
urements is to enable the network to decide when to
transfer (handover) a mobile terminal from one base sta-
tion to another base station (e.g., node B) when the mo-
bile terminal starts to move out of the coverage area of
a serving base station(s) and/or transmission to and re-
ception from this base station(s) may be impeded by oth-
er factors (e.g. buildings, walls, vehicles etc.). For WCD-
MA, handover, if it occurs, may take the form of soft
handover in which an additional base station or base sta-
tions may be added to the active set of base stations
currently supporting transmission to and reception from
the mobile terminal (and in which one or more existing
base stations in the active set may be removed). Alter-
natively, a hard handover may be used in which the cur-
rently active set of serving base station(s) may be re-
placed by a new active set of base station(s). For the

purposes of assisting handover, the mobile terminal may
also report the observed timing differences (OTDs) as
seen by the mobile terminal between the signals received
by the mobile terminal from pairs of neighboring or oth-
erwise arranged base stations. An OTD corresponds to
an RTD as seen at a particular location - e.g., the trans-
mission timing difference between a pair of base stations
observed at that location - whereas an RTD concerns
transmission timing at the base station locations. How-
ever, an OTD will generally equal the RTD at any location
equidistant from two base stations. In WCDMA, the OTDs
and signal measurements may be obtained by the mobile
terminal at the same time and reported to the network
together in the same MRM message. The network may
then timestamp each MRM message and store all or por-
tions of it for later evaluation as well make use of the
measurements at the time they were received for deter-
mining handover.
[0059] For evaluating stored measurements at a later
time, the network (e.g. RNC, or other resource(s)) may
store and make available the measurements received
from a large number of different mobile terminals (e.g.,
a plurality of mobile terminals served by a particular RNC)
over a period of time. The measurements may include
not just those from different mobile terminals but also
those received from the same mobile terminal at different
points in time.
[0060] The resulting collection of measurements may
be used to determine the location that each terminal had
when performing each particular set of measurements.
This may be include evaluating the OTDs and making
use of the following information and relationships:

1. The locations of the various base stations may be
known, for example, as obtained using surveying
and/or by SPS measurement.

2. If the RTDs between signal transmissions from
pairs of base stations are also known, then the loca-
tion of a mobile terminal that has provided OTDs
between two or more pairs of base stations may be
determined for the time at which the OTDs were
measured. This is a well known property of position-
ing methods based on OTD measurements. RTDs
may be known if the base stations are synchronized
to a common timing (e.g. GPS time) or if the base
station transmissions times have a known relation
to some common time or if separate measurement
units at known locations periodically measure the
RTDs between pairs of base stations.

3. If the RTDs are not known, the location of a mobile
terminal may not be determined from a set of OTD
measurements provided by that mobile terminal.
However, the locations of a plurality of mobile termi-
nals may be determined from the set of OTD meas-
urements that the plurality of mobile terminals pro-
vides due to redundancy in the provided OTD meas-
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urements. In essence, if the number of OTD meas-
urements provided by the plurality of mobile termi-
nals significantly exceeds the number of RTD values
between the pairs of base stations for which OTDs
are provided, combined with the number of terminal
(e.g., x, y) coordinates for the locations at which ter-
minals send measurements to the network, then it
may be possible to solve for (e.g., x, y) coordinates
and RTD values because there may be more rela-
tionships between these variables than there may
be variables.

4. Different methods may be used to solve for the (x,
y) coordinates and RTD values. For example, itera-
tive methods may be implemented to do this using
Positioning MRMs in which, for example, estimates
or fixed initial values for the unknown coordinate and
RTD values are first assumed and the equations re-
lating these unknown values to the known measured
OTD values are then used to obtain new and more
accurate estimates for the coordinate and RTD val-
ues. The more accurate estimates may then be re-
introduced into the equations to obtain yet more ac-
curate estimates and the process may be repeated
(iterated) until the values for the location coordinates
and RTDs converge to fixed values.

[0061] The location of each mobile terminal from which
each MRM message was sent may be added to the MRM
measurement data - resulting in sets of signal measure-
ments at known times and known locations. A network
operator or service may then use this data to determine
signal conditions over the all or part of a network cover-
age area for the period of time covered by the measure-
ments, excluding those areas where coverage is not pro-
vided. Here, for example, the latter areas may be identi-
fied from the lack of measurement reports for locations
within them. Furthermore, for areas where signal meas-
urements are received, measurements from different ter-
minals and from the same terminal at different times may
be combined (e.g. averaged, etc.) for the same or nearly
the same locations to provide a desired level of accuracy
in the signal data.
[0062] Such measurements may, for example, be re-
lated to time of day (e.g. averaged over consecutive days
for the same time of day). Such measurement data may
also be combined with other data obtained from or ob-
served for mobile terminals (e.g., dropped calls, failed
call attempts, etc.) to better correlate signal conditions
with the consequences that may be caused by the signal
conditions to wireless service. The combined signal
measurement, timestamp and location data may be used
to determine the distribution of mobile terminals over all
or portions of the coverage area (e.g., density of mobile
terminals at each location as a function of time of day
and day of week, or the like). Here, for example, such
resulting distribution of terminals information 262 may be
of assistance to operators or services in improving net-

work coverage (e.g., may help indicate useful adjust-
ments to base stations like increased or reduced power
output, antenna tilt, antenna height etc., and/or the loca-
tions where additional base stations may prove benefi-
cial).

