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Determination of Differential Forward Link Calibration in LTE Networks for

Positioning

RELATED APPLICATIONS

This PCT application claims the benefit of U.S. Provisional Application
No. 61/807,662, entitled “Determination of Differential Forward Link Calibration
in LTE Networks for Positioning,” filed April 2, 2013, U. S. Provisional
Application No. 61/817,813, entitled “Determination of Differential Forward Link
Calibration in LTE Networks for Positioning,” filed April 30, 2013, U. S.
Provisional Application No. 61/838,866, entitled “Determination of Differential
Forward Link Calibration in LTE Networks for Positioning,” filed June 24, 2013,
and U.S. Nonprovisional Application No. 14/146,682, entitled “Determination Of
Differential Forward Link Calibration In Lte Networks For Positioning,” filed

January 2, 2014, each of which is expressly incorporated herein by reference.

BACKGROUND

1. Field

[0001] The subject matter disclosed herein relates to electronic devices, and
more particularly to methods and apparatuses for use in or with location
determination of a mobile device using observed difference of time of arrival

(OTDOA) techniques that employ forward link calibration (FLC) values.

2. Information

[0002] In particular cellular communication networks such as 4G or long-
term evolution (LTE) networks, a receiving device may estimate its location
using OTDOA techniques by measuring times of arrival of signals (e.g.,
positioning reference signals (PRSs)) transmitted by base stations (e.g.,
eNodeBs). The accuracy of estimating a location using this technique relies in

part on the accuracy with which times of the transmission of the signals is
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known. A receiver device may measure times of arrival of a signal for use in
OTDOA according to a time reference such as a time reference obtained from a
global navigation satellite system (GNSS). However, if an internal processing
delay for measuring times of arrival of signals is unknown, an error may be
introduced. Unfortunately, it is expensive and time consuming to calibrate an

internal processing delay for each mobile receiver device.
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BRIEF DESCRIPTION OF DRAWINGS

[0003] Non-limiting and non-exhaustive aspects are described with reference
to the following figures, wherein like reference numerals refer to like parts

throughout the various figures unless otherwise specified.

[0004] FIG. 1is a schematic block diagram illustrating an exemplary mobile
device capable of receiving positioning reference signals (PRS) and satellite
positioning system (SPS) signals, and capable of calculating a location of the

exemplary mobile device in accordance with an implementation.

[0005] FIG. 2 is a system diagram illustrating certain features of a system
containing a mobile device capable of measuring differences in times of arrival
of PRS signals transmitted from base stations, calculating an estimated location
and sending the estimated location and measured differences in times of arrival

to a location server, in accordance with an implementation.

[0006] FIG. 3 is a system diagram illustrating certain features of a system
containing multiple mobile devices capable of measuring the differences in
times of arrival of PRS signals transmitted from base stations, calculating an
estimated location and sending the estimated location and measured time

difference of arrival, in accordance with an implementation.

[0007] FIG. 4 is a schematic block diagram illustrating an exemplary location
server capable of receiving mobile device location estimates and differences in
times of arrival values from positioning reference signals (PRS), determining
differential forward link calibration (FLC) values and calculating an estimated
location of mobile devices using differential FLC values in accordance with an

implementation.
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[0008] FIG. 5is a flow diagram illustrating certain features of an exemplary
process for estimating a location of a mobile device based on a measured

difference between times of arrival of signals according to an embodiment.

[0009] FIG. 6is a flow diagram illustrating certain features of an exemplary
process for to determine a differential FLC value and to utilize the differential
FLC value to enable particular techniques for estimating a location of mobile

devices, in accordance with an implementation.

[0010] FIG. 7 is a flow diagram of a process for computing an estimated

location of a mobile device according to an embodiment.

[0011] FIG. 8 shows placement of a mobile device relative to a pair of base

stations in a wireless communication network according to an embodiment.
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SUMMARY

[0012] Briefly, particular implementations are directed to a method of
providing measurements from a mobile device to a location server, comprising:
determining an estimated location of the mobile device; receiving a first
reference signal from a first base station; receiving a second reference signal
from a second base station; determining a difference between times of arrival of
the first reference signal and the second reference signal; and transmitting, from
the mobile device, one or more messages comprising the estimated location of
the mobile device and the determined difference between times of arrival to the

location server.

