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Method and Apparatus for Asynchronous Positioning of Wireless Base

Stations

BACKGROUND

[0001] The usefulness of accurate positioning is well known. A typical form of

location determination involves using a satellite-based positioning system, such as the

Global Positioning System (GPS). While satellite-based positioning systems can be

highly accurate, in some situations it may not be possible to receive signals from a

sufficient number of satellite-based positioning system satellites to perform an accurate

location determination of a wireless mobile device. For example, in a city dense with

buildings, other positioning methods may be more accurate. Range-based positioning

systems may be useful for mobile wireless devices that communicate with cellular

network base stations. However, in order to determine a location based on ranging

information with one or more base stations, the base station's location needs to be

known. Many wireless service providers do not make the locations of their base

stations publicly available, therefore the location of these base stations may need to be

determined. Such determination of the location of a base station may be referred to as

"reverse positioning."

SUMMARY

[0002] Various arrangements for locating a base station are presented. In some

embodiments, a method for determining a location of a base station without timing

synchronization is presented. The method may include determining, by a first mobile

device, that the first mobile device is moving faster than a threshold velocity. The

method may include capturing, by the first mobile device, a first unsynchronized time of

arrival (TOA) measurement, wherein the first unsynchronized TOA measurement is

based on a first unsynchronized timing measurement of a first received reference signal.

The method may include determining, by the first mobile device, a first location of the

first mobile device, wherein the first location corresponds to the first unsynchronized

TOA measurement. The method may include capturing, by the first mobile device, a

second unsynchronized TOA measurement, wherein the second unsynchronized TOA

measurement is based on a second unsynchronized timing measurement of a second

received reference signal. The method may include determining, by the first mobile



device, a second location of the first mobile device. The second location may

correspond to the second unsynchronized TOA measurement. Based on the mobile

device moving faster than the threshold velocity, the first location of the first mobile

device, the second location of the first mobile device, the first unsynchronized TOA

measurement, and the second unsynchronized TOA measurement may be used for

determining the location of the base station.

[0003] Embodiments of such a method may include one or more of the following

features: The first received reference signal and the second received reference signal

may be positioning reference signals (PRS's) and the base station may be an eNode B.

The first unsynchronized TOA measurement and the second unsynchronized TOA

measurement may be measured based only on an unsynchronized clock of the first

mobile device. The first unsynchronized TOA measurement and the second

unsynchronized TOA measurement may be captured when the first mobile device is

receiving PRS's from only the base station. The method may include transmitting, by

the first mobile device, data based on the first unsynchronized TOA measurement, the

second unsynchronized TOA measurement, the first location, and the second location to

a server. The method may include receiving, by a server, from the first mobile device,

data based on the first unsynchronized TOA measurement, the second unsynchronized

TOA measurement, the first location, and the second location. The method may include

calculating, by the server, a first time difference of arrival (TDOA) value based on the

first unsynchronized TOA measurement and the second unsynchronized TOA

measurement.

[0004] Additionally or alternatively, embodiments of such a method may include one

or more of the following features: The method may include receiving, by the server,

from a second mobile device, data based on a third unsynchronized TOA measurement,

a fourth unsynchronized TOA measurement, a third location, and a fourth location. The

method may include calculating, by the server, a second TDOA value based on the third

unsynchronized TOA measurement and the fourth unsynchronized TOA measurement.

Timing of the second mobile device may not be synchronized with timing of the first

mobile device. The method may include calculating, by the server, the location of the

base station using the first TDOA value, the second TDOA value, the first location, the

second location, the third location, the fourth location, and a PRS period of the base

station. Determining that the first mobile device is moving faster than the threshold



velocity may include using a measurement from an accelerometer of the first mobile

device. Determining, by the first mobile device, the first location of the first mobile

device may include using a satellite-based positioning system.

[0005] In some embodiments, a system for determining a location of a base station

without timing synchronization is presented. The system may include a first mobile

device, comprising one or more processors and a memory communicatively coupled

with and readable by the one or more processors and having stored therein processor-

readable instructions. The instructions, when executed by the one or more processors,

may cause the one or more processors to determine that the first mobile device is

moving faster than a threshold velocity. The instructions, when executed, may cause

the one or more processors to capture a first unsynchronized time of arrival (TOA)

measurement, wherein the first unsynchronized TOA measurement is based on a first

unsynchronized timing measurement of a first received reference signal. The

instructions, when executed, may cause the one or more processors to determine a first

location of the first mobile device, wherein the first location corresponds to the first

unsynchronized TOA measurement. The instructions, when executed, may cause the

one or more processors to capture a second unsynchronized TOA measurement, wherein

the second unsynchronized TOA measurement is based on a second unsynchronized

timing measurement of a second received reference signal. The instructions, when

executed, may cause the one or more processors to determine a second location of the

first mobile device. The second location may correspond to the second unsynchronized

TOA measurement. The instructions, when executed, may cause the one or more

processors to, based on the first mobile device moving faster than the threshold velocity,

may use the first location of the first mobile device, the second location of the first

mobile device, the first unsynchronized TOA measurement, and the second

unsynchronized TOA measurement for determining the location of the base station.

[0006] Embodiments of such a system may include one or more of the following

features: The first received reference signal and the second received reference signal

may be positioning reference signals (PRS's) and the base station may be an eNode B.

The first unsynchronized TOA measurement and the second unsynchronized TOA

measurement may be measured based only on an unsynchronized clock of the first

mobile device. The first unsynchronized TOA measurement and the second

unsynchronized TOA measurement may be captured when the first mobile device is



receiving PRS's from only the base station. The instructions, when executed, may

cause the one or more processors to cause data based on the first unsynchronized TOA

measurement, the second unsynchronized TOA measurement, the first location, and the

second location to be transmitted to a server. The system may include a server,

configured to receive, from the first mobile device, data based on the first

unsynchronized TOA measurement, the second unsynchronized TOA measurement, the

first location, and the second location. The server may be further configured to

calculate a first time difference of arrival (TDOA) value based on the first

unsynchronized TOA measurement and the second unsynchronized TOA measurement.

The server may be further configured to receive from a second mobile device, data

based on a third unsynchronized TOA measurement, a fourth unsynchronized TOA

measurement, a third location, and a fourth location. The server may be further

configured to calculate a second TDOA value based on the third unsynchronized TOA

measurement and the fourth unsynchronized TOA measurement. The server may be

further configured to timing of the second mobile device is not synchronized with

timing of the first mobile device.

[0007] Additionally or alternatively, embodiments of such a system may include one

or more of the following features: The server may be further configured to calculate the

location of the base station using the first TDOA value, the second TDOA value, the

first location, the second location, the third location, the fourth location, and a PRS

period of the base station. The processor-readable instructions that cause the one or

more processors of the first mobile device to determine that the first mobile device is

moving faster than the threshold velocity may include processor-readable instructions

which, when executed, cause the one or more processors to use a measurement from an

accelerometer of the first mobile device. The processor-readable instructions that cause

the one or more processors to determine the first location of the first mobile device may

include processor-readable instructions which, when executed, cause the one or more

processors to determine the first location of the first mobile device using a satellite-

based positioning system.

[0008] In some embodiments, a non-transitory processor-readable medium for

determining a location of a base station without timing synchronization is presented.

The non-transitory processor-readable medium may include processor-readable

instructions configured to cause one or more processors to determine that the first



mobile device is moving faster than a threshold velocity. The processor-readable

instructions may be further configured to cause the one or more processors to capture a

first unsynchronized time of arrival (TOA) measurement, wherein the first

unsynchronized TOA measurement is based on a first unsynchronized timing

measurement of a first received reference signal. The processor-readable instructions

may be further configured to cause the one or more processors to determine a first

location of the first mobile device, wherein the first location corresponds to the first

unsynchronized TOA measurement. The processor-readable instructions may be further

configured to cause the one or more processors to capture a second unsynchronized

TOA measurement, wherein the second unsynchronized TOA measurement is based on

a second unsynchronized timing measurement of a second received reference signal.

The processor-readable instructions may be further configured to cause the one or more

processors to determine a second location of the first mobile device. The second

location may correspond to the second unsynchronized TOA measurement. Based on

the mobile device moving faster than the threshold velocity, the first location of the first

mobile device, the second location of the first mobile device, the first unsynchronized

TOA measurement, and the second unsynchronized TOA measurement may be used for

determining the location of the base station.

[0009] Embodiments of such a non-transitory computer-readable medium may

include one or more of the following: The first received reference signal and the second

received reference signal may be positioning reference signals (PRS's) and the base

station may be is an eNode B. The first unsynchronized TOA measurement and the

second unsynchronized TOA measurement may be measured based only on an

unsynchronized clock of the first mobile device. The first unsynchronized TOA

measurement and the second unsynchronized TOA measurement may be captured when

the first mobile device is receiving PRS's from only the base station. The processor-

readable instructions may be further configured to cause the one or more processors to

cause data based on the first unsynchronized TOA measurement, the second

unsynchronized TOA measurement, the first location, and the second location to be

transmitted to a server. The processor-readable instructions may be further configured

to cause the one or more processors to calculate the location of the base station using the

first TDOA value, the second TDOA value, the first location, the second location, the

third location, the fourth location, and a PRS period of the base station. The processor-



readable instructions configured to cause the one or more processors to determine that

the first mobile device is moving faster than the threshold velocity may include

processor-readable instructions configured to cause the one or more processors to use a

measurement from an accelerometer of the first mobile device. The processor-readable

instructions configured to cause the one or more processors to determine the first

location of the first mobile device may include processor-readable instructions

configured to cause the one or more processors to determine the first location of the first

mobile device using a satellite-based positioning system.

[0010] In some embodiments, a system for determining a location of a base station

without timing synchronization is presented. The system may include means for

determining that the first mobile device is moving faster than a threshold velocity. The

system may include means for capturing a first unsynchronized time of arrival (TOA)

measurement, wherein the first unsynchronized TOA measurement is based on a first

unsynchronized timing measurement of a first received reference signal. The system

may include means for determining a first location of the first mobile device, wherein

the first location corresponds to the first unsynchronized TOA measurement. The

system may include means for capturing a second unsynchronized TOA measurement,

wherein the second unsynchronized TOA measurement is based on a second

unsynchronized timing measurement of a second received reference signal. The system

may include means for determining a second location of the first mobile device. The

second location may correspond to the second unsynchronized TOA measurement.

Based on the first mobile device moving faster than the threshold velocity, the first

location of the first mobile device, the second location of the first mobile device, the

first unsynchronized TOA measurement, and the second unsynchronized TOA

measurement may be used for determining the location of the base station.

[0011] Embodiments of such a system may include one or more of the following

features: The first received reference signal and the second received reference signal

may be positioning reference signals (PRS's) and the base station may be an eNode B.

The first unsynchronized TOA measurement and the second unsynchronized TOA

measurement may be measured based only on an unsynchronized clock of the first

mobile device. The first unsynchronized TOA measurement and the second

unsynchronized TOA measurement may be captured when the first mobile device is

receiving PRS's from only the base station. The system may include means for



transmitting data based on the first unsynchronized TOA measurement, the second

unsynchronized TOA measurement, the first location, and the second location to a

server. The system may include means for receiving from the first mobile device, data

based on the first unsynchronized TOA measurement, the second unsynchronized TOA

measurement, the first location, and the second location. The system may include

means for calculating a first time difference of arrival (TDOA) value based on the first

unsynchronized TOA measurement and the second unsynchronized TOA measurement.