Example of Block 310

[0063] At block 310, such positioning MRM information
may be used to assist locating target mobile terminal 102-
t, using signal pattern matching. Thus, in addition to as-
sisting network operators or services to improve and/or
otherwise optimize network coverage, positioning MRM
data or the like may be used to help locate target mobile
terminal 102-t, e.g., as part of network location service,
friend finder, direction finding, location of an emergency
call, and/or the like.
[0064] One known method that may be used to deter-
mine the location of a mobile terminal is to obtain signal
information from the mobile terminal of the serving and
neighboring base stations (e.g. signal strength measure-
ments and signal to noise ratios such as those sent in
WCDMA MRM messages). Such signal information may
then be compared to previously obtained signal meas-
urements for the network made at a large number of dif-
ferent known locations covering the network serving ar-
ea. If a match is found to a particular set of previously
obtained signal measurements, in terms of having the
same or almost the same corresponding signal meas-
urements, then the known location at which those meas-
urements were made may provide a good location esti-
mate for the mobile terminal.
[0065] The above method relies on the fact that the set
of signal measurements at any location is normally dis-
tinct from that at other locations and generally stable with
time. This stable set of signal measurements may be
regarded as a pattern or profile. For example, in two wide-
ly separate locations, the set of observable base stations
may be different causing an obvious difference in the
pattern of observed signal measurements. At two loca-
tions that are close together where the same set of base
stations may be observable, the signal strengths and sig-
nal qualities for all base stations may not be the same,
e.g., due to differing distances to each base station, dif-
ferent line of sight conditions, different levels of attenu-
ation, different multipath conditions for non-line of sight
to any base station, and/or other like factors. Thus the
two patterns of signal measurements may not be the
same.
[0066] To obtain the signal conditions at every location
initially, different methods are available. One simple but
time consuming and expensive method is to measure
the signals at all locations or at a large number of loca-
tions. Another method is to calculate the expected signal
measurements based on knowledge of base station lo-
cations, transmission characteristics and local topogra-
phy (e.g., ground elevations and building and flora cov-
erage). A combination of both methods may be used, for
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example, by measuring signals for a sampling of loca-
tions covering the network serving area and calculating
signals for the remaining locations based on the meas-
ured signals for nearby locations.
[0067] To make the method more accurate and sys-
tematic, it may be convenient to calculate or measure
signals at a set of pre-defined closely spaced locations,
e.g., by overlaying a network coverage area with a rec-
tangular or other like grid defining a set of points at fixed
distances (e.g., 100 meters) from one another.
[0068] Measuring signals and/or calculating them ac-
cording to these example processes above may not oc-
cur very often. Hence, the resulting data/database of sig-
nal measurements may contain errors, such as, e.g., er-
rors resulting from incorrect signal measurement or cal-
culation, and/or errors resulting from changes to network
operation and local topography that may have occurred
subsequent to compiling the initial set of measurements.
Examples of such changes may include building con-
struction, extension and demolition, deforestation, high-
way construction, changes in traffic flow, addition of new
base stations and changes to existing base stations,
and/or the like.
[0069] In order to avoid having to periodically re-meas-
ure or recalculate signal conditions and enable detection
and correction of any initial errors in these, it may be an
advantage to obtain signal measurements using other
methods that may be employed on a continuous basis.
There may also be an advantage in using such methods
to compile the initial database of signal measurements
or to validate and/or improve such an initial data/data-
base obtained by other methods.
[0070] Thus, for example, in accordance with certain
aspects of the present description, positioning MRMs or
like method of collecting terminal signal measurements
and deriving the mobile terminal locations from them may
be used to establish and/or help establish a signal meas-
urement database for use with signal pattern matching.
Such methodology may further be employed to maintain
the data/database as base station transmission and local
topography may change. To accomplish this, the network
may timestamp and store sets of MRM messages as they
are received from mobile terminals, for example, in the
normal course of network operation. At periodic intervals,
the signaling measurements in the stored MRM messag-
es may be used to determine the locations from which
each MRM message had been sent. The result may in-
clude, for example, sets of MRM measurements with
each set of MRM measurements having a timestamp and
location. For each pre-defined location for which signal
measurement data was needed, MRM measurements
may first be collected (e.g., from the sets of time-stamped
and located MRM measurements) for locations the same
as or close to this. These measurements may, for exam-
ple, then be combined to yield a single set of measure-
ments (e.g., comprising signal strength and signal quality
measurements for nearby base stations). Such a method
of combination may, for example, employ averaging of

corresponding measurements or weighted averaging
(e.g. with higher weights assigned to measurements at
locations closer to the required pre-defined location) or
may employ some amount of calculation (e.g., adjust-
ment of measurements from locations different to the pre-
defined location according to the differences in topogra-
phy and distances to the measured base stations at these
locations). The results of such method of combination
may include a single set of combined signal measure-
ments for each pre-defined location, which may be used
to replace or adjust (e.g., using a weighted averaging
method) any previous set of signal measurements for
these pre-defined locations. For pre-defined locations for
which no MRM measurements may be available at near-
by locations, previous measurement data may continue
to be used.
[0071] The resulting data/database of signal measure-
ments, collected using positioning MRMs, to support lo-
cation using pattern matching may be further improved
by obtaining precise locations for some of the mobile ter-
minals providing the MRM signal measurements. For ex-
ample, a mobile terminal may provide a SPS (e.g., GPS,
A-GPS, etc.) derived location estimate in association with
the signal measurements. Alternatively, the network
(e.g., a RNC or other like resource) may obtain a location
estimate of a mobile terminal itself (e.g., by invoking a
SPS location). The more accurate locations together with
the associated OTD values may be used to obtain more
accurate RTD values between pairs of base stations
which in turn may improve the accuracy of other locations
obtained from the OTD and RTD values. The resulting,
possibly more accurate, locations may enable more pre-
cise signal measurements to be obtained for the pre-
defined locations for signal pattern matching information
234, for example.
[0072] The signal measurements collected as de-
scribed above may then be used to locate or help locate
the target mobile terminal in block 310 by comparing sig-
nal measurements from the target mobile terminal to sig-
nal measurements in database 222 that was established
in block 302 and finding the location stored in the data-
base whose associated signal measurements most
closely match the signal measurements from the target
mobile terminal.