[0013] Another particular implementation is directed to a mobile device
comprising: a transceiver to transmit messages to and receive messages from
a communication network; and one or more processors to: determine an
estimated location of the mobile device; measure a time of arrival of a first
reference signal acquired at said transceiver from a first base station; measure
a time of arrival of a second reference signal acquired at said transceiver from a
second base station; determine a difference between times of arrival of the first
reference signal and the second reference signal based, at least in part, on the
measured times of arrival of the first and second reference signals; and initiate
transmission of one or more messages through said transceiver comprising the
estimated location of the mobile device and the determined difference between

times of arrival to the location server.

[0014] An article comprising: a non-transitory storage medium comprising
machine-readable instructions stored thereon which are executable on a mobile
device to: determine an estimated location of the mobile device; determine a
time of arrival of a first reference signal acquired at said transceiver from a first
base station; determine a time of arrival of a second reference signal acquired
at said transceiver from a second base station; determine a difference between

times of arrival of the first reference signal and the second reference signal
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based, at least in part, on the determined times of arrival of the first and second
reference signals; and initiate transmission of one or more messages through a
communication network to the location server comprising the estimated location

of the mobile device and the determined difference between times of arrival.

[0015] Another particular implementation is directed to a mobile device
comprising: means for determining an estimated location of the mobile device;
means for receiving a first reference signal from a first base station; means for
receiving a second reference signal from a second base station; means for
determining a difference between times of arrival of the first reference signal
and the second reference signal, and means for transmitting, from the mobile
device to a location server, one or more messages comprising the estimated
location of the mobile device and the determined difference between times of
arrival. Another particular implementation is directed to a method at a
computing apparatus of determining differential forward link calibration (FLC)
value for a pair of base stations, comprising: determining a difference between
times of arrival at a mobile device of a first reference signal transmitted from a
first base station and a second reference signal transmitted from a second base
station; determining an estimated location of the mobile device; determining the
differential FLC value based, at least in part, on said determined difference
between times of arrival and the estimated location of the mobile device; and
updating a stored differential FLC value for the first base station and the second

base station based, at least in part, the determined differential FLC value.

[0016] Another particular implementation is directed to a special purpose
computing apparatus for determining a differential forward link calibration (FLC)
value for a pair of base stations comprising: memory device; and one or more
processors to: determine a difference between times of arrival at a mobile
device of a first reference signal transmitted from a first base station and a
second reference signal transmitted from a second base station; determine an
estimated location of the mobile device; determine the differential FLC value
based, at least in part, on said determined difference between times of arrival

and the estimated location of the mobile device; and update a stored differential
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FLC value stored in said memory device for the first base station and the
second base station based, at least in part, the determined differential FLC

value.

[0017] Another particular implementation is directed to an article comprising:
a non-transitory storage medium comprising machine-readable instructions
stored thereon which are executable by a special purpose computing apparatus
to: determine a difference between times of arrival at a mobile device of a first
reference signal transmitted from a first base station and a second reference
signal transmitted from a second base station; determine an estimated location
of the mobile device; determine the differential FLC value based, at least in part,
on said determined difference between times of arrival and the estimated
location of the mobile device; and update a stored differential FLC value for the
first base station and the second base station based, at least in part, the

determined differential FLC value.

[0018] Another particular implementation is directed to an apparatus
comprising: means for determining a difference between times of arrival at a
mobile device of a first positioning reference signal transmitted from a first base
station and a second positioning reference signal transmitted from a second
base station; means for determining an estimated location of the mobile device;
means for determining the differential FLC value based, at least in part, on said
determined difference between times of arrival and the estimated location of the
mobile device; and means for updating a stored differential FLC value for the
first base station and the second base station based, at least in part, the

determined differential FLC value.