The system may include means for receiving from a second mobile device, data based

on a third unsynchronized TOA measurement, a fourth unsynchronized TOA

measurement, a third location, and a fourth location. The system may include means for

calculating a second TDOA value based on the third unsynchronized TOA measurement

and the fourth unsynchronized TOA measurement. Timing of the second mobile device

may not be synchronized with timing of the first mobile device. The system may

include means for calculating the location of the base station using the first TDOA

value, the second TDOA value, the first location, the second location, the third location,

the fourth location, and a PRS period of the base station. The means for determining

that the first mobile device is moving faster than the threshold velocity may include

using a measurement from a means for measuring acceleration of the first mobile

device. The means for determining the first location of the first mobile device may

include a satellite-based positioning system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] A further understanding of the nature and advantages of various embodiments

may be realized by reference to the following figures. In the appended figures, similar

components or features may have the same reference label. Further, various

components may be distinguished by following the reference label by a dash and a

second label. If only the first reference label is used in the specification, the description

is applicable to any one of the similar components having the same first reference label

irrespective of the second reference label.

[0013] FIG. 1 illustrates an embodiment of a system for asynchronous positioning of a

base station using a single mobile device.



[0014] FIG. 2 illustrates an embodiment of a system for asynchronous positioning of a

base station using three mobile devices.

[0015] FIG. 3 illustrates an embodiment of a mobile device configured for use in

asynchronous positioning of a base station.

[0016] FIG. 4A illustrates an embodiment of a method for using a single mobile

device for asynchronous positioning of a base station.

[0017] FIG. 4B illustrates another embodiment of a method for using a single mobile

device for asynchronous positioning of a base station.

[0018] FIG. 5 illustrates an embodiment of a method for using two or more mobile

devices for asynchronous positioning of a base station.

[0019] FIG. 6 illustrates an embodiment of a method for calculating a position of a

base station using measurements from two or more mobile devices.

[0020] FIG. 7 illustrates an embodiment of a computer system.

DETAILED DESCRIPTION

[0021] Conventionally, to determine the range between a wireless mobile device and

a base station for use in locating the base station, the timing of the mobile device needs

to be synchronized with the base station or another base station. However, in

embodiments detailed herein, such synchronization between the mobile device

performing the ranging measurement and the base station (or another base station) is not

needed. As such, use of the term asynchronous and unsynchronized refers to a lack of

synchronization between the timing of the base station and the timing of the mobile

device.

[0022] By making multiple time of arrival (TOA) measurements as measured using a

clock of the mobile device and associated location measurements (e.g., via GPS), a

location of the base station can be accurately determined. TOA measurements may be

made based on position reference signals (PRS's), which are broadcast at least by 4G

LTE base stations (often referred to as enodeBs) according to a predefined timing

pattern. As such, the amount of time that elapses between the broadcast of each PRS is

predefined and known. In some arrangements, measurements are made by at least two



mobile devices. At minimum, each mobile device may make two TOA measurements

and two associated location measurements (e.g., using some other form of location

determination, such as a satellite-based positioning system) that indicate the location of

the mobile device at the approximate time of each TOA measurement. In some

embodiments, all of the measurements may be made by a single mobile device. If a

single mobile device is making all measurements, at minimum, the mobile device may

make three TOA measurements and three locations of the mobile device, with each

location corresponding to a TOA measurement. In some embodiments, the

measurements may be made by two or more mobile devices. If two mobile devices are

making the measurements, at minimum, each of the mobile devices may make two TOA

measurements and two location measurements, with each location corresponding to a

TOA measurement.

[0023] Whether TOA measurements are made by one mobile device or more than one

mobile device, the TOA measurements may be used to create time difference of arrival

(TDOA) values which may be used by a mobile device or a remote server to calculate

the location of the base station using a known broadcast interval (frequency) of PRS's.

At no point are the TOA measurements made by the mobile device synchronized with a

clock of any other mobile device or any base station for performing the TOA

measurements. Therefore, the measurements are made asynchronously - the TOA

measurements are based solely on the clock of the mobile device performing the

measurement.

[0024] Since no synchronization occurs between a mobile device's timing

measurement system (e.g., the mobile device's clock) and any base station's timing

system (e.g., the base station's clock), inaccuracies of the mobile device's timing device

(e.g., clock drift) can adversely affect the accuracy of the TOA measurements. To

counteract such an adverse effect, the amount of time allowed to elapse between TOA

measurements (which are used in combination to calculate the TDOA value) may be

decreased as much as practicable to limit the amount of error due to such clock

inaccuracies. However, in order to obtain a TDOA value useful for calculating the

location of the base station, a difference in the position of the mobile device may be

needed between the first TOA measurement and the second TOA measurement. (For

example, if the mobile device is motionless, the TOA measurements and position

measurements would be the same, thus not allowing a TDOA value to be calculated. If



the mobile device has moved only a small distance between the first TOA measurement

and the second TOA measurement, the amount of error due to the frequency of the

mobile device's clock and other factors may prevent a useful TDOA value from being

calculated.) As such, movement of the mobile device may be monitored to determine

when the mobile device is moving at a great enough speed such that two TOA

measurements can be obtained within a threshold period of time at two locations

separated by at least a threshold distance. In some embodiments, the movement of the

mobile device may be monitored based on the locations measured using a satellite-based

location arrangement and/or an accelerometer of the mobile device. If a large enough

change in position within a certain period of time (velocity) is observed, then TOA

measurements and locations of the mobile device may be captured for use in

determining a location of the base station. These measured location and TOA

measurements may be used locally by the mobile device or may be transmitted to a

remote server system for use in determining the base station's location.

[0025] FIG. 1 illustrates an embodiment of a system 100 for asynchronous

positioning of a base station using a single mobile device. In system 100, multiple TOA

measurements are made by a single mobile device 110. Mobile device 110 is illustrated

in FIG. 1 at three different locations. Mobile device 110-1 is at a first location; after a

first period of time, mobile device 110 is at a second location (represented by mobile

device 110-2); after a second period of time, mobile device 110 is at a third location

(represented by mobile device 110-3). Therefore, mobile device 110-1, mobile device

110-2, and mobile device 110-3 represent a single mobile device (mobile device 110) at

different locations and at different times. While three locations of mobile device 110 at

which TOA measurements are made are illustrated, it should be understood that mobile

device 110 may make TOA measurements for a greater number of locations or a fewer

number of locations. For instance, the greater number of TOA measurements made at

different locations, the greater the accuracy of the location of base station 120 may be

determined.

[0026] Mobile device 110 may be a wireless mobile device, such as a cellular phone.

Mobile device 110 may represent any type of wireless device that can be moved and can

communicate with a cellular network, such as a tablet computer. Mobile device 110

may be configured to communicate with base stations of Long Term Evolution (LTE)

cellular networks. At least some LTE cellular networks may broadcast a periodic signal



called a Positioning Reference Signal (PRS). Mobile device 110 may be configured to

receive such PRS's.

[0027] System 100 may include a base station 120. Base station 120 may be a base

station of a cellular network, such as cellular network 125. Base station 120, which may

be part of a LTE cellular network, may be referred to as an eNodeB (eNB). An eNodeB

may be a type of base station specific to 4G LTE cellular networks. Base station 120

may periodically broadcast PRS's. Each PRS may indicate an identity of base station

120. Base station 120 may be part of cellular network 125. Cellular network 125,

which may be a 4G LTE network, may include multiple base stations, each of which

may broadcast PRS's.

[0028] In the illustrated embodiment of system 100, only base station 120 is in

communication with mobile device 110. Therefore, other base stations of the wireless

network (and, possibly, other wireless networks) may be unable to communicate with

mobile device 110. Regardless of mobile device 110 only being in communication with

base station 120 of the wireless network, asynchronous TOA measurements may be

made by mobile device 110 and used for determining the location of base station 120.

In other embodiments, mobile device 110 may be in communication with one or more

base stations in addition to base station 120. Such base station may or may not be part

of cellular network 125. However, no synchronization or other timing information from

such additional base stations may be used for measurement of TOA measurements by

mobile device 110.

[0029] To receive PRS's from base station 120, it may not be necessary for mobile

device 110 to be authorized for access to cellular network 125 with which base station

120 communicates. Rather, since PRS's may be broadcast with an identifier of the

broadcasting base station, mobile device 110 may receive PRS's from base station 120

along with an identifier of base station 120 without necessarily being authorized to

access cellular network 125.

[0030] Mobile device 110 may be configured to communicate with base station

location server 130. In order to communicate with base station location server 130,

mobile device 110 may use base station 120 (i.e., the base station for which TOA

measurements are being measured) to access base station location server 130 via

cellular network 125. Alternatively, mobile device 110 may communicate with base



station location server 130 via an alternate communication path. For example, a 802. 11

wireless access point may be used by mobile device 110 to communicate with base

station location server 130 via the Internet. Mobile device 110 may also communicate

with base station location server 130 via another base station of cellular network 125 or

via a base station of some other cellular network.

[0031] Communication may occur between mobile device 110 and base station

location server 130 via cellular network 125. Communication between cellular network

125 and base station location server 130 may involve communication via the Internet or

some other network that enables communication between cellular network 125 and base

station location server 130. Base station location server 130 may be configured to

calculate the location of base stations, including base station 120, based on TOA

measurements and location measurements received from mobile devices, including

mobile device 110. Therefore, base station location server 130 may serve to: first,

determine the location of base station 120; and second, store the determined location of

base station 120. Once the location of base station 120 has been determined with

sufficient accuracy, TOA measurements between mobile devices and base station 120

may be used in determining the locations of the mobile devices in conjunction with the

determined location of base station 120 stored by base station location server 130.

[0032] In system 100, a TOA measurement may be made by mobile device 110-1.

This TOA measurement is made at a first location at a first time. The TOA

measurement made by mobile device 110-1 may be made based on a PRS being

received from base station 120. The TOA measurement may indicate a timestamp made

in reference to only a clock of mobile device 110-1. As such, the TOA measurement

made by mobile device 110-1 may not be synchronized with any clock external to

mobile device 110-1. Therefore, the TOA measurement made by mobile device 110-1

is not synchronized with a clock of base station 120, cellular network 125, base station

location server 130, or any other base station. The TOA measurement made by mobile

device 110-1 may indicate a timestamp indicative of a clock counter or some other

measurement of time locally maintained by mobile device 110-1. This timestamp may

indicate the value of the clock counter at the time the PRS was received by mobile

device 110-1.



[0033] In association with the TOA measurement captured by mobile device 110-1, a

location of mobile device 110-1 may be measured. Therefore, the TOA measurement

will have occurred at a known location. The location may be measured using a satellite-

based positioning system, such as the Global Positioning System (GPS). Triangulation

or trilateration using other base stations (which may or may not be part of cellular

network 125) may also be used. Other location-determining methods for mobile device

110 are also possible. Ideally, the location of mobile device 110-1 may be determined

at the instance the TOA measurement is performed. However, the location

measurement may also be performed within a period of time before or after the TOA

measurement. For instance, in most situations, it can be assumed that the mobile device

will not be travelling with a velocity of greater than a certain magnitude, such as 75

MPH. Therefore, in this example, if the location measurement is conducted within a

second, the location measurement may be considered sufficiently accurate (because the

mobile device will be assumed to, at worst, be within .02 miles of the TOA

measurement location.