Example of Block 312

[0073] Thus, for example, in accordance with certain
aspects of the present description, portions of data 222
and/or other like data/database may be used to assist
locating target mobile terminal 102-t based, at least in
part, on observed time differences according to Block
312.
[0074] Various positioning methods that make use of
measurements of observed timing differences between
pairs of base stations by a mobile terminal whose location
is to be determined are well known and include, for ex-
ample, using an OTDOA to locate a mobile terminal in a
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WCDMA network, or using an Enhanced Observed Time
Difference (E-OTD) to locate a mobile terminal in a GSM
network. However, for either of these known positioning
methods, the locations of base stations and the RTDs
between base stations needs to be known together with
OTDs in order to calculate a location for the mobile ter-
minal. Here, for example, such RTDs are typically meas-
ured by special Location Measurement Units (LMUs) at
known locations but this may be time consuming and/or
expensive.
[0075] In accordance with certain aspects of the
present description, to obtain RTDs more easily in the
case of OTDOA, a Positioning MRMs method may be
employed to determine the RTDs between pairs of base
stations as described above. This determination may not
occur in real time since it may be necessary to first gather
the MRM measurement data across part or all of a net-
work from a large number of terminals before calculating
the mobile terminal locations and RTDs iteratively from
the redundant OTD measurements. Hence, the obtained
RTDs may relate to times in the past. However, one may
use such "historic" RTD values to determine whether the
RTD is static or changing and, in the latter case, whether
it is changing at a deterministic rate (e.g., whether there
may be some constant drift or other definable change in
each RTD).
[0076] Base stations 104 may be enabled, as is known,
to support precise timing and to maintain a constant
transmission rate over certain periods. Exceptions to this
are normally rare and, when they occur, normally involve
a sudden change of timing from one stable setting to
another. By examining the RTDs, it may be possible to
determine those pairs of base stations for which constant
(or at least deterministic) timing may be supported com-
pared to other pairs of base stations for which timing dif-
ferences may be erratic or have changed from one stable
value to another. By obtaining RTDs for several or many
pairs of base stations in which the same base stations
appears more than once, it may also be possible to isolate
any individual base stations which have erratic timing or
sudden changes in stable timing. For example, if RTDs
are obtained between pairs of base stations in the set
{A, B, C}, and it is observed that base station pair {A, B}
exhibits a stable or deterministic RTD whereas base sta-
tion pairs {B, C} and {A, C} exhibit erratic or suddenly
changed RTDs, then it may be concluded that base sta-
tions A and B must have constant or deterministic timing
whereas C is erratic or suddenly changed.
[0077] The RTDs between all base stations with con-
stant or deterministic timing may then be used to support
location determination using OTDOA because it may rea-
sonable to infer the RTDs between these base stations
in the future. Moreover, if the RTDs are periodically, re-
calculated, any changes to base station timing (e.g., a
change from one stable RTD value to another) may be
detected.
[0078] In terms of location determination accuracy, the
accuracy of the location of target mobile terminal 102-t

may be limited by the accuracy of the RTDs obtained by
the positioning MRMs method. As such, the accuracy of
the location of target mobile terminal 102-t may be im-
proved with higher accuracy in the OTDs provided by
terminals in the periodic signal measurements sent to
the network.

Example of Block 316

[0079] In accordance with certain other aspects of the
present description, network events may be identified us-
ing location tagging based on the methodologies pre-
sented herein according to Block 316. A network may
sometimes experience a large number of related and
possibly significant events either temporarily or over a
prolonged time intervals. Examples of this may include
a large number of dropped calls, call attempt failures, call
handovers, dropped text messages and/or other types
of service failure and anomaly. However, such network
events may be specific to certain locations. Such network
events may be one off, intermittent or continuous. It may
be beneficial for an operator to determine the location of
such network events in order to help determine the cause
and/or determine suitable actions for recovery or im-
provement.
[0080] If the location of one or more mobile terminals
may be determined where such network events are ex-
perienced, then such network events may be location
tagged and/or otherwise handled. The location of a mo-
bile terminal, for example, may be determined using a
positioning MRMs method as presented herein, e.g., us-
ing pattern matching and/or OTDs.
[0081] Once the location of a mobile terminal is ob-
tained, the network event together with the location may
be sent to a network resource along with similar locations
and events obtained for other mobile terminals. By view-
ing the ensemble of reported events and locations, a hu-
man and/or automatic analysis tool may be employed to
isolate specific location areas, time periods, etc., with a
high incidence of unusual but common network events.