[0019] Another particular implementation is directed to a method comprising:
obtaining a difference between times of arrival at a mobile device of a first
reference signal transmitted from a first base station and a second reference
signal transmitted from a second base station; and estimating a location of the
mobile device based, at least in part, on the obtained difference, estimated

locations of the first and second base stations and a differential forward link
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calibration (FLC) value for the first and second base stations. In one aspect,
obtaining the difference between the times of arrival may further comprises:
transmitting a request for the difference between times of arrival to the mobile
device; and receiving one or more messages transmitted in response to said
request containing the difference between times of arrival. In another particular
aspect, the method may be initiated in response to receipt of a message
requesting said estimated location from a requesting entity, and wherein the
method further comprises transmitting one or more messages comprising said
estimated location to said requesting entity. In another aspect, the requesting
entity may comprise a network entity. In another aspect, the message
requesting the estimated location may originate at an application server. In
another aspect, the requesting entity may comprise the mobile device. In yet
another aspect, the request to determine the estimated location of the mobile
device may be received from a network entity. In yet another aspect, the
request to determine the estimated location of the mobile device may be
received from an application server. In yet another aspect, request to
determine the location of the mobile device may be received from the mobile
device. Inyet another aspect, obtaining the difference between times of arrival
may further comprise: transmitting a request for measuring times of arrival of
the first and second reference signals to the mobile device; receiving a
message from the mobile device in response to the request containing
measured times of arrival of the first and second reference signals; and
computing the difference between said times of arrival based, at least in part, on

said measured times of arrival of the first and second reference signals.

[0020] Another particular implementation is directed to an apparatus
comprising: one or more processors programmed with instructions to: obtain a
difference between times of arrival at a mobile device of a first reference signal
transmitted from a first base station and a second reference signal transmitted
from a second base station; and estimate a location of the mobile device based,
at least in part, on the obtained difference, estimated locations of the first and
second base stations and a differential forward link calibration (FLC) value for

the first and second base stations.
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[0021] Another particular implementation is directed to an article comprising:
a non-transitory storage medium comprising machine-readable instructions
stored thereon which are executable by a special purpose computing apparatus
to: obtain a difference between times of arrival at a mobile device of a first
reference signal transmitted from a first base station and a second reference
signal transmitted from a second base station; and estimate a location of the
mobile device based, at least in part, on the obtained difference, estimated
locations of the first and second base stations and a differential forward link

calibration (FLC) value for the first and second base stations.

[0022] Another particular implementation is directed to an apparatus
comprising: means for obtaining a difference between times of arrival at a
mobile device of a first reference signal transmitted from a first base station and
a second reference signal transmitted from a second base station; and means
for estimating a location of the mobile device based, at least in part, on the
obtained difference, estimated locations of the first and second base stations
and a differential forward link calibration (FLC) value for the first and second

base stations.

[0023] It should be understood that the aforementioned implementations are
merely example implementations, and that claimed subject matter is not

necessarily limited to any particular aspect of these example implementations.
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DETAILED DESCRIPTION

[0024] Some example techniques are presented herein which may be
implemented in various method and apparatuses in a mobile device and a
location server to perform differential forward link calibration and to enable

particular techniques for estimating locations of mobile devices.

[0025] In some networks, e.g., Long Term Evolution (LTE) networks,
measurements of times of arrival of signals transmitted by base stations (e.g.,
eNodB) can be used for positioning provided that the times of transmission of
these signals at the base stations are known. According to an embodiment,
forward link calibration (FLC) values may be used to measure offsets in times of
transmission of certain signals between or among different base stations in a
network. In some networks, however, including many LTE networks, a highly
accurate offset value (e.g., FLC value) may not be known. Also, processing
delays at a handset affecting the accuracy of OTDOA measurements may not
be known. |In some networks, such as some LTE networks, a mobile receiver
may be capable of measuring differences in times of arrival of different signals,
but may be incapable of accurately determining the timing of network events in
reference to a global navigation satellite system (GNSS) time domain. This
may make location determination more difficult than in some other networks,
such as CDMA, where FLC values may be determined based on GNSS position
fixes providing a precise time transfer between a GNSS time domain and a

communication network time domain at a receiver.

[0026] In some networks, such as LTE networks, it can be observed that
differences between transmission may enable positioning without precise
translation between time referenced in a GNSS time domain and
communication network time at a receiver (e.g., on a nanosecond scale for
timing network events, such as positioning reference signals (PRS) or other
signals such as cell-specific reference signal (CRS) for measuring OTDOA). An
observed differences in times of arrival may be utilized to obtain differences
between transmission times (e.g., differential FLC value) for a pair of base

stations in a network. A reliability of a differential FLC value may be increased if
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more measurements are available. One OTDOA measurement, along with the
position of the base stations and estimated location of a mobile device obtaining
the OTDOA measurement may be sufficient to compute a sufficiently accurate
FLC value. However, additional measurements may yield more accurate
results. A differential FLC may be utilized to increase the accuracy of OTDOA

positioning.