[0034] Mobile device 110-2, which represents mobile device 110-1 at a different

location and at a later time, may capture a second TOA measurement. This second

TOA measurement may be based on a PRS transmitted by base station 120 (at some

time after the PRS received by mobile device 110-1). PRS's transmitted by base station

120 may be at fixed time intervals. Therefore, it is predetermined how much time will

elapse between consecutive broadcasts of PRS's by base station 120. Such a fixed

interval may be referred to as a PRS period. For instance, base station 120 may transmit

a PRS every 160 ms. The PRS period may be selected by the operator of cellular

network 125. For instance, PRS periods may be 160 ms, 320 ms, 640 ms, or 1280 ms

according to the LTE Positioning Protocol (LPP) standard. It may be possible to use

PRS periods of some other time according to some other protocol. The PRS used by

mobile device 110-2 for the second TOA measurement may be the PRS broadcast

immediately following the PRS used by mobile device 110-1 for the first TOA

measurement or may be a later broadcast PRS (such that other PRS's were broadcast by

base station 120 between the PRS's used for the TOA measurements by mobile device

110-2 and mobile device 110-1).

[0035] In association with the TOA measurement captured by mobile device 110-2, a

location of mobile device 110-2 may be measured. Therefore, the second TOA



measurement will also have occurred at a known location. The location of mobile

device 110-2 may be performed similarly to the location determination of mobile device

110-1.

[0036] Since the PRS period is at least tens or hundreds of milliseconds, it may be

possible to determine: the PRS period and how many PRS periods have elapsed

between mobile device TOA measurements based on received PRS's. While changes in

the distance between base station 120 and mobile device 110 will affect the travel time

of the PRS to mobile device 110, since the PRS is moving at such a high rate (about

300,000 km/s), the PRS period and the number of elapsed PRS periods between TOA

measurements can be accurately calculated.

[0037] The TOA measurement made by mobile device 110-1 and the TOA

measurement made later by mobile device 110-2 may be used to calculate a time

difference of arrival (TDOA) value. The TDOA value may be calculated by subtracting

the first measured TOA measurement from the second measured TOA measurement and

factoring in the amount of time that elapsed between the broadcast of the measured

reference signals. More specifically, the below equations detail how TDOA values may

be calculated.

t = T + d t + TOF Equation 1

t2 = T2 + d t2 + TOF2 Equation 2

[0038] In equations 1 and 2, T and T2 indicates the local time at a base station from

which PRS's were transmitted by the base station t and ¾ indicate the TOA

measurements at the mobile station dt and represent the timing differences

between the base station and the mobile device. Since the values are similar, dt can be

approximated to be equal to ¾ . TOF and TOF2 represent the time of flight of the

reference signal from the base station to the mobile device. Subtracting equation 1 from

equation 2 results in equation 3, which can be used to compute the TDOA value.

TDOA = TOF2 - TOF = t2 - - T Equation 3

[0039] In equation 3, T represents Ti subtracted from T2. T is known, based on the

amount of time that has elapsed between broadcast of the PRS signals (which would be

the PRS period multiplied by the number of elapsed PRS periods).



[0040] Mobile device 110-3, which represents mobile device 110-2 and mobile device

110-1 at a different location and at a later time, may capture a third TOA measurement.

This third TOA measurement may be based on a PRS transmitted by base station 120

(at some time after the PRS used by mobile device 110-1 for the first TOA

measurement and after the PRS used by mobile device 110-2 for the second TOA

measurement). The PRS used by mobile device 110-3 for the third TOA measurement

may be the PRS broadcast immediately following the PRS received by mobile device

110-2 or may be a later broadcast PRS (such that other PRS's were broadcast by base

station 120 between the PRS's used for the TOA measurements by mobile device 110-3

and mobile device 110-2).

[0041] In association with the TOA measurement captured by mobile device 110-3, a

location of mobile device 110-3 may be measured. Therefore, the third TOA

measurement will also have occurred at a known location. The location of mobile

device 110-3 may be performed similarly to the location determination of mobile device

110-1 and mobile device 110-2.

[0042] Dotted arrow 140 and dotted arrow 150 indicate the change in position of

mobile device 110 between the TOA measurements made at 110-1, 110-2, and 110-3.

TOA measurements may only be made or may only be used in determining the position

of base station 120 when the mobile device is determined to be moving at greater than a

threshold velocity. This threshold velocity may be determined by positioning mobile

device 110 multiple times to determine it is moving. Also, a movement detection

device, such as an accelerometer, may be used to determine a velocity of mobile device

110. As such, whether TOA measurements and associated location measurements of

mobile device 110 are collected may be at least partially based on if mobile device 110

is determined to be moving at a sufficient velocity.

[0043] Since the measurements made by mobile device 110 are asynchronous (not

synchronized with any clock besides the clock of mobile device 110), clock drift of

mobile device 110 may negatively affect the accuracy of the TOA measurements. To

limit the extent of this negative effect, the velocity of mobile device 110 may serve as a

condition for when TOA measurements are permitted to occur. The velocity of mobile

device 110 may be monitored to ensure multiple TOA measurements are conducted by

mobile device 110 within a threshold period of time with the locations of the TOA



measurements sufficiently separated as to be useful in determining the location of base

station 120.

[0044] The TOA measurement made by mobile device 110-2 and the TOA

measurement made later by mobile device 110-3 may be used to calculate another

TDOA value. The TDOA value may be calculated by subtracting the second measured

TOA measurement from the third measured TOA measurement. A TDOA value may

also be calculated, using the first TOA measurement made by mobile device 110-1 and

the third TOA measurement made by mobile device 110-3.

[0045] Each TDOA value is associated with two TOA measurements, which are each

associated with two location measurements of the mobile device. Therefore, for a

TDOA measurement, there are two locations of the mobile device. This TDOA value,

in conjunction with the two associated locations, may be used for determining the

location of base station 120. To determine the location of base station 120, at least two

TDOA values may be needed, with each TDOA value being associated with two

locations of the mobile device used to capture the TOA measurements. Once a

sufficient number of TDOA values and locations have been obtained, the location of the

base station may be calculated. The location of the base station calculated may be two-

dimensional. (An altitude of the base station may be determined using a terrain

database or map.) In some embodiments, a weighted least squares method is used for

calculating the location of the base station from the TDOA values and mobile device

locations. Calculation of a location using TDOA values and locations at which the

TOA measurements may use the known PRS period to determine the amount of time

that has elapsed between times when the PRS for each TOA measurement of a TDOA

was broadcast. Such calculation may be performed by base station location server 130

or by mobile device 110. In some embodiments, the TOA measurements and associated

locations are transmitted to base station location server 130. In some embodiments, the

TDOA values and associated locations are transmitted to base station location server

130. In some embodiments, the location of base station 120 is calculated by mobile

device 110 and transmitted to base station location server 130. Also, in some

embodiments, no TOA, TDOA, or location data may be transmitted to base station

location server 130.



[0046] Therefore, it may be possible that a single mobile device, which may not be in

communication with any other base station, may be used to capture the TOA

measurements and the location measurements necessary to calculate the location of base

station 120. Further, the single mobile device may perform such measurements

asynchronously, without the clock of the mobile device being synchronized to any base

station clock, cellular network clock, or any signal.

[0047] FIG. 2 illustrates an embodiment of a system for asynchronous positioning of

a base station using three mobile devices. While system 100 of FIG. 1 focused on TOA

and location measurements being made by a single mobile device 110, system 200 of

FIG. 2 focuses on three mobile devices being used to each capture TOA measurements

of PRS's and location measurements for use in determination the location of base

station 120. FIG. 2 illustrates three different mobile devices (210, 220, and 230), with

each mobile device being illustrated at two locations at two different times. Mobile

device 210 is illustrated at two locations at two different times. Mobile device 210 is

represented as at a first location and a first time by mobile device 210-1 and is

represented as at a second location at a second time by mobile device 210-2. Mobile

device 220 is illustrated at two locations at two different times. Mobile device 220 is

represented as at a first location and a first time by mobile device 220-1 and is

represented as at a second location at a second time by mobile device 220-2. Mobile

device 230 is illustrated at two locations at two different times. Mobile device 230 is

represented as at a first location and a first time by mobile device 230-1 and is

represented as at a second location at a second time by mobile device 230-2.

[0048] In system 200, two TOA measurements and associated location measurements

are made by each mobile device of the three mobile devices. It should be understood

that in alternate embodiments of system 200 greater numbers (e.g., four or more) or

fewer numbers (e.g., two) of mobile devices may be used to determine the position of

base station 120. Also, in other embodiments, each mobile device may gather a greater

number of TOA measurements which may be used for calculating the position of base

station 120.

[0049] In system 200, base station 120, cellular network 125, and base station location

server 130 may function as described in relation to system 100 of FIG. 1. Further, the

functionality of mobile devices 210, 220, and 230 may be the same or similar to mobile



device 110 of system 100 of FIG. 1. Accordingly, base station 120 may be an eNB and

may periodically broadcast PRS's. Mobile devices 210, 220, and 230 may be

configured to communicate via an LTE cellular network and receive such PRS's.

[0050] In system 200, a TOA measurement may be made by mobile device 210-1.

This TOA measurement is made at a first location at a first time. The TOA

measurement made by mobile device 210-1 may be made based on a PRS being

received from base station 120. The TOA measurement may indicate a timestamp made

in reference to only a clock of mobile device 210-1. As such, the TOA measurement

made by mobile device 210-1 may not be synchronized with any clock signal or other

signal external to mobile device 210-1. Therefore, the TOA measurement made by

mobile device 210-1 is not synchronized with a clock of base station 120, cellular

network 125, base station location server 130, any other base station or any other mobile

device. The TOA measurement made by mobile device 210-1 may indicate a timestamp

indicative of a clock counter or some other measurement of time locally maintained by

mobile device 110-1. This timestamp may indicate the value of the clock counter at the

time the PRS was received by mobile device 210-1.

[0051] In association with the TOA measurement captured by mobile device 210-1, a

location of mobile device 210-1 may be measured. Therefore, the TOA measurement

will have occurred at a known location. The location may be measured using a satellite-

based positioning system, such as the Global Positioning System (GPS). Triangulation

or trilateration using other base stations (which may or may not be part of cellular

network 125) may also be used. Other location determining methods for mobile device

210 are also possible. Ideally, the location of mobile device 210-1 may be determined

at the instance the TOA measurement is performed. However, the location

measurement may also be performed within a period of time before or after the TOA

measurement.

[0052] Mobile device 210-2, which represents mobile device 210-1 at a different

location and at a later time, may capture a second TOA measurement. This second

TOA measurement may be based on a PRS transmitted by base station 120 (at some

time after the PRS received by mobile device 210-1). PRS's transmitted by base station

120 may be at fixed time intervals. Therefore, it is predetermined how much time will

elapse between consecutive broadcasts of PRS's by base station 120. Such a fixed



interval may be referred to as a PRS period. The PRS used by mobile device 210-2 for

the second TOA measurement may be the PRS broadcast immediately following the

PRS used by mobile device 210-1 for the first TOA measurement or may be a later

broadcast PRS (such that other PRS's were broadcast by base station 120 between the

PRS's used for the TOA measurements by mobile device 110-2 and mobile device 110-

1).

[0053] In association with the TOA measurement captured by mobile device 210-2, a

location of mobile device 110-2 may be measured. Therefore, the second TOA

measurement will also have occurred at a known location. The location of mobile

device 210-2 may be performed similarly to the location determination of mobile device

210-1.

[0054] Dotted arrow 235 indicates the change in position of mobile device 210

between the collected TOA measurements. TOA measurements may only be made or

may only be used in determining the position of base station 120 when mobile device

210 is determined to be moving at greater than a threshold velocity. This threshold

velocity may be determined by positioning mobile device 210 multiple times to

determine it is moving at a sufficient speed. Also, a movement detection device, such

as an accelerometer, may be used to determine a velocity of mobile device 210. As

such, whether TOA measurements and associated location measurements of mobile

device 210 are collected may be at least partially based on if mobile device 210 is

determined to be moving at a sufficient velocity.