Example of Block 314

[0082] In accordance with certain other aspects of the
present description, fine time assistance for SPS (e.g.,
A-GPS, A-GNSS, or the like) location may be provided
according to Block 314 using the methodologies herein.
[0083] It is known that the accuracy, reliability and re-
sponse time of location estimates for mobile terminals
obtained using SPS techniques, such as Assisted GPS
(A-GPS) or Assisted Global Navigation Satellite System
(A-GNSS) for systems such as Galileo or GLONASS or
modernized GPS may be improved if the mobile terminal
is provided with an accurate SPS (e.g., GPS or GNSS)
reference time. This may be accomplished if the network
provides a mobile terminal with fine time assistance in-
formation associating the local transmission timing of the
serving base station (or some other observable neigh-
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boring base station) and such SPS time. The mobile ter-
minal may then use this association/information to derive
SPS time at any future time through association with the
current base station transmission timing.
[0084] In order to provide fine timing assistance to mo-
bile terminals, a network may use its own measurement
capabilities (e.g., using hardware/software elements in
each base station and/or other like elements external to
the base station) to measure the association of base sta-
tion and SPS timing. However, such arrangements may
be expensive to deploy. A less expensive alternative may
be to rely on such measurements provided by mobile
terminals whose locations are also provided or deter-
mined (e.g., if a mobile terminal provides the network
with both the base station timing associations with SPS
time and either its current location or a set of SPS meas-
urements that may be used by the network to derive the
mobile terminal location). Knowing the mobile terminal’s
location, network resources may, for example, calculate
a propagation delay to a base station and may adjust the
association provided by the mobile terminal between a
base station timing and SPS time to the association be-
tween these times that is applicable to the location of the
base station rather than the mobile terminal. This timing
association may, for example, be used later to provide a
timing association to another terminal.
[0085] One possible concern with the second method
above may be that not all terminals may support SPS
location and even those that do may not always provide
the necessary data (e.g., base station to SPS timing as-
sociation and either SPS location measurements or a
location estimate derived from this). This may be due to
battery conservation and/or deactivation of location sup-
port by the user, for example. A similar concern may apply
to the first method above if the network deploys only
enough measurement elements to provide timing asso-
ciation for some but not necessarily all base stations.
This may result in a network knowing the SPS timing
association for only a subset of the base stations.
[0086] To overcome this limitation, the exemplary po-
sitioning MRMs methods presented herein may be used
to determine the RTDs between pairs of base stations
and the stability of these RTDs and/or a possible drift
rate. If the SPS timing association with a base station "X"
is known, the SPS timing association with another base
station "Y" may be determined, for example, by using the
RTD between X and Y to convert X transmission timing
to Y transmission timing. This technique may be applied
when the RTD between X and Y is known directly and
when it is not known directly but where RTDs are known
between a sequence of base stations pairs {X, B1}, {B1,
B2}, {B2, B3}, ... (Bn-1, Bn}, {Bn,Y} since in the latter
case, the RTDs for the individual base station pairs may
be combined (e.g., summed) to give the RTD between
X and Y.
[0087] Using the positioning MRMs method to deter-
mine the RTDs betweens pairs of base stations may
therefore enable a network to extend the known trans-

mission timing associations with SPS time for a number
of base stations to cover all or most base stations in the
network. This then may enable fine time assistance in-
formation to be provided to a number of mobile terminals.
[0088] While certain example networks have been il-
lustrated thus far, it should be understood that certain
example mobile terminals, base stations, networks, etc.,
may be enabled for use with various wireless communi-
cation networks, such as, a wireless wide area network
(WWAN), a wireless local area network (WLAN), a wire-
less personal area network (WPAN), and so on. Herein,
the term "network" and "system" may be used inter-
changeably herein. A WWAN may be a Code Division
Multiple Access (CDMA) network, a Time Division Mul-
tiple Access (TDMA) network, a Frequency Division Mul-
tiple Access (FDMA) network, an Orthogonal Frequency
Division Multiple Access (OFDMA) network, a Single-
Carrier Frequency Division Multiple Access (SC-FDMA)
network, and so on. A CDMA network may implement
one or more radio access technologies (RATs) such as
cdma2000, Wideband-CDMA (W-CDMA), to name just
a few radio technologies. Here, cdma2000 may include
technologies implemented according to IS-95, IS-2000,
and IS-856 standards. A TDMA network may implement
Global System for Mobile Communications (GSM), Dig-
ital Advanced Mobile Phone System (D-AMPS), or some
other RAT. GSM and W-CDMA are described in docu-
ments from a consortium named "3rd Generation Part-
nership Project" (3GPP). Cdma2000 is described in doc-
uments from a consortium named "3rd Generation Part-
nership Project 2" (3GPP2). 3GPP and 3GPP2 docu-
ments are publicly available. A WLAN may include an
IEEE 802.11x network, and a WPAN may include a Blue-
tooth network, an IEEE 802.15x, for example.
[0089] In certain exemplary implementations, the
methodologies, techniques and/or functions described
herein may be implemented in hardware, software,
firmware, or any combination thereof. If implemented in
software, the functions may be stored on or transmitted
over as one or more instructions or code on a computer-
readable medium. Computer-readable media includes
both computer storage media and communication media
including any medium that facilitates transfer of a com-
puter program from one place to another. A storage me-
dia may be any available media that may be accessed
by a computer. By way of example, and not limitation,
such computer-readable media can comprise RAM,
ROM, EEPROM, CD-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices,
or any other medium that may be used to carry or store
desired program code in the form of instructions or data
structures and that may be accessed by a computer. Al-
so, any connection may be properly termed a computer-
readable medium. For example, if the software is trans-
mitted from a website, server, or other remote source
using a coaxial cable, fiber optic cable, twisted pair, digital
subscriber line (DSL), or wireless technologies such as
infrared, radio, and microwave, then the coaxial cable,
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fiber optic cable, twisted pair, DSL, or wireless technol-
ogies such as infrared, radio, and microwave are includ-
ed in the definition of medium. Disk and disc, as used
herein, includes compact disc (CD), laser disc, optical
disc, digital versatile disc (DVD), floppy disk and blu-ray
disc where disks usually reproduce data magnetically,
while discs reproduce data optically with lasers. Combi-
nations of the above should also be included within the
scope of computer-readable media.
[0090] While there has been illustrated and described
what are presently considered to be example features,
it will be understood by those skilled in the art that various
other modifications may be made, and equivalents may
be substituted, without departing from claimed subject
matter. Additionally, many modifications may be made
to adapt a particular situation to the teachings of claimed
subject matter without departing from the central concept
described herein.
[0091] Therefore, it is intended that claimed subject
matter not be limited to the particular examples disclosed,
but that such claimed subject matter may also include all
aspects falling within the scope of appended claims, and
equivalents thereof.