[0027] In certain implementations, as illustrated in FIG. 1, a mobile device
100 may comprise a wireless transceiver 120 with antenna 122 for transmitting
and receiving wireless signals 123 over a wireless network, a Satellite
Positioning System (SPS) receiver 155 with SPS antenna 158 for receiving and
processing Satellite Positioning System (SPS) signals 159. The processed
SPS signals 159 may be used for estimating location of mobile device 100.
Parameters or values obtained from processing received wireless signals 123
and SPS signals 159 may be stored in memory 140 or registers. The stored
parameters or values may be processed through the use of one or more
general-purpose processors 110, specialized processors or DSPs 115. Times
of arrival of received wireless signals 123 may be measured and a difference
between times of arrival of different wireless signals 123 may be determined
from the stored parameters or values. The determined difference between the
two times of arrival of the different wireless signals 123 along with an estimated
location of the mobile device 100 may be transmitted via the wireless
transceiver 120 to other devices such as a location server, such as an evolved

Secure User Plane Location Center (eSMLC), or other device.

[0028] In certain embodiments, as illustrated in FIG. 2, a mobile device 100
may acquire SPS signals 159 from SPS Satellites 260. In some embodiments,
SPS Satellites 260 may be from a single GNSS, such as the GPS or Galileo
satellite systems. In other embodiments, SPS Satellites 260 may be from
multiple GNSS such as, but not limited to, GPS, Galileo, Glonass, or Beidou
(Compass) satellite systems. Measurements of GNSS signals or other SPS
signals acquired at mobile device 100 may be utilized to estimate a location of a

mobile device such as mobile device 100a, for example.

11
051.P476PCT



WO 2014/165458 PCT/US2014/032427

QUALCOMM Ref. No. 132439WO

[0029] In addition, mobile device 100a may acquire PRS signals transmitted
from base station 210a and base station 210b as wireless signals 123a and
123b. In some embodiments, base station 210a and base station 210b may be
part of a LTE network and may comprise EnodeB base stations, for example.
In a particular implementation as shown in FIG. 3, base station 210a may be
represented by EnodeB1 and base station 210b may be represented by
EnodeB2. Mobile device 100a may measure a difference between times of
arrival of PRS signals 123a and 123b, and then transmit the measured
difference to location server 250. In this context, a time of arrival of a received
PRS signal may be measured based, at least in, part, on timing of a correlation
peak that results from correlating the received PRS signal with a stored replica
of the PRS signal using matched filter techniques. In an example
implementation, in an LTE network, location server 250 may be represented by

an evolved Secure User Plane Location Center (eSMLC).

[0030] Location server 250 may determine a differential FLC value based, at
least in part, on a measured difference between times of arrival of wireless
signals 123a and 123b transmitted by base stations 210a and 210b,
respectively. Location server 250 may combine multiple measurements of such
differences in times of arrival from multiple mobile devices (e.g., mobile devices
100a and 100b) to calculate a differential FLC value for a pair of base stations.
Differential FLC values computed from different pairs of differences between
times of arrival of PRS signals 123a and 123b (e.g., as obtained by the same or
different mobile devices), may be combined. For example, such differential FLC
values may be combined to compute a mean value, a median value and/or
center of the distribution of values for differential FLC for a pair of base stations
such as base station 210a and base station 210b. In a particular
implementations, any one of several “best fit" approaches may be implemented
for calculating an estimated differential FLC value such as, for example, a least

squares fit or a weighted combination where outliers are deweighted.

[0031] A computed differential FLC value may be used by location server

250 to estimate a location of mobile device 100b, for example. Location server

12
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250 may use times of arrival of wireless signal 123c and wireless signal 123d
(e.g., transmitted as first and second PRS signals, respectively) in conjunction
with a computed differential FLC value for base station 210a and base station
210b to calculate an estimated location of mobile device 100b. In some
embodiments, measurements of arrival times of multiple pairs of received PRS
signals from respective base station pairs may be utilized to estimate a location
of mobile device 100b. It should be understood that a base station may
comprise one base station (e.g., e-NodeB) of multiple base station pairs (e.g.,
pairs of e-NodeB), and therefore may have multiple FLC values associated
therewith (e.g., at least one FLC value for each base station pair used to

determine the location of a mobile device).