[0055] Since the measurements made by mobile device 210 are asynchronous (not

synchronized with any clock besides the clock of mobile device 210), clock drift of

mobile device 210 may negatively affect the accuracy of the TOA measurements. To

limit the extent of this negative effect, the velocity of mobile device 210 may serve as a

condition for when TOA measurements are permitted to occur. The velocity of mobile

device 210 may be monitored to ensure multiple TOA measurements are conducted by

mobile device 210 within a threshold period of time with the locations of the TOA

measurements sufficiently separated as to be useful in determining the location of base

station 120.

[0056] Mobile device 220 represents a different mobile device from mobile device

210. At least two TOA measurements and associated location measurements may be



made by mobile device 220 similarly to as described in relation to mobile device 210.

The measurements conducted by mobile device 220 may be based on the same PRS's,

some of the same PRS's, or PRS's different from the measurements made by mobile

device 210. Each PRS used by mobile device 220 may be broadcast by base station

120. The PRS's originate from the same base station, but the location and, possibly,

time of the TOA measurements by mobile device 220 vary. The clock (and associated

clock drift) of mobile device 220 may vary from mobile device 210. Since the TOA

measurements are asynchronous, there is no timing synchronization between mobile

device 210 and mobile device 220. As described in relation to mobile device 210,

mobile device 220 may be required to be moving at greater than a threshold velocity.

Therefore, a change in position sufficient to obtain a useful TDOA value may be present

between measurement of TOA measurements by mobile device 220. Movement of

mobile device 220 is represented by dotted arrow 240.

[0057] Mobile device 230 represents a different mobile device from mobile device

210 and mobile device 220. At least two TOA measurements and associated location

measurements may be made by mobile device 230 similarly to as described in relation

to mobile device 210 and mobile device 220. The measurements conducted by mobile

device 230 may be based on the same PRS's, some of the same PRS's, or different

PRS's than the measurements made by mobile device 210 and/or mobile device 220.

Each PRS used for TOA measurements by mobile device 230 may be broadcast by base

station 120. The PRS's originate from the same base station, but the location and,

possibly, time of the TOA measurements by mobile device 230 vary. The clock (and

associated clock drift) of mobile device 230 may vary from mobile device 210 and

mobile device 220. Since the TOA measurements by mobile device 230 are

asynchronous, there is no timing synchronization between mobile device 230, mobile

device 210, and/or mobile device 220. As described in relation to mobile device 210,

mobile device 230 may be required to be moving at greater than a threshold velocity.

Therefore, a change in position sufficient to obtain a useful TDOA value may be present

between measurement of TOA measurements by mobile device 230. Movement of

mobile device 230 is represented by dotted arrow 250.

[0058] The TOA measurements made by mobile devices 210, 220, and 230 may be

used to calculate TDOA values (at least one TDOA value for each mobile device). For

each TDOA value, two associated determined locations of the mobile device which



performed the TOA measurements are present. The clock for each of these mobile

devices may exhibit different drift and are not synchronized. The TDOA values may be

calculated by the individual mobile devices and transmitted, along with the associated

location data, to base station location server 130. In some embodiments, the TOA

measurements and associated location data are transmitted to base station location

server 130, which may calculate the TDOA values.

[0059] TDOA values, based on the TOA measurements from multiple mobile devices,

may be used by base station location server 130 to calculate the location of base station

120. The TDOA values and the location data from multiple mobile devices, along with

the known PRS period for base station 120, may be used in calculating the location of

base station 120. The location of base station 120 can then be used for calculating the

location of mobile devices.

[0060] FIG. 3 illustrates an embodiment of a mobile device 300 configured for use in

asynchronous positioning of a base station. Mobile device 300 may represent a

simplified block diagram of mobile device 110 of FIG. 1 and mobile device 210, 220,

and 230 of FIG. 2. Mobile device 300 may be at least partially computerized. As such,

one or more components and one or more instances of such components of computer

system 700 of FIG. 7 may be incorporated as part of mobile device 300. The illustrated

embodiment of mobile device 300 includes: cellular network interface 310, clock 320,

accelerometer 330, TOA measurement engine 350, location determination module 340,

and TOA/Location Measurement storage medium 360.

[0061] Cellular network interface 3 10 may serve as a communication interface

between mobile device 300 and one or more base stations. For example, referring to

FIG. 1, cellular network interface 310 may serve to send and/or receive data to/from

base station 120. Such data which may be received by cellular network interface 310

includes PRS's. Therefore, cellular network interface 3 10 may be configured to

communicate using LTE cellular networks or some other form of cellular wireless

network that transmits reference signals at defined timing intervals.

[0062] Clock 320 may be a locally maintained clock of mobile device 300.

Therefore, clock 320 may not be synchronized with any other clock or signal external to

mobile device 300. Accordingly, when clock 320 is used for timing measurements

(e.g., TOA measurements), error caused by drift or other inaccuracies of clock 320 may



remain uncorrected. For example, clock drift of clock 320 that occurs between two

TOA measurements may remain uncorrected. Therefore, it may be desirable to

decrease, as much as possible, the amount of time between TOA measurements

performed by mobile device 300 to decrease the effect of such clock errors.

[0063] Mobile device 300 may have one or more components that can be used to

determine when mobile device 300 is traveling at a sufficient velocity such that TOA

measurements can be taken within a threshold period of time and be separated by at

least a threshold distance. In some embodiments, mobile device 300 has accelerometer

330. Accelerometer 330 may be used to determine when mobile device 300 is moving

at a sufficient velocity. In some embodiments, in addition to or instead of accelerometer

330, a location determination module 340 may be used to determine a velocity of

mobile device 300. In some embodiments, a location determination module 340 may be

a satellite-based positioning system module, which may use GPS or another satellite-

based positioning system. The position of mobile device 300 may be monitored over

time by location determination module 340 to determine if mobile device 300 is moving

at least a threshold distance within a threshold period of time (e.g., mobile device 300

has at least a threshold velocity).

[0064] Mobile device 300 is illustrated as having accelerometer 330 and location

determination module 340. Other embodiments of mobile device 300 may have some

other form of module that is configured to determine a velocity of mobile device 300.

TOA measurement engine 350 may monitor data output by accelerometer 330 and/or

location determination module 340 to determine if mobile device 300 is traveling a

sufficient velocity to perform asynchronous location measurements of a base station. If

TOA measurement engine 350 determines mobile device 300 is traveling at a velocity

greater than a predefined threshold velocity, TOA measurements may be performed.

TOA measurement engine 350 may record a time, based on clock 320, of a PRS

received by cellular network interface 310. TOA measurement engine 350 may record

an indication of the time (such as a clock tick count) to TOA/location measurement

storage medium 360. TOA measurement engine 350, at the same or approximately the

same time as which the PRS TOA measurement was collected, may request and/or

receive a location of mobile device 300 from location determination module 340. This

location may be in the form of latitude and longitude coordinates (and, possibly, an

altitude). The location collected by TOA measurement engine 350 from location



determination module 340 may be collected within a threshold period of time of the

TOA of the PRS received by cellular network interface 310 being determined. For

example, the location of mobile device 300 may be collected by TOA measurement

engine 350 within one second before or after the TOA of the PRS is measured. The

location may be recorded by TOA measurement engine 350 to TOA/location

measurement storage medium 360 in association with the measured TOA.

[0065] Such TOA measurements by mobile device 300 may be repeated. The TOA

measurements may only be repeated as long as the velocity of mobile device 300 is

sufficient so that, within a threshold period of time, the location of mobile device 300

has changed by at least a threshold amount. Further, it may also be required that mobile

device 300 remain in communication range of the base station that has an unknown

position such that PRS's can be received by the mobile device from the base station.

[0066] Upon request from a base station location server or once a predefined number

of TOA/location measurements have been collected, the TOA and location

measurements may be transmitted to a base station location server. In some

embodiments, rather than mobile device 300 transmitting TOA measurements to the

base station location server, TOA measurement engine 350 may calculate TDOA

values. These TDOA values may be transmitted to the base station location server for

use in calculating a location of the base station from which the PRS's were received by

the mobile device. In some embodiments, if mobile device 300 computes a sufficient

number of TDOA values, the location of the base station may be calculated.

[0067] TOA/location measurement storage medium 360 may represent a non-

transitory computer readable storage medium. TOA/location measurement storage

medium 360 may be used to, at least temporarily, store TOA measurements based on

clock 320 and location measurements from location determination module 340

associated with each TOA measurement. Once such TOA measurements or TDOA

values, calculated using the TOA measurements, are transmitted to a base station

location server, the values may be deleted from TOA/location measurement storage

medium 360.

[0068] FIG. 4A illustrates an embodiment of a method 400A for using a single

mobile device for asynchronous positioning of a base station. Method 400A may

correspond to system 100 of FIG. 1. Each block of method 400A may be performed by



a mobile device, such as mobile device 110 of FIG. 1. Accordingly, mobile device 300

of FIG. 3 may be used to perform each block of method 400A, unless otherwise noted.

Further, the mobile device used to perform method 400A may include one or more

instances of computerized components, such as detailed in relation to FIG. 7.

Accordingly, means for performing each block of method 400A, unless otherwise noted,

may include one or more instances of the components of mobile device 300 of FIG. 3

and/or one or more instances of the components of computer system 700 of FIG. 7.

Further, instances of the components of system 100 may be used in performing method

400A.

[0069] At block 401, it may be determined whether the mobile device is moving at a

velocity greater than a threshold velocity. TOA measurements may only be captured by

the mobile device if the mobile device has been determined to be moving at greater than

a threshold velocity. Such a condition may ensure TOA measurements are taken at a

sufficient distance from each other while minimizing the amount of clock drift that may

occur between TOA measurements. The mobile device may assess whether it is moving

at a sufficient velocity based on measurements obtained from the accelerometer of the

mobile device or from positioning measurements collected via a satellite-based

positioning system, such as GPS. The velocity (or change in position over time) of the

mobile device may be compared to a stored, predefined velocity value defined to be the

threshold velocity. In some embodiments, the threshold velocity is 10 MPH, 15 MPH,

20 MPH, 25 MPH, 30 MPH or higher. Other values (e.g., any velocity between any of

these values) may also be defined to be the threshold. If the mobile device is moving at

a velocity matching and/or greater than the threshold velocity, TOA and location

measurements may be eligible to be collected and/or used for determining the location

of the base station. Other forms of determining the mobile device is moving at a

sufficient velocity may also be possible. In some embodiments, rather than making

collection of TOA measurements and/or location measurements contingent on the

mobile device moving a sufficient velocity, the measurements may be made, but only

used in determining the location of the base station if the mobile device is determined to

be moving at a sufficient velocity. As such, velocity may be measured to determine

whether TOA measurements and location measurements should be used or ignored.

Means for performing block 401 include the components of mobile device 300. More



specifically, means for performing block 420 include an accelerometer and a satellite-

based positioning system.

[0070] At block 402, a first TOA measurement may be collected by the mobile

device. The first TOA measurement may indicate when a PRS was received from the

base station. The timing of the TOA measurement collected at block 402 may be based

on a local clock of the mobile device. This local clock of the mobile device may not be

synchronized with any clock external to the mobile device or any signal external to the

mobile device. Therefore, the mobile device performing block 402 is not synchronized

with the base station which broadcast the PRS or any other base station (of the cellular

network of the base station or some other cellular network). Accordingly, the mobile

device performing block 402 may be in communication with only the base station

having the unknown location. The indication of the time at which the first PRS from

the base station having the unknown location is received may be recorded by the mobile

device, such as in the form of a clock tick count to a non-transitory computer-readable

storage medium of the mobile device. Means for performing block 402 include the

components of mobile device 300. More specifically, means for performing block 402

include a cellular network interface configured to receive PRS's and a TOA

measurement engine, which may be implemented using one or more processors. Means

for recording the TOA measurement may include a non-transitory computer-readable

storage medium.