Claims

1. A method (300) comprising:

accessing (304) positioning information (230)
stored in a database, the positioning information
associated with wireless signaling measure-
ments (130) and observed timing differences,
OTDs of signals received from pairs of base sta-
tions of a plurality of base stations (104), said
wireless signaling measurements (130) and
OTDs being collected from a plurality of mobile
terminals (102); and
determining (308) location information (232) for
a target mobile terminal (102-t) based, at least
in part, on said positioning information (230) and
signaling information associated with said target
mobile terminal (120-t),
wherein determining the location information for
the target mobile terminal includes determining
the location information for the target mobile ter-
minal based on an observed time difference of
arrival, OTDOA, for the target mobile terminal
and on at least one estimated real time differ-
ence, RTD for pairs of base stations, wherein
the RTD is determined based, at least in part,
on said OTDs collected from the plurality of mo-
bile terminals.

2. The method as recited in Claim 1, wherein determin-
ing location information (232) for said target mobile
terminal (102-t) comprises performing (310) signal
pattern matching based, at least in part, on said po-

sitioning information (232) and said signaling infor-
mation associated with said target mobile terminal
(102-t),
wherein at least some of the wireless signaling
measurements collected from the plurality of mobile
terminals, including wireless signaling measure-
ments for performing said signal pattern matching,
are associated with respective locations of the plu-
rality of mobile terminals and the plurality of base
stations determined, at least in part, based on the
OTDs and on the at least one estimated RTD.

3. The method as recited in Claim 1, further comprising:
receiving (306) said signaling information associated
with said target mobile terminal (102-t).

4. The method as recited in Claim 1, wherein at least
one of said wireless signaling measurements (130)
comprises corresponding time-stamp information.

5. The method as recited in Claim 1, wherein at least
one of said wireless signaling measurements (130)
comprises corresponding mobile terminal location
information (230),
wherein said mobile terminal location information
(230) is preferably based, at least in part, on Satellite
Positioning System (SPS) information (236), and
wherein said SPS information (236) is preferably
based, at least in part, on at least one of Global Po-
sitioning System (GPS) data (238), Assisted-GPS
(A-GPS) data (240), Global Navigation Satellite
Services (GNSS) data (242), and/or Assisted-GNSS
(A-GNSS) data (244).

6. The method as recited in Claim 1, wherein at least
one of said wireless signaling measurements (130)
is based, at least in part, on a Measurement Report
Message (MRM) associated with at least one of said
plurality of mobile terminals (102).

7. The method as recited in Claim 1, wherein said po-
sitioning information (230) comprises Real Time Dif-
ference (RTD) information (246).

8. The method as recited in Claim 1, further comprising:
predicting (312) one or more estimated Real Time
Differences (RTDs) (248) based, at least in part, on
said positioning information (230).

9. The method as recited in Claim 8, further comprising:
determining an estimated location (250) of said tar-
get mobile terminal (102-t) based, at least in part, on
an Observed Time Difference of Arrival (OTDOA)
(252) and at least one of said one or more estimated
RTDs (248).

10. The method as recited in Claim 8, further comprising:
establishing (314) fine time assistance information
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(254) for at least one base station (104) based, at
least in part, on at least one of said one or more
estimated RTDs (248).

11. The method as recited in Claim 10, wherein said fine
time assistance information (254) is associated with
a Satellite Positioning System (SPS) time (256).

12. The method as recited in Claim 1, wherein at least
one of said wireless signaling measurements (130)
comprises a combined wireless signaling measure-
ment (260), and
Determining (318) a distribution of mobile terminals
(102) within a coverage area based, at least in part,
on said combined signal measurement (260).

13. The method as recited in Claim 1, further comprising:

establishing said positioning information (230)
by:

receiving (306) wireless signal measure-
ments (130) and OTDs associated with said
plurality of mobile terminals (102) and said
plurality of base stations (104), and
determining (308) location estimates (250)
for said plurality of mobile stations (102) and
RTDs (248) for said plurality of base stations
(104); and

establishing signal measurements (130) for dif-
ferent locations based, at least in part, on said
wireless signal measurements (130) and said
location estimates (250).