[0032] In certain implementations, as illustrated in Fig. 3, multiple mobile
devices, for example, 100a through 100n, may be utilized to measure arrivals of
PRS signals transmitted from base stations 210a and 210b to calculate a
difference in times of arrival for signals transmitted from base stations 210a and
210b. A mobile device from among mobile devices 100a through 100n may be
capable of calculating an estimate of its location, for example, via acquisition of
GNSS signals, signals transmitted from land based tranceivers or via other
means known in the art. A mobile device from among mobile devices100a
through 100n may also be capable of forwarding an estimate of its location and
measured differences in times of arrival acquired PRS signals transmitted by a
pair of base stations to location servers such as location server 250, for

example.

[0033] In certain implementations, location server 250 may comprise some
or all of the devices of location server 400 as illustrated in FIG. 4. Location
server 400 may include a communications interface 430, such as a network
interface, which is capable of transmitting and receiving messages over a
network 230, one or more general-purpose processors 410 and/or specialized
processors or DSPs 420, memory 440 such as RAM, ROM, FLASH or other
operating memory as well as device based memory such as internal disc drives

and external memory 450 such as hard disc drives, optical drives or other

13
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external memory devices. The communications interface 430 may be capable
of receiving from mobile device 100 differences in times of arrival of PRS
signals and estimated locations of the mobile device 100. Differences in times
of arrival and estimated locations of the mobile device 100 may be used to
calculate and/or update a differential FLC value associated for a base station
pair, such as base station 210a and base station 210b. Communications
interface 430 may also be capable of receiving messages comprising measured
times of arrival of acquired PRS signals from mobile station 100b which may be
used, in some embodiments, to calculate an estimate of the location of mobile
station 100b. Processor 410 and/or DSP 420 may be used to calculate the
estimate of the location of mobile station 100b based, at least in part, on
measured times of arrival of signals acquired from base station 210a and base
station 210b (or a difference in times of arrival of PRS signals 123c and 123d
from base stations 210a and base stations 210b), estimated locations of base
stations 210a and 210b, and the differential FLC value for base stations 210a
and 210b (e.g., from execution of machine-readable instructions stored on
memory 440). Computed differential FLC values and/or measured differences
in times of arrival may be combined with parameters derived from other base
station pairs, measurements of ranges to other terrestrial transceivers and
pseudorange measurements from GNSS satellites. In an embodiment for an
LTE network, Location server 400 may comprise an evolved Secure User Plane
Location Center (eSMLC).

[0034] FIG. 5is a flow diagram illustrating a process of determining a
difference in times of arrival of acquired PRS signals (e.g., wireless signals
123a and 123b) transmitted from a pair of base stations (e.g., base station 210a
and base station 210b). In some embodiments, the process of FIG. 5 may be
performed at a mobile device and initiated in response to a user input. For
example, the process of FIG. 5 may be implemented in mobile device 100 used
as a network calibration device. In an alternative embodiment, an estimated
differential FLC may be calculated on a mobile device, and then forwarded to a
server for use in in updating an existing estimated differential FLC value to be
used as positioning assistance data.

14
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[0035] In some embodiments, the process of FIG. 5 may be initiated as part
of an ongoing location determination session with a location server, particularly
if GNSS measurements are available and sufficient to calculate an accurate
estimate of a location of a mobile device, but where measured differences in
times of arrival of PRS signals are also taken by a mobile device and reported
to a location server (e.g., location server 250). In some embodiments, the
process of FIG. 5 may be initiated in response to a request by a location server,
for example, by an eSMLC in an LTE network, as part of a mobile assisted
location request where location is to be calculated by the server. In some
embodiments, a variety of methods may be used to initiate the process of FIG.
5 to report measured differences in times of arrival for PRS signals, possibly
including one or more of the above initiation methods. In some embodiments,
for example on LTE networks, a measured difference in times of arrival for PRS
signals may be referred to as a Reference Signal Time Difference (RSTD). In
some embodiments, for example on LTE networks, a difference in times of
arrival for PRS signals may be measured during a predetermined period of time
during which a time offset of PRS from different cells is estimated. In some
embodiments, the PRS time offset for multiple pairs of base stations may be

determined and sent to a location server.