[0071] At block 403, a location of the mobile device at the time of the first TOA

measurement may be determined. Ideally, determination of the location at block 403

may occur at the same time as the first TOA measurement of block 402. However, in

some embodiments, it may be acceptable for the location measurement of the mobile

device to be collected within a threshold period of time of the TOA measurement at

block 403 being measured. For example, the location determined at block 403 may be

determined within one second of the TOA measurement of block 402. The location

determined at block 403 may be stored in associated with the clock tick count of block

402. Means for performing block 403 include the components of mobile device 300,

including a non-transitory computer-readable storage medium. More specifically,

means for performing block 403 also include a location determination module, such as a

satellite-based positioning system (e.g., GPS).



[0072] At block 404, a second TOA measurement may be performed by the mobile

device. This second TOA measurement is performed based on another, later PRS

broadcast by the same base station. The amount of time that elapses between the TOA

measurement at block 402 and the TOA measurement that occurs at block 404 may be

based on multiple factors, including one or more of: the velocity of the mobile device,

the amount of error expected based on clock drift of the mobile device, and the PRS

period of the base station. The measurement of block 404 may be within a threshold

period of time to decrease the amount of error due to clock drift of the clock of the

mobile device used for the asynchronous TOA measurements. At block 404, an

indication of the time at which the second PRS from the base station is received may be

recorded by the mobile device. The time may be in the form of a clock tick count.

Means for performing block 404 include the components of mobile device 300. More

specifically, means for performing block 404 include a cellular network interface

configured to receive PRS's and a TOA measurement engine, which may be

implemented using one or more processors.

[0073] At block 405, a second location of the mobile device at the time of the second

TOA measurement may be determined. The location determined at block 405 may be

performed similarly to the determination of location of the mobile device performed at

block 403. The locations determined at blocks 403 and 405 may be compared to

determine if the mobile device has moved by at least a threshold distance. If not, no

TDOA value may be calculated for the pair of TOA measurements. The location

determined at block 405 may be stored in association with the clock tick count of block

450. Means for performing block 405 include the components of mobile device 300.

More specifically, means for performing block 405 include a location determination

module, such as a satellite-based positioning system (e.g., GPS).

[0074] At block 406, the location of the base station may be determined using the

TOA values and the associated locations. Various arrangements for calculating a

location based on TOA values is known. All of the TOA measurements and location

measurements may have been gathered using a single mobile device, which was not

synchronized to any clock or signal of the base station or any other base station of the

same or different cellular network. The location of the base station determined at block

406 may be stored by the mobile device (if calculated by the mobile device) and/or may

be stored by the base station location server (if calculated by a server, such as a base



station location server). If calculated by the mobile device, the base station location

may be transmitted to the server along with an identifier of the base station (which may

be the same identifier transmitted as part of the PRS). Once the location of the base

station is known, the base station may be used to triangulate or trilaterate (or otherwise

identify) locations of mobile devices that are at unknown locations. Means for

performing block 406 include the components of mobile device 300 and/or components

of system 100. More specifically, means for performing block 406 include a TOA

measurement engine and TOA/location measurement storage medium. Means for

performing block 406 may also include a base station location server.

[0075] Method 400A focuses on the broadcast of PRS's by the base station of a 4G

LTE network. The broadcast of PRS's occur according to a predefined PRS period;

therefore the amount of time that elapses between consecutive PRS broadcasts is

known. In other embodiments of method 400A, a reference signal other than a PRS

may be used, such as in non-LTE cellular networks. Such a reference signal may be

required to be broadcast at predefined timing intervals similar to PRS's.

[0076] FIG. 4B illustrates an embodiment of a method 400B for using a single mobile

device for asynchronous positioning of a base station. Method 400B may correspond to

system 100 of FIG. 1. Each block of method 400B may be performed by a mobile

device, such as mobile device 110 of FIG. 1. Accordingly, mobile device 300 of FIG. 3

may be used to perform each block of method 400B, unless otherwise noted. Further,

the mobile device used to perform method 400B may include one or more instances of

computerized components, such as detailed in relation to FIG. 7. Accordingly, means

for performing each block of method 400B, unless otherwise noted, may include one or

more instances of the components of mobile device 300 of FIG. 3 and/or one or more

instances of the components of computer system 700 of FIG. 7. Further, instances of

the components of system 100 may be used in performing method 400B.

[0077] At block 410, it may be determined whether a mobile device is communicating

with the base station that has an unknown position. For example, a location of the base

station may only be desired to be determined if an accurate position of the base station

has not yet been determined. For example, if an identifier of a base station is not

associated with an accurate position in a database of a base station location server, it

may be desirable to determine the location of the base station for future use in



positioning mobile devices. Block 410 may include a mobile device receiving an

indication that TOA measurements for the base station are to be collected (if the mobile

device is moving at greater than a threshold velocity) from a base station location

server. Means for performing block 410 include the components of mobile device 300

and components of system 100. More specifically, means for performing block 410

include a base station location server, base station, and mobile device, which includes

computerized components.

[0078] At block 420, it may be determined whether the mobile device is moving at a

velocity greater than a threshold velocity. TOA measurements may only be captured by

the mobile device if the mobile device has been determined to be moving at greater than

a threshold velocity. Such a condition may ensure TOA measurements are taken at a

sufficient distance from each other while minimizing the amount of clock drift that may

occur between TOA measurements. The mobile device may assess whether it is moving

at a sufficient velocity based on measurements obtained from the accelerometer of the

mobile device or from positioning measurements collected via a satellite-based

positioning system, such as GPS. The velocity (or change in position over time) of the

mobile device may be compared to a stored, predefined velocity value defined to be the

threshold velocity. In some embodiments, the threshold velocity is 10 MPH, 15 MPH,

20 MPH, 25 MPH, 30 MPH or higher. Other values (e.g., any velocity between any of

these values) may also be defined to be the threshold. If the mobile device is moving at

a velocity matching and/or greater than the threshold velocity, TOA and location

measurements may be eligible to be collected and/or used for determining the location

of the base station. Other forms of determining the mobile device is moving at a

sufficient velocity may also be possible. In some embodiments, rather than making

collection of TOA measurements and/or location measurements contingent on the

mobile device moving a sufficient velocity, the measurements may be made, but only

used in determining the location of the base station if the mobile device is determined to

be moving at a sufficient velocity. As such, velocity may be measured to determine

whether TOA measurements and location measurements should be used or ignored.

Means for performing block 420 include the components of mobile device 300. More

specifically, means for performing block 420 include an accelerometer and a satellite-

based positioning system.



[0079] At block 430, a first TOA measurement may be collected by the mobile

device. The first TOA measurement may indicate when a PRS was received from the

base station. The timing of the TOA measurement collected at block 430 may be based

on a local clock of the mobile device. This local clock of the mobile device may not be

synchronized with any clock external to the mobile device or any signal external to the

mobile device. Therefore, the mobile device performing block 430 is not synchronized

with the base station which broadcast the PRS or any other base station (of the cellular

network of the base station or some other cellular network). Accordingly, the mobile

device performing block 430 may be in communication with only the base station

having the unknown location. The indication of the time at which the first PRS from

the base station having the unknown location is received may be recorded by the mobile

device, such as in the form of a clock tick count to a non-transitory computer-readable

storage medium of the mobile device. Means for performing block 430 include the

components of mobile device 300. More specifically, means for performing block 430

include a cellular network interface configured to receive PRS's and a TOA

measurement engine, which may be implemented using one or more processors. Means

for recording the TOA measurement may include a non-transitory computer-readable

storage medium.

[0080] At block 440, a location of the mobile device at the time of the first TOA

measurement may be determined. Ideally, determination of the location at block 440

may occur at the same time as the first TOA measurement of block 430. However, in

some embodiments, it may be acceptable for the location measurement of the mobile

device to be collected within a threshold period of time of the TOA measurement at

block 430 being measured. For example, the location determined at block 440 may be

determined within one second of the TOA measurement of block 430. The location

determined at block 440 may be stored in associated with the clock tick count of block

430. Means for performing block 440 include the components of mobile device 300,

including a non-transitory computer-readable storage medium. More specifically,

means for performing block 440 also include a location determination module, such as a

satellite-based positioning system (e.g., GPS).

[0081] At block 450, within a threshold period of time, a second TOA measurement

may be performed by the mobile device. This second TOA measurement is performed

based on another, later PRS broadcast by the same base station. The amount of time



that elapses between the TOA measurement at block 430 and the TOA measurement

that occurs at block 450 may be based on multiple factors, including one or more of: the

velocity of the mobile device, the amount of error expected based on clock drift of the

mobile device, and the PRS period of the base station. The measurement of block 450

may be within a threshold period of time to decrease the amount of error due to clock

drift of the clock of the mobile device used for the asynchronous TOA measurements.

At block 450, an indication of the time at which the second PRS from the base station is

received may be recorded by the mobile device. The time may be in the form of a clock

tick count. Means for performing block 450 include the components of mobile device

300. More specifically, means for performing block 450 include a cellular network

interface configured to receive PRS's and a TOA measurement engine, which may be

implemented using one or more processors.

[0082] At block 460, a second location of the mobile device at the time of the second

TOA measurement may be determined. The location determined at block 460 may be

performed similarly to the determination of location of the mobile device performed at

block 440. The locations determined at blocks 440 and 460 may be compared to

determine if the mobile device has moved by at least a threshold distance. If not, no

TDOA value may be calculated for the pair of TOA measurements. The location

determined at block 460 may be stored in association with the clock tick count of block

450. Means for performing block 460 include the components of mobile device 300.

More specifically, means for performing block 460 include a location determination

module, such as a satellite-based positioning system (e.g., GPS).

[0083] At block 465, it may be determined whether additional TOA measurements are

to be collected based on PRS's of the base station. If so, method 400B may return to

block 450 to continue to make TOA measurements based on PRS's transmitted by the

base station and collecting locations of the mobile device associated with the measured

TOA measurements. Means for performing block 465 include the components of

mobile device 300. More specifically, means for performing block 465 include a TOA

measurement engine, which may be implemented using one or more processors of the

mobile device.

[0084] In some embodiments, the TOA measurements and associated locations of the

mobile device are transmitted to a base station location server for use in determining the



location of the base station. As such, following block 460, the collected TOA

measurements and associated locations may be transmitted to a base station location

server. Such transmission may be via the base station, via another base station (of the

same or different cellular network), or via an alternate network connection. In other

embodiments, one or more TDOA values are calculated at the mobile device, and,

possibly, the location of the base station is calculated at the mobile device based on the

calculated TDOA values. Accordingly, block 470 and/or block 480 may be performed

locally by a mobile device or may be performed remotely by a base station location

server after the TOA (or TDOA) values and associated locations have been transferred

to the base station location server.

[0085] At block 470, TDOA values may be calculated for pairs of TOA

measurements. Calculation of TDOA values may be in accordance with equations 1-3.

In order to locate the base station, it may be necessary to have at least two pairs of TOA

measurements. Therefore, at least three TOA measurements (and associated locations

of the mobile device) may need to be collected. Using at least three TOA

measurements, at least two TDOA values may be calculated. Since the TOA

measurements were asynchronous (that is, only based on the mobile device's clock and

not synchronized with any external signal or clock), the calculated TDOA values are

likewise asynchronous. For each TDOA value calculated at block 470, two locations of

the mobile device may be associated (which are the two locations at which the TOA

measurements used to calculate the TDOA value were measured). At least two TDOA

values and, thus, four associated locations, may be necessary to determine a two-

dimensional location of the base station. The third dimension of altitude may be based

on a terrain map or database that is stored by or accessible to the base station location

server or mobile device. Means for performing block 470 include the components of

mobile device 300 and/or components of system 100. More specifically, means for

performing block 470 include a TOA measurement engine and TOA/location

measurement storage medium. Means for performing block 470 may also include a

base station location server.