14. An apparatus comprising:

means for accessing (304) positioning informa-
tion (230) stored in a database, the positioning
information associated with wireless signaling
measurements (130) and observed timing dif-
ferences, OTDs, of signals received from pairs
of base stations of a plurality of base stations
(104), said wireless signaling measurements
(130) and OTDs being collected from a plurality
of mobile terminals (102); and
means for determining (208) location informa-
tion (232) for a target mobile terminal (102-t)
based, at least in part, on said positioning infor-
mation (230) and signaling information associ-
ated with said target mobile terminal (102-t),
wherein determining the location information for
the target mobile terminal includes determining
the location information for the target mobile ter-
minal based on an observed time difference of
arrival, OTDOA, for the target mobile terminal
and on at least one estimated real time differ-
ence, RTD for pairs of base stations, wherein

the RTD is determined based, at least in part,
on said OTDs collected from the plurality of mo-
bile terminals.

15. A computer program product having computer im-
plementable instructions to carry out any of the steps
of claims 1-13.

Patentansprüche

1. Ein Verfahren (300), das Folgendes aufweist:

Zugreifen (304) auf Positionsbestimmungsinfor-
mation (230), die in einer Datenbank gespei-
chert ist, wobei die Positionsbestimmungsinfor-
mation mit Drahtlossignalisierungsmessungen
(130) und beobachteten Timing-Differenzen
bzw. OTDs (OTD = observed timing difference)
von Signalen, die von Paaren von Basisstatio-
nen einer Vielzahl von Basisstationen (104)
empfangen werden, assoziiert ist, wobei die
Drahtlossignalisierungsmessungen (130) und
die OTDs von einer Vielzahl von Mobilendgerä-
ten (102) gesammelt werden; und
Bestimmen (308) von Standortinformation (232)
für ein Zielmobilendgerät (102-t) basierend we-
nigstens teilweise auf der Positionsbestim-
mungsinformation (230) und Signalisierungsin-
formation, die mit dem Zielmobilendgerät (120-
t) assoziiert ist,
wobei das Bestimmen der Standortinformation
für das Zielmobilendgerät Bestimmen der
Standortinformation für das Zielmobilendgerät
basierend auf einer beobachteten zeitlichen Dif-
ferenz der Ankunft bzw. OTDOA (OTDOA = ob-
served time difference of arrival) für das Zielmo-
bilendgerät und wenigstens einer geschätzten
Echtzeitdifferenz bzw. RTD (RTD = real time dif-
ference) für Paare von Basisstationen beinhal-
tet, wobei die RTD bestimmt wird basierend we-
nigstens teilweise auf den OTDs, die von der
Vielzahl von Mobilendgeräten gesammelt wer-
den.

2. Verfahren nach Anspruch 1, wobei das Bestimmen
von Standortinformation (232) für das Zielmobilend-
gerät (102-t) Durchführen (310) von Signalmuster-
abgleich basierend wenigstens teilweise auf der Po-
sitionsbestimmungsinformation (232) und der Sig-
nalisierungsinformation, die mit dem Zielmobilend-
gerät (102-t) assoziiert ist, aufweist,
wobei wenigstens einige der Drahtlossignalisie-
rungsmessungen, die von der Vielzahl von Mobi-
lendgeräten gesammelt werden, die Drahtlossigna-
lisierungsmessungen zum Durchführen des Signal-
musterabgleichs beinhalten, die mit jeweiligen
Standorten der Vielzahl von Endgeräten und der
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Vielzahl von Basisstationen assoziiert sind, die we-
nigstens teilweise basierend auf den OTDs und der
wenigstens einen geschätzten RTD bestimmt wer-
den.

3. Verfahren nach Anspruch 1, das weiter Folgendes
aufweist:
Empfangen (306) der Signalisierungsinformation,
die mit dem Zielmobilendgerät (102-t) assoziiert ist.

4. Verfahren nach Anspruch 1, wobei wenigstens eine
der Drahtlossignalisierungsmessungen (130) ent-
sprechende Zeitstempelinformation aufweist.

5. Verfahren nach Anspruch 1, wobei wenigstens eine
der Drahtlossignalisierungsmessungen (130) ent-
sprechende Mobilendgerätstandortinformation
(230) aufweist,
wobei die Mobilendgerätstandortinformation (230)
vorzugsweise wenigstens teilweise auf Satellitenpo-
sitionsbestimmungssystem- bzw. SPS-Information
(SPS = Satellite Positioning System) (236) basiert,
und
wobei die SPS-Information (236) vorzugsweise we-
nigstens teilweise auf wenigstens einem von GPS-
Daten (GPS = Global Positioning System) (238), A-
GPS-Daten (A-GPS = Assisted-GPS) (240), GNSS-
Daten (GNSS = Global Navigation Satellite Ser-
vices) (242) und/oder A-GNSS-Daten (A-GNSS =
Assisted-GNSS) (244) basiert.

6. Verfahren nach Anspruch 1, wobei die wenigstens
eine der Drahtlossignalmessungen (130) wenigs-
tens teilweise auf einer Messungsberichtnachricht
bzw. MRM (MRM = Measurement Report Message)
basiert, die mit wenigstens einem der Vielzahl von
Mobilendgeräten (102) assoziiert ist.

7. Verfahren nach Anspruch 1, wobei die Positionsbe-
stimmungsinformation (230) Echtzeitdifferenz- bzw.
RTD-Information (RTD = Real Time Difference)
(246) aufweist.

8. Verfahren nach Anspruch 1, das weiter Folgendes
aufweist:
Vorhersagen (312) von einer oder mehreren ge-
schätzten Echtzeitdifferenzen bzw. RTDs (RTD =
Real Time Difference) (248) basierend wenigstens
teilweise auf der Positionsbestimmungsinformation
(230).

9. Verfahren nach Anspruch 8, das weiter Folgendes
aufweist:
Bestimmen eines geschätzten Standortes (250) des
Zielmobilendgeräts (102-t) basierend wenigstens
teilweise auf einer beobachteten zeitlichen Differenz
der Ankunft bzw. OTDOA (OTDOA = Observed Time
Difference of Arrival) (252) und wenigstens einer der

ein oder mehreren geschätzten RTDs (248).

10. Verfahren nach Anspruch 8, das weiter Folgendes
aufweist:
Ermitteln (314) von Assistenzinformation (254) für
eine hochgenaue Zeit für wenigstens eine Basissta-
tion (104) basierend wenigstens teilweise auf we-
nigstens einem der ein oder mehreren geschätzten
RTDs (248).

11. Verfahren nach Anspruch 10, wobei die Assistenz-
information (254) für eine hochgenaue Zeit mit einer
Satellitenpositionsbestimmungssystem- bzw. SPS-
Zeit (256) assoziiert ist.

12. Verfahren nach Anspruch 1, wobei wenigstens eine
der Drahtlossignalisierungsmessungen (130) eine
kombinierte Drahtlossignalisierungsmessung (260)
aufweist, und
Bestimmen (318) einer Verteilung von Mobilendge-
räten (102) innerhalb eines Abdeckungsbereichs ba-
sierend wenigstens teilweise auf der kombinierten
Signalmessung (260).

13. Verfahren nach Anspruch 1, das weiter Folgendes
aufweist:

Ermitteln der Positionsbestimmungsinformation
(230) durch:

Empfangen (306) von Drahtlossignalmes-
sungen (130) und OTDs, die mit der Vielzahl
von Mobilendgeräten (102) und der Vielzahl
von Basisstationen (104) assoziiert sind,
und
Bestimmen (308) von Standortschätzun-
gen (250) für die Vielzahl von Mobilstatio-
nen (102) und RTDs (248) für die Vielzahl
von Basisstationen (104); und

Ermitteln von Signalmessungen (130) für unter-
schiedliche Standorte basierend wenigstens
teilweise auf den Drahtlossignalmessungen
(130) und den Standortschätzungen (250).

14. Eine Vorrichtung, die Folgendes aufweist:

Mittel zum Zugreifen (304) auf Positionsbestim-
mungsinformation (230), die in einer Datenbank
gespeichert ist, wobei die Positionsbestim-
mungsinformation mit Drahtlossignalisierungs-
messungen (130) und beobachteten Timing-
Differenzen bzw. OTDs (OTD = observed timing
difference) von Signalen, die von Paaren von
Basisstationen einer Vielzahl von Basisstatio-
nen (104) empfangen werden, assoziiert ist, wo-
bei die Drahtlossignalisierungsmessungen
(130) und die OTDs von einer Vielzahl von Mo-
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bilendgeräten (102) gesammelt werden; und
Mittel zum Bestimmen (208) von Standortinfor-
mation (232) für ein Zielmobilendgerät (102-t)
basierend wenigstens teilweise auf der Positi-
onsbestimmungsinformation (230) und Signali-
sierungsinformation, die mit dem Zielmobilend-
gerät (102-t) assoziiert ist, wobei das Bestim-
men der Standortinformation für das Zielmobi-
lendgerät Bestimmen der Standortinformation
für das Zielmobilendgerät basierend auf einer
beobachteten zeitlichen Differenz der Ankunft
bzw. OTDOA (OTDOA = observed time diffe-
rence of arrival) für das Zielmobilendgerät und
wenigstens einer geschätzten Echtzeitdifferenz
bzw. RTD (RTD = real time difference) für Paare
von Basisstationen beinhaltet, wobei die RTD
bestimmt wird basierend wenigstens teilweise
auf den OTDs, die von der Vielzahl von Mobi-
lendgeräten gesammelt werden.

15. Ein Computerprogrammprodukt mit von einem Com-
puter implementierbaren Instruktionen zum Durch-
führen jeglicher der Schritte der Ansprüche 1-13.

Revendications

1. Procédé (300) comprenant :

l’accès (304) à des informations de position
(230) stockées dans une base de données, les
informations de position étant associées à des
mesures de signalisation sans fil (130) et à des
différences temporelles observées, OTDs, de
signaux reçus de paires de stations de base
d’une pluralité de stations de base (104), lesdi-
tes mesures de signalisation sans fil (130) et les
OTDs étant collectées d’une pluralité de termi-
naux mobiles (102) ; et
la détermination (308) d’informations de locali-
sation (232) pour un terminal mobile cible (102-
t) à partir, au moins en partie, desdites informa-
tions de position (230) et d’informations de si-
gnalisation associées audit terminal mobile cible
(120-t),
dans lequel la détermination des informations
de localisation pour le terminal mobile cible com-
prend la détermination d’informations de locali-
sation pour le terminal mobile cible à partir d’une
différence de temps d’arrivée observée,
OTDOA, pour le terminal mobile cible et d’au
moins une différence de temps réel, RTD, esti-
mée pour des paires de stations de base, dans
lequel la RTD est déterminée sur la base, au
moins en partie, desdites OTDs collectées à par-
tir de la pluralité de terminaux mobiles.