[0086] At block 480, the location of the base station may be determined using the

calculated TDOA values and the associated locations. Various arrangements for

calculating a location based on TDOA values is known. All of the TOA measurements

and location measurements may have been gathered using a single mobile device, which



was not synchronized to any clock or signal of the base station or any other base station

of the same or different cellular network. The location of the base station determined at

block 480 may be stored by the mobile device (if calculated by the mobile device)

and/or may be stored by the base station location server (if calculated by the base station

location server). If calculated by the mobile device, the base station location may be

transmitted to the base station location server along with an identifier of the base station

(which may be the same identifier transmitted as part of the PRS). Once the location of

the base station is known, the base station may be used to triangulate or trilaterate (or

otherwise identify) locations of mobile devices that are at unknown locations. Means

for performing block 480 include the components of mobile device 300 and/or

components of system 100. More specifically, means for performing block 480 include

a TOA measurement engine and TOA/location measurement storage medium. Means

for performing block 480 may also include a base station location server.

[0087] Method 400B focuses on the broadcast of PRS's by the base station of a 4G

LTE network. The broadcast of PRS's occur according to a predefined PRS period;

therefore the amount of time that elapses between consecutive PRS broadcasts is

known. In other embodiments of method 400B, a reference signal other than a PRS

may be used, such as in non-LTE cellular networks. Such a reference signal may be

required to be broadcast at predefined timing intervals similar to PRS's.

[0088] FIG. 5 illustrates an embodiment of a method 500 for using two or more

mobile devices for asynchronous positioning of a base station. For example,

embodiments of method 500 may involve the use of two mobile devices, three mobile

devices, four mobile devices, or more. The TOA measurements of each of these mobile

devices are not synchronized with each other or with any base station. As such, the

clocks of these mobile devices are not synchronized and the TOA measurements are

asynchronous. Method 500 may be performed using system 200 of FIG. 2. Each block

of method 500 may be performed by mobile devices such as mobile device 210, mobile

device 220, and mobile device 230 of FIG. 2. Accordingly, multiple instances of

mobile device 300 of FIG. 3 may perform each block of method 500. Further, the

mobile devices used to perform method 500 may include one or more instances of

computerized components, such as detailed in relation to FIG. 7. Accordingly, means

for performing each block of method 500, unless otherwise noted, may include one or

more instances of the components of mobile device 300 of FIG. 3 and/or one or more



instances of the components of computer system 700 of FIG. 7. Further, instances of

the components of system 200 of FIG. 2 may be used in performing method 500.

Functions performed by the mobile device of method 400B may also be performed by

one or more mobile devices as part of method 500.

[0089] At block 510, it may be determined whether a mobile device is communicating

with the base station that has an unknown position. For example, a location of the base

station may only be desired to be determined if an accurate position of the base station

has not yet been determined. For example, if an identifier of a base station is not yet

associated with an accurate position in a database of the base station location server, it

may be desirable to determine the location of the base station. Block 510 may include a

mobile device receiving an indication that TOA measurements for the base station are to

be collected (if the mobile device is moving at greater than a threshold velocity). Means

for performing block 510 include the components of mobile device 300 and components

of system 100. More specifically, means for performing block 510 include a base

station location server, base station, and mobile device.

[0090] At block 520, it may be determined whether the mobile device is moving at a

velocity greater than a threshold velocity. The mobile device may assess whether it is

moving at a sufficient velocity based on velocity measurements obtained from an

accelerometer of the mobile device or from positioning measurements collected via a

satellite-based positioning system, such as GPS. Other forms of determining the mobile

device is moving at a sufficient velocity may also be possible. If the mobile device is

moving at a velocity matching and/or greater than the threshold velocity, TOA and

location measurements may be eligible to be collected and/or used for determining the

location of the base station. TOA measurements may only be captured by the mobile

device if the mobile device has been determined to be moving at greater than a

threshold velocity. In some embodiments, rather than making collection of TOA

measurements and/or location measurements contingent on the mobile device moving a

sufficient velocity, the measurements may be made, but only used in determining the

location of the base station if the mobile device is determined to be moving at a

sufficient velocity. As such, velocity may be measured to determine whether TOA

measurements and location measurements should be used or ignored. Means for

performing block 520 include the components of mobile device 300. More specifically,



means for performing block 520 include an accelerometer and a satellite-based

positioning system.

[0091] At block 530, a first TOA measurement may be performed by the mobile

device. The first TOA measurement may indicate when a PRS is received from the base

station having an unknown location. The timing of the TOA measurement collected at

block 530 may be based only on a local clock of the mobile device (which is not

synchronized with any base station, other mobile device, or any received signal).

Therefore, the mobile device performing block 530 is not synchronized with the base

station which broadcasts the PRS or with any other base station. Accordingly, the

mobile device performing block 530 may be in communication with only the base

station having the unknown location. The indication of the time at which the first PRS

from the base station having the unknown location is received may be recorded by the

mobile device, such as in the form of a clock tick count. Means for performing block

530 include the components of mobile device 300. More specifically, means for

performing block 530 include a cellular network interface configured to receive PRS's

and a TOA measurement engine, which may be implemented using one or more

processors.

[0092] At block 540, a location of the mobile device at the time of the first TOA

measurement may be determined. Ideally, the location determined at block 540 may

occur at the same time as the first TOA measurement of block 530. However, in some

embodiments, it may be acceptable for the location measurement of the mobile device

to be determined within a threshold period of time of the TOA measurement at block

530 being measured. For example, the location determined at block 540 may be

determined within one second of the TOA measurement of block 530. The location

determined at block 540 may be stored in association with the clock tick count of block

530. Means for performing block 540 include the components of mobile device 300.

More specifically, means for performing block 540 include a location determination

module, such as a satellite-based positioning system (e.g., GPS).

[0093] At block 550, within a threshold period of time, a second TOA measurement

may be performed by the mobile device. This second TOA measurement is performed

based on another, later PRS broadcast by the same base station. The amount of time

that elapses between the TOA measurement at block 530 and the TOA measurement



that occurs at block 550 may be based on multiple factors, including one or more of: the

velocity of the mobile device, the amount of error expected based on clock drift of the

mobile device, and the PRS period of the base station. The measurement of block 550

may be within a threshold period of time to decrease the amount of error due to clock

drift of the clock of the mobile device used for the asynchronous TOA measurements.

At block 550, an indication of the time at which the second PRS from the base station

having the unknown location may be recorded by the mobile device, such as a clock tick

count, may be recorded. Means for performing block 550 include the components of

mobile device 300. More specifically, means for performing block 550 include a

cellular network interface configured to receive PRS's and a TOA measurement engine,

which may be implemented using one or more processors.

[0094] At block 560, a second location of the mobile device at the time of the second

TOA measurement may be determined. The location determined at block 560 may be

performed similarly to how the location of the mobile device was determined at block

540. The locations of blocks 540 and 560 may be compared to determine if the mobile

device has moved by at least a threshold distance. If not, no TDOA value may be

calculated based on the pair of TOA measurements. The location determined at block

560 may be stored in association with the clock tick count of block 550. Means for

performing block 560 include the components of mobile device 300. More specifically,

means for performing block 560 include a location determination module, such as a

satellite-based positioning system (e.g., GPS).

[0095] At block 570, the TOA measurements and associated determined locations

may be transmitted to a remote base station location server. At least two TOA

measurements and two associated locations may be provided to the base station location

server from a mobile device, possibly along with an absolute time estimation. An

indication of an identifier of the base station may also be provided by the mobile device

to the base station location server. TDOA values may be calculated for pairs of TOA

measurements. Rather than TOA measurements being transmitted to the base station

location server, TDOA values, which are calculated based on the difference between

TOA measurements, may be transmitted to the base station location server by the

mobile device. In both scenarios, the location data is transmitted to the base station

location server. The location of the base station may be calculated in accordance with

method 600 of FIG. 6. Means for performing block 570 include the components of



mobile device 300. More specifically, means for performing block 570 include a TOA

measurement engine and/or a base station location server.

[0096] The blocks of method 500 may be repeated for at least one additional mobile

device that is receiving PRS's from the same base station. The second mobile device

(and any additional mobile devices) may be expected to exhibit a different amount of

clock drift. The greater the number of TOA measurements and associated location

measurements collected and used for determining the location of the base station, the

greater the accuracy of the location of the base station can be expected. At least two

TDOA values based on TOA measurements collected from different mobile devices as

part of method 500 may be used to calculate the location of the base station. The

measurements by the different mobile devices may involve none, some, or all of the

same PRS's broadcast by the base station. The PRS period of the base station may be

known by the mobile devices and/or the base station location server. Once a sufficient

or desired number of TOA measurements have been gathered (or TDOA values

calculated) in accordance with method 500, method 600 may be performed to determine

the location of the base station. Means for performing block 570 include the

components of mobile device 300. More specifically, means for performing block 570

can include a cellular network interface, other form of network interface, and a

TOA/location measurement storage medium.

[0097] Method 500 focuses on the broadcast of PRS's by the base station of a 4G

LTE network. The broadcast of PRS's occurs according to a predefined PRS period;

therefore the amount of time that elapses between consecutive PRS broadcasts is

known. In other embodiments of method 500, a reference signal other than a PRS may

be used, such as in non-LTE cellular networks. Such a reference signal may be required

to be broadcast at predefined timing intervals.

[0098] FIG. 6 illustrates an embodiment of a method 600 for calculating a location of

a base station using TOA measurements from two or more mobile devices. Method 600

may be performed by a base station location server after method 500 of FIG. 5 has been

performed by at least two mobile devices. Method 600 may also be used to calculate

the location of the base station based on TOA measurements received from a single

mobile device, such as in accordance with method 400B of FIG. 4B. For example, two

or more mobile devices may have performed method 500. Such measurements are



referred to as asynchronous since the TOA measurements of the multiple mobile

devices were not synchronized to any clock or signal. Method 600 may correspond to

system 200 of FIG. 2. Each block of method 600 may be performed by a base station

location server, such as base station location server 130 of FIG. 2. The base station

location server, used to perform method 600, may include one or more instances of

computerized components, such as detailed in relation to FIG. 7. Accordingly, means

for performing each block of method 500, unless otherwise noted, may include one or

more instances of the components of computer system 700 of FIG. 7, such as one or

more instances of processors and non-transitory computer-readable storage mediums.

Further, instances of the components of system 200 of FIG. 2 may be used in

performing method 500.

[0099] At block 610, TOA measurements and associated locations at which the TOA

measurements were captured may be received from a first mobile device. TOA

measurements and associated locations may only be received from the first mobile

device if it was determined that the mobile device was moving faster than a threshold

velocity. These TOA measurements may be associated with a particular base station.

At block 620, TOA measurements and associated locations at which these TOA

measurements were captured may be received from a second mobile device. TOA

measurements and associated locations may only be received from the second mobile

device if it was determined that the mobile device was moving faster than a threshold

velocity. These measurements may be associated with the same base station as in block

610. At blocks 610 and 620, TOA measurements are received. It should be understood

that in other embodiments, TDOA values may be received from the first mobile device

and the second mobile device instead. If TDOA values are received, each TDOA value

may be associated with two locations (where the TOA measurements were captured that

were used to calculate the TDOA value). In the illustrated embodiment of method 600,

TOA measurements are received from to mobile devices. It should be understood that,

in other embodiments, TOA measurements and/or TDOA values may be received from

an additional number of mobile devices and used in calculating the location of a base

station. The TOA or TDOA values received at block 610 and at block 620 by the base

station location server may be received via the base station having its location

determined, via some other base station, or via some alternative network connection. If



method 600 is being performed based on TOA information from only a single mobile

device, block 620 may not be performed.

[0100] At block 630, if TOA measurements were received at blocks 610 and 620,

TDOA values may be calculated from these TOA measurements. Calculation of TDOA

values may be in accordance with equations 1-3 . At least one TDOA value may be

calculated for each mobile device. There is no synchronization between the TOA

measurements of the first mobile device and the second mobile device. Therefore, there

can be expected to be at least some clock drift resulting in an amount of error between

the TOA measurements used to calculate a TDOA value for the first mobile device and

the TOA measurements used to calculate a TDOA value for the second mobile device.

[0101] At block 640, the location of the base station may be calculated using the

TDOA values calculated at block 630 (or received from the mobile devices at blocks

610 and 620), along with the location data that indicates where the one or more mobile

devices were located when the TOA measurements were made. Also used in

determining the location of the base station may be a known PRS period of the base

station. For example, for a particular cellular provider, all of the cellular provider's

base stations may have the same PRS period. In other embodiments, the PRS period of

various base stations of the cellular provider may vary; however by monitoring PRS

signals from the base station, it can be determined which PRS period in accordance with

the LPP standard is being used by the base station. The PRS period may be used to

determine an amount of time that has elapsed between a PRS being broadcast and being

received by a mobile device. At block 650, the determined location of the base station

may be stored by the base station location server and may be used in the future for

determining the position of one or more mobile devices.

[0102] FIG. 7 illustrates an embodiment of a computer system. A computer system

as illustrated in FIG. 7 may be incorporated as part of the previously described

computerized devices, such as the described mobile devices, base stations, base station

location servers, and cellular networks. FIG. 7 provides a schematic illustration of one

embodiment of a computer system 700 that can perform various blocks of the methods

provided by various embodiments. It should be noted that FIG. 7 is meant only to

provide a generalized illustration of various components, any or all of which may be

utilized as appropriate. FIG. 7, therefore, broadly illustrates how individual system



elements may be implemented in a relatively separated or relatively more integrated

manner.

[0103] The computer system 700 is shown comprising hardware elements that can be

electrically coupled via a bus 705 (or may otherwise be in communication, as

appropriate). The hardware elements may include one or more processors 710,

including without limitation one or more general-purpose processors and/or one or more

special-purpose processors (such as digital signal processing chips, graphics

acceleration processors, video decoders, and/or the like); one or more input devices 715,

which can include without limitation a mouse, a keyboard, remote control, and/or the

like; and one or more output devices 720, which can include without limitation a display

device, a printer, and/or the like. For instance, processors 710 may perform the

functions of TOA measurement engine 350 of mobile device 300 of FIG. 3.

[0104] The computer system 700 may further include (and/or be in communication

with) one or more non-transitory storage devices 725, which can comprise, without

limitation, local and/or network accessible storage, and/or can include, without

limitation, a disk drive, a drive array, an optical storage device, a solid-state storage

device, such as a random access memory ("RAM"), and/or a read-only memory

("ROM"), which can be programmable, flash-updateable and/or the like. Such storage

devices may be configured to implement any appropriate data stores, including without

limitation, various file systems, database structures, and/or the like. For instance, non-

transitory storage devices 725 may perform the function of TOA/location measurement

storage medium 360 of FIG. 3.

[0105] The computer system 700 might also include a communications subsystem

730, which can include without limitation a modem, a network card (wireless or wired),

an infrared communication device, a wireless communication device, and/or a chipset

(such as a Bluetooth™ device, an 802. 11 device, a WiFi device, a WiMax device,

cellular communication device, etc.), and/or the like. The communications subsystem

730 may permit data to be exchanged with a network (such as the network described

below, to name one example), other computer systems, and/or any other devices

described herein. In many embodiments, the computer system 700 will further

comprise a working memory 735, which can include a RAM or ROM device, as

described above.



[0106] The computer system 700 also can comprise software elements, shown as

being currently located within the working memory 735, including an operating system

740, device drivers, executable libraries, and/or other code, such as one or more

application programs 745, which may comprise computer programs provided by various

embodiments, and/or may be designed to implement methods, and/or configure systems,

provided by other embodiments, as described herein. Merely by way of example, one

or more procedures described with respect to the method(s) discussed above might be

implemented as code and/or instructions executable by a computer (and/or a processor

within a computer); in an aspect, then, such code and/or instructions can be used to

configure and/or adapt a general purpose computer (or other device) to perform one or

more operations in accordance with the described methods.

[0107] A set of these instructions and/or code might be stored on a non-transitory

computer-readable storage medium, such as the non-transitory storage device(s) 725

described above. In some cases, the storage medium might be incorporated within a

computer system, such as computer system 700. In other embodiments, the storage

medium might be separate from a computer system (e.g., a removable medium, such as

a compact disc), and/or provided in an installation package, such that the storage

medium can be used to program, configure, and/or adapt a general purpose computer

with the instructions/code stored thereon. These instructions might take the form of

executable code, which is executable by the computer system 700 and/or might take the

form of source and/or installable code, which, upon compilation and/or installation on

the computer system 700 (e.g., using any of a variety of generally available compilers,

installation programs, compression/decompression utilities, etc.), then takes the form of

executable code.

[0108] It will be apparent to those skilled in the art that substantial variations may be

made in accordance with specific requirements. For example, customized hardware

might also be used, and/or particular elements might be implemented in hardware,

software (including portable software, such as applets, etc.), or both. Further,

connection to other computing devices such as network input/output devices may be

employed.

[0109] As mentioned above, in one aspect, some embodiments may employ a

computer system (such as the computer system 700) to perform methods in accordance



with various embodiments of the invention. According to a set of embodiments, some

or all of the procedures of such methods are performed by the computer system 700 in

response to processor 710 executing one or more sequences of one or more instructions

(which might be incorporated into the operating system 740 and/or other code, such as

an application program 745) contained in the working memory 735. Such instructions

may be read into the working memory 735 from another computer-readable medium,

such as one or more of the non-transitory storage device(s) 725. Merely by way of

example, execution of the sequences of instructions contained in the working memory

735 might cause the processor(s) 710 to perform one or more procedures of the methods

described herein.

[0110] The terms "machine-readable medium," "computer-readable storage medium"

and "computer-readable medium," as used herein, refer to any medium that participates

in providing data that causes a machine to operate in a specific fashion. These mediums

may be non-transitory. In an embodiment implemented using the computer system 700,

various computer-readable media might be involved in providing instructions/code to

processor(s) 710 for execution and/or might be used to store and/or carry such

instructions/code. In many implementations, a computer-readable medium is a physical

and/or tangible storage medium. Such a medium may take the form of a non-volatile

media or volatile media. Non-volatile media include, for example, optical and/or

magnetic disks, such as the non-transitory storage device(s) 725. Volatile media

include, without limitation, dynamic memory, such as the working memory 735.

[0111] Common forms of physical and/or tangible computer-readable media include,

for example, a floppy disk, a flexible disk, hard disk, magnetic tape, or any other

magnetic medium, a CD-ROM, any other optical medium, any other physical medium

with patterns of marks, a RAM, a PROM, EPROM, a FLASH-EPROM, any other

memory chip or cartridge, or any other medium from which a computer can read

instructions and/or code.

[0112] Various forms of computer-readable media may be involved in carrying one or

more sequences of one or more instructions to the processor(s) 710 for execution.

Merely by way of example, the instructions may initially be carried on a magnetic disk

and/or optical disc of a remote computer. A remote computer might load the



instructions into its dynamic memory and send the instructions as signals over a

transmission medium to be received and/or executed by the computer system 700.

[0113] The communications subsystem 730 (and/or components thereof) generally

will receive signals, and the bus 705 then might carry the signals (and/or the data,

instructions, etc. carried by the signals) to the working memory 735, from which the

processor(s) 710 retrieves and executes the instructions. The instructions received by

the working memory 735 may optionally be stored on a non-transitory storage device

725 either before or after execution by the processor(s) 710.

[0114] It should further be understood that the components of computer system 700

can be distributed across a network. For example, some processing may be performed

in one location using a first processor while other processing may be performed by

another processor remote from the first processor. Other components of computer

system 700 may be similarly distributed. As such, computer system 700 may be

interpreted as a distributed computing system that performs processing in multiple

locations. In some instances, computer system 700 may be interpreted as a single

computing device, such as a distinct laptop, desktop computer, or the like, depending on

the context.

[0115] The methods, systems, and devices discussed above are examples. Various

configurations may omit, substitute, or add various procedures or components as

appropriate. For instance, in alternative configurations, the methods may be performed

in an order different from that described, and/or various stages may be added, omitted,

and/or combined. Also, features described with respect to certain configurations may be

combined in various other configurations. Different aspects and elements of the

configurations may be combined in a similar manner. Also, technology evolves and,

thus, many of the elements are examples and do not limit the scope of the disclosure or

claims.

[0116] Specific details are given in the description to provide a thorough

understanding of example configurations (including implementations). However,

configurations may be practiced without these specific details. For example, well-

known circuits, processes, algorithms, structures, and techniques have been shown

without unnecessary detail in order to avoid obscuring the configurations. This

description provides example configurations only, and does not limit the scope,



applicability, or configurations of the claims. Rather, the preceding description of the

configurations will provide those skilled in the art with an enabling description for

implementing described techniques. Various changes may be made in the function and

arrangement of elements without departing from the spirit or scope of the disclosure.

[0117] Also, configurations may be described as a process which is depicted as a flow

diagram or block diagram. Although each may describe the operations as a sequential

process, many of the operations can be performed in parallel or concurrently. In

addition, the order of the operations may be rearranged. A process may have additional

blocks not included in the figure. Furthermore, examples of the methods may be

implemented by hardware, software, firmware, middleware, microcode, hardware

description languages, or any combination thereof. When implemented in software,

firmware, middleware, or microcode, the program code or code segments to perform the

necessary tasks may be stored in a non-transitory computer-readable medium such as a

storage medium. Processors may perform the described tasks.

[0118] Having described several example configurations, various modifications,

alternative constructions, and equivalents may be used without departing from the spirit

of the disclosure. For example, the above elements may be components of a larger

system, wherein other rules may take precedence over or otherwise modify the

application of the invention. Also, a number of blocks may be undertaken before,

during, or after the above elements are considered.



WHAT IS CLAIMED IS:

1. A method for determining a location of a base station without timing

synchronization, the method comprising:

determining, by a first mobile device, that the first mobile device is moving

faster than a threshold velocity;

capturing, by the first mobile device, a first unsynchronized time of arrival

(TOA) measurement, wherein the first unsynchronized TOA measurement is based on a first

unsynchronized timing measurement of a first received reference signal;

determining, by the first mobile device, a first location of the first mobile

device, wherein the first location corresponds to the first unsynchronized TOA measurement;

capturing, by the first mobile device, a second unsynchronized TOA

measurement, wherein the second unsynchronized TOA measurement is based on a second

unsynchronized timing measurement of a second received reference signal; and

determining, by the first mobile device, a second location of the first mobile

device, wherein:

the second location corresponds to the second unsynchronized TOA

measurement, and

based on the mobile device moving faster than the threshold velocity,

using the first location of the first mobile device, the second location of the first

mobile device, the first unsynchronized TOA measurement, and the second

unsynchronized TOA measurement for determining the location of the base station.