2. Procédé selon la revendication 1, dans lequel la dé-

termination desdites informations de localisation
(232) pour ledit terminal mobile cible (102-t) com-
prend la réalisation (310) d’une correspondance de
motifs de signaux basée sur, au moins en partie,
lesdites informations de positionnement (232) et les-
dites informations de signalisation associées audit
terminal mobile cible (102-t),
dans lequel au moins certaines des mesures de si-
gnalisation sans fil collectées de la pluralité de ter-
minaux mobiles, y compris des mesures de signali-
sation sans fil pour effectuer ladite correspondance
de motifs de signaux, sont associées aux localisa-
tions respectives de la pluralité de terminaux mobiles
et de la pluralités de stations de base déterminées,
au moins en partie, à partir des OTDs et de ladite au
moins une RTD estimée.

3. Procédé selon la revendication 1, comprenant en
outre :
la réception (306) desdites informations de signali-
sation associées audit terminal mobile cible (102-t).

4. Procédé selon la revendication 1, dans lequel au
moins une desdites mesures de signalisation sans
fil (130) comprend des informations d’horodatage
correspondantes.

5. Procédé selon la revendication 1, dans lequel au
moins une desdites mesures de signalisation sans
fil (130) comprend des informations de localisation
(230) de terminal mobile correspondantes,
dans lequel lesdites informations de localisation
(230) de terminal mobile sont de préférence basées,
au moins en partie, sur des informations (236) de
système de positionnement par satellite (SPS),
dans lequel lesdites informations SPS (236) sont de
préférence basées, au moins en partie, sur au moins
une des données suivantes : données (238) de sys-
tème de positionnement global (GPS), données
(240) assistées par GPS (A-GPS), données (242)
de services de navigation globale par satellite
(GNSS) et/ou données (244) assistées par GNSS
(A-GNSS).

6. Procédé selon la revendication 1, dans lequel au
moins une desdites mesures de signalisation sans
fil (130) est basée, au moins en partie, sur un mes-
sage de rapport de mesure (MRM) associé à au
moins un de ladite pluralité de terminaux mobiles
(102).

7. Procédé selon la revendication 1, dans lequel lesdi-
tes informations de positionnement (230) compren-
nent des informations (246) de différence de temps
réel (RTD).

8. Procédé selon la revendication 1, comprenant en
outre :
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la prédiction (312) d’une ou plusieurs estimations de
différences de temps réel (RTDs) (248) sur la base,
au moins en partie, desdites informations de posi-
tionnement (230).

9. Procédé selon la revendication 8, comprenant en
outre :
la détermination d’une localisation estimée (250) du-
dit terminal mobile cible (102-t) sur la base, au moins
en partie, d’une différence de temps d’arrivée obser-
vée (OTDOA) (252) et d’au moins un desdits un ou
plusieurs RTDs estimés (248).

10. Procédé selon la revendication 8, comprenant en
outre :
l’établissement (314) d’informations d’assistance
temporelle fine (254) pour au moins une station de
base (104) à partir, au moins en partie, d’au moins
un desdits un ou plusieurs RTDs estimés (248).

11. Procédé selon la revendication 10, dans lequel les-
dites informations d’assistance temporelle fine (254)
sont associées à une heure (256) du système de
positionnement par satellite (SPS).

12. Procédé selon la revendication 1, dans lequel au
moins une desdites mesures de signalisation sans
fil (130) comprend une mesure de signalisation sans
fil combinée (260), et
comprenant la détermination (318) d’une distribution
de terminaux mobiles (102) dans une zone de cou-
verture sur la base, au moins en partie, de ladite
mesure de signal combinée (260) .

13. Procédé selon la revendication 1, comprenant en
outre :

l’établissement desdites informations de posi-
tionnement (230) en :

recevant (306) des mesures de signaux
sans fil (130) et des OTDs associées à ladite
pluralité de terminaux mobiles (102) et à la-
dite pluralité de stations de base (104), et
déterminant (308) des estimations de loca-
lisation (250) pour ladite pluralité de stations
mobiles (102) et de RTDs (248) pour ladite
pluralité de stations de base (104) ;

l’établissement de mesures de signaux (130)
pour différentes localisations sur la base, au
moins en partie, desdites mesures de signaux
sans fil (130) et desdites estimations de locali-
sation (250).

14. Appareil comprenant :

des moyens pour accéder (304) à des informa-

tions de positionnement (230) stockées dans
une base de données, les informations de posi-
tionnement étant associées à des mesures de
signalisation sans fil (130) et à des différences
temporelles observées, OTDs, de signaux reçus
depuis des paires de stations de base d’une plu-
ralité de stations de base (104), lesdites mesu-
res de signalisation sans fil (130) et les OTDs
étant collectées d’une pluralité de terminaux
mobiles (102) ; et
des moyens pour déterminer (208) des informa-
tions de localisation (232) pour un terminal mo-
bile cible (102-t) sur la base, au moins en partie,
desdites informations de positionnement (230)
et d’informations de signalisation associées
audit terminal mobile cible (102-t), la détermina-
tion des informations de localisation pour le ter-
minal mobile cible comprenant la détermination
d’informations de localisation pour le terminal
mobile cible à partir d’une différence de temps
d’arrivée observée, OTDOA, pour le terminal
mobile cible et d’au moins une différence de
temps réel, RTD, estimée pour des paires de
stations de base, la RTD étant déterminée sur
la base, au moins en partie, desdites OTDs col-
lectées à partir de la pluralité de terminaux mo-
biles.

15. Produit programme d’ordinateur comportant des ins-
tructions pouvant être mises en oeuvre par ordina-
teur pour mettre en oeuvre n’importe quelle étape
des revendications 1 à 13.
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