2. The method for determining the location of the base station of claim 1,

wherein:

the first received reference signal and the second received reference signal are

positioning reference signals (PRS's); and

the base station is an eNode B.

3. The method for determining the location of the base station of claim 1,

wherein the first unsynchronized TOA measurement and the second unsynchronized TOA

measurement are measured based only on an unsynchronized clock of the first mobile device.

4. The method for determining the location of the base station of claim 2,

wherein the first unsynchronized TOA measurement and the second unsynchronized TOA



measurement are captured when the first mobile device is receiving PRS's from only the base

station.

5. The method for determining the location of the base station of claim 1,

further comprising:

transmitting, by the first mobile device, data based on the first unsynchronized

TOA measurement, the second unsynchronized TOA measurement, the first location, and the

second location to a server.

6. The method for determining the location of the base station of claim 1,

further comprising:

receiving, by a server, from the first mobile device, data based on the first

unsynchronized TOA measurement, the second unsynchronized TOA measurement, the first

location, and the second location; and

calculating, by the server, a first time difference of arrival (TDOA) value

based on the first unsynchronized TOA measurement and the second unsynchronized TOA

measurement.

7. The method for determining the location of the base station of claim 6,

further comprising:

receiving, by the server, from a second mobile device, data based on a third

unsynchronized TOA measurement, a fourth unsynchronized TOA measurement, a third

location, and a fourth location; and

calculating, by the server, a second TDOA value based on the third

unsynchronized TOA measurement and the fourth unsynchronized TOA measurement,

wherein

timing of the second mobile device is not synchronized with timing of

the first mobile device.

8. The method for determining the location of the base station of claim 7,

further comprising:

calculating, by the server, the location of the base station using the first TDOA

value, the second TDOA value, the first location, the second location, the third location, the

fourth location, and a PRS period of the base station.



9. The method for determining the location of the base station of claim 1,

wherein determining that the first mobile device is moving faster than the threshold velocity

comprises using a measurement from an accelerometer of the first mobile device.

10. The method for determining the location of the base station of claim 1,

wherein determining, by the first mobile device, the first location of the first mobile device

comprises using a satellite-based positioning system.

11. A system for determining a location of a base station without timing

synchronization, the system comprising:

a first mobile device, comprising one or more processors and a memory

communicatively coupled with and readable by the one or more processors and having stored

therein processor-readable instructions which, when executed by the one or more processors,

cause the one or more processors to:

determine that the first mobile device is moving faster than a threshold

velocity;

capture a first unsynchronized time of arrival (TOA) measurement,

wherein the first unsynchronized TOA measurement is based on a first

unsynchronized timing measurement of a first received reference signal;

determine a first location of the first mobile device, wherein the first

location corresponds to the first unsynchronized TOA measurement;

capture a second unsynchronized TOA measurement, wherein the

second unsynchronized TOA measurement is based on a second unsynchronized

timing measurement of a second received reference signal; and

determine a second location of the first mobile device, wherein:

the second location corresponds to the second unsynchronized

TOA measurement, and

based on the mobile device moving faster than the threshold

velocity, using the first location of the first mobile device, the second location

of the first mobile device, the first unsynchronized TOA measurement, and the

second unsynchronized TOA measurement for determining the location of the

base station.

12. The system for determining the location of the base station of claim 11,

wherein:



the first received reference signal and the second received reference signal are

positioning reference signals (PRS's); and

the base station is an eNode B.

13. The system for determining the location of the base station of claim 11,

wherein the first unsynchronized TOA measurement and the second unsynchronized TOA

measurement are measured based only on an unsynchronized clock of the first mobile device.

14. The system for determining the location of the base station of claim 12,

wherein the first unsynchronized TOA measurement and the second unsynchronized TOA

measurement are captured when the first mobile device is receiving PRS's from only the base

station.

15. The system for determining the location of the base station of claim 11,

wherein the processor-readable instructions, when executed, further cause the one or more

processors to:

cause data based on the first unsynchronized TOA measurement, the second

unsynchronized TOA measurement, the first location, and the second location to be

transmitted to a server.

16. The system for determining the location of the base station of claim 15,

the system further comprising:

a server, configured to:

receive, from the first mobile device, data based on the first

unsynchronized TOA measurement, the second unsynchronized TOA measurement,

the first location, and the second location; and

calculate a first time difference of arrival (TDOA) value based on the

first unsynchronized TOA measurement and the second unsynchronized TOA

measurement.

17. The system for determining the location of the base station of claim 16,

the system further comprising a second mobile device, wherein the server is further

configured to:

receive from a second mobile device, data based on a third unsynchronized

TOA measurement, a fourth unsynchronized TOA measurement, a third location, and a

fourth location; and



calculate a second TDOA value based on the third unsynchronized TOA

measurement and the fourth unsynchronized TOA measurement, wherein

timing of the second mobile device is not synchronized with timing of

the first mobile device.

18. The system for determining the location of the base station of claim 17,

wherein the server is further configured to:

calculate the location of the base station using the first TDOA value, the

second TDOA value, the first location, the second location, the third location, the fourth

location, and a PRS period of the base station.

19. The system for determining the location of the base station of claim 11,

wherein the processor-readable instructions that cause the one or more processors of the first

mobile device to determine that the first mobile device is moving faster than the threshold

velocity comprise processor-readable instructions which, when executed, cause the one or

more processors to use a measurement from an accelerometer of the first mobile device.

20. The system for determining the location of the base station of claim 11,

wherein the processor-readable instructions that cause the one or more processors to

determine the first location of the first mobile device comprise processor-readable

instructions which, when executed, cause the one or more processors to determine the first

location of the first mobile device using a satellite-based positioning system.

21. A non-transitory processor-readable medium for determining a

location of a base station without timing synchronization comprising processor-readable

instructions configured to cause one or more processors to:

determine that the first mobile device is moving faster than a threshold

velocity;

capture a first unsynchronized time of arrival (TOA) measurement,

wherein the first unsynchronized TOA measurement is based on a first

unsynchronized timing measurement of a first received reference signal;

determine a first location of the first mobile device, wherein the first

location corresponds to the first unsynchronized TOA measurement;

capture a second unsynchronized TOA measurement, wherein the

second unsynchronized TOA measurement is based on a second unsynchronized

timing measurement of a second received reference signal; and



determine a second location of the first mobile device, wherein:

the second location corresponds to the second unsynchronized

TOA measurement, and

based on the first mobile device moving faster than the

threshold velocity, using the first location of the first mobile device, the

second location of the first mobile device, the first unsynchronized TOA

measurement, and the second unsynchronized TOA measurement for

determining the location of the base station.

22. The non-transitory processor-readable medium for determining the

location of the base station of claim 21, wherein:

the first received reference signal and the second received reference signal are

positioning reference signals (PRS's); and

the base station is an eNode B.

23. The non-transitory processor-readable medium for determining the

location of the base station of claim 21, wherein the first unsynchronized TOA measurement

and the second unsynchronized TOA measurement are measured based only on an

unsynchronized clock of the first mobile device.

24. The non-transitory processor-readable medium for determining the

location of the base station of claim 22, wherein the first unsynchronized TOA measurement

and the second unsynchronized TOA measurement are captured when the first mobile device

is receiving PRS's from only the base station.

25. A system for determining a location of a base station without timing

synchronization, the system comprising:

means for determining that the first mobile device is moving faster than a

threshold velocity;

means for capturing a first unsynchronized time of arrival (TOA)

measurement, wherein the first unsynchronized TOA measurement is based on a first

unsynchronized timing measurement of a first received reference signal;

means for determining a first location of the first mobile device, wherein the

first location corresponds to the first unsynchronized TOA measurement;



means for capturing a second unsynchronized TOA measurement, wherein the

second unsynchronized TOA measurement is based on a second unsynchronized timing

measurement of a second received reference signal; and

means for determining a second location of the first mobile device, wherein:

the second location corresponds to the second unsynchronized TOA

measurement, and

based on the first mobile device moving faster than the threshold

velocity, using the first location of the first mobile device, the second location of the

first mobile device, the first unsynchronized TOA measurement, and the second

unsynchronized TOA measurement for determining the location of the base station.

26. The system for determining the location of the base station of claim 25,

wherein:

the first received reference signal and the second received reference signal are

positioning reference signals (PRS's); and

the base station is an eNode B.

27. The system for determining the location of the base station of claim 25,

wherein the first unsynchronized TOA measurement and the second unsynchronized TOA

measurement are measured based only on an unsynchronized clock of the first mobile device.

28. The system for determining the location of the base station of claim 26,

wherein the first unsynchronized TOA measurement and the second unsynchronized TOA

measurement are captured when the first mobile device is receiving PRS's from only the base

station.

29. The system for determining the location of the base station of claim 25,

further comprising:

means for transmitting data based on the first unsynchronized TOA

measurement, the second unsynchronized TOA measurement, the first location, and the

second location to a server.

30. The system for determining the location of the base station of claim 25,

further comprising:



means for receiving from the first mobile device, data based on the first

unsynchronized TOA measurement, the second unsynchronized TOA measurement, the first

location, and the second location; and

means for calculating a first time difference of arrival (TDOA) value based on

the first unsynchronized TOA measurement and the second unsynchronized TOA

measurement.



















A. CLASSIFICATION OF SUBJECT MATTER
INV. G01S5/06 G01S5/02
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

G01S

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal , WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2006/009235 Al (SHEYNBLAT LEONID [US] 1,11,21,
ET AL) 12 January 2006 (2006-01-12) 25

abstract; claims 1-18; figure 5
paragraphs [0014] - [0017], [0097]

0 02/23215 Al (MOTOROLA INC [US]) 1,11,21,
21 March 2002 (2002-03-21) 25

pages 4-6; claims 1-14

US 2010/331012 Al (ZHANG YANG [CN] ) 1,11,21,
30 December 2010 (2010-12-30) 25

paragraphs [0026], [0051] - [0073]

US 2007/252761 Al (K00RAPATY HAVISH [US] 1,11,21,
ET AL) 1 November 2007 (2007-11-01) 25

paragraphs [0026] - [0044]; claims 1-7

□ Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand
"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" documentwhich may throw doubts on priority claim(s) orwhich is step when the document is taken alone

cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

8 December 2014 15/12/2014

Name and mailing address of the ISA/ Authorized officer
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Esbri , Oriol



Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2006009235 Al 12-01-2006 AU 2005333140 Al 01- 02 2007
AU 2009202647 Al 23-07 2009
BR PI0512268 A 26- 02 2008
CA 2572610 Al 18-12 2005
CN 101032176 A 05- 09 2007
CN 102547978 A 04-07 2012
EP 1779683 A2 02- 05 2007
HK 1107490 Al 23-08 2013
I L 180156 A 28- 11 2013

P 5080257 B2 21-11 2012
P 2008503758 A 07- 02 2008
P 2011019226 A 27- 01 2011
P 2014042247 A 06- 03 2014

KR 20070088455 A 29- 08 2007
KR 20090035749 A 10-04 2009
KR 20100087393 A 04-08 2010
US 2006009235 Al 12-01 2006

O 2007027166 A2 08- 03 2007

W0 0223215 Al 21-03-2002 AU 9104201 A 26-03-2002
US 6445927 Bl 03-09-2002
W0 0223215 Al 21-03-2002

US 2010331012 Al 30-12-2010 2449834 Al 09-05-2012
2010331012 Al 30-12-2010
2011002372 Al 06-01-2011

US 2007252761 Al 01-11-2007 US 2007252761 Al 01-11-2007
W0 2008039144 Al 03-04-2008


	abstract
	description
	claims
	drawings
	wo-search-report