[0036] In some embodiments, prior to or in conjunction with execution of the
process of FIG. 5, a mobile device may receive positioning assistance data.
For example, such positioning assistance data may include SPS assistance
data or a list of base stations (e.g., such as base stations 210a and 210b)
estimated locations of the base stations, description of PRS parameters for
those base stations such as frequency, bandwidth, timing or periodicity. These
parameters characterizing base stations in a network may be included in a table
that is a subset of a base station almanac or provided separately. In some
embodiments, a base station almanac with positioning assistance data for the
listed base stations may be pre-loaded onto mobile device 100 or periodically
downloaded from a location server 250 or from an Alamanac server. In some
embodiments, common reference signals (CRS) signals may also be utilized
and may be represented by signals 123a, 123b, 123c and 123d.

15
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[0037] At block 500, an estimated location of a mobile device may be
determined using any one of several techniques known in the art. For example,
a location of the mobile device may be estimated based, at least in part, on
acquisition of satellite-based signals such as GNSS signals such as GPS,
Beidou, Galileo or GLONASS signals. For example, SPS signals may be
received at antenna 158 and processed at SPS receiver 155 and DSP 115
and/or general-purpose processor 110 (FIG. 1) for estimating a location of the
mobile device. Alternatively, a location of the mobile device may be estimated
based, at least in part, on acquisition of terrestrial reference signals such as
wireless signals transmitted from wireless base stations, or wireless access
points, or other terrestrial transceivers. For example, wireless signals may be
received at antenna 122 and processed at wireless transceiver 120 and DSP
115 and/or general-purpose processor 110 for estimating a location of the
mobile device (FIG. 10). A location of the mobile device may also be estimated
using a combination of acquired signals and measured ranges to various

terrestrial and/or satellite-based sources.

[0038] Atblock 510 a first PRS signal (e.g., as wireless signals 123a) is
acquired from a first base station (e.g., base station 210a). In one alternative
implementation, a timer may be started at the receipt of the first PRS signal. At
block 520 a second PRS signal (e.g., as wireless signal 123b) is acquired from
a second base station (e.g., base station 210b). The time of receipt or relative
time of receipt may be recorded. Alternatively, if a timer was started in
response to receipt of the first PRS signal (as discussed above in block 510) the
timer may be stopped in response to acquisition of the second PRS signal. The
value of the stopped timer may then indicate differences in the times of receipt
of the first and second PRS signals. In a particular example implementation,
the first and second PRS signals may be received at antenna 122 and
processed by wireless transceiver 120, and DSP 115 and general-purpose
processor 110 for detecting/measuring relative times of arrival of the first and
second PRS signals (FIG. 1).
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[0039] At block 530, a difference between a time of arrival of the first PRS
reference signal and a time of arrival of the second PRS signal is measured. In
some embodiments, such a difference in times of arrival may be measured by
subtracting a time of arrival of the second PRS signal from a time of arrival of
the first PRS signal. The times may be relative or absolute. In some
embodiments, the difference in time of arrival may be determined by the value
of an elapsed timer that is started in response to receipt of the first PRS signal
and stopped in response to receipt of the second PRS signal. Here, the
difference obtained at block 530 may be determined by operations performed at
general-purpose processor 110 and/or DSP 115 based on acquisition of the first

and second PRS signals at wireless transceiver 120 (FIG. 1).

[0040] Atblock 540, an estimated location of the mobile device and
measured difference between a time of arrival for the first PRS signal and time
of arrival for a second PRS signal may be may be transmitted in messages to a
location server (e.g., location sever 250 via network 230). In an alternative
implementation, a computed differential FLC estimate may be transmitted to the
location server to be combined with other differential FLC estimates. A
distribution (e.g., histogram) of the combined estimates may be formed, and a
center estimate of the distribution may be selected, for example. These
messages may also include identifiers of the base stations that transmitted the
first and second PRS signals (base stations 210a and 210b) and, in some
embodiments, one or more identifiers of the mobile device. The estimated
location of the mobile device and measured difference may be transmitted

through wireless transceiver 120 and antenna 122 (FIG. 1).

[0041] In FIG. 6, a differential FLC value for a pair of base stations may be
computed. In one example, implementation, the process of FIG. 6 may be
performed by location server 250. For example, location server 250 may
receive and use messages from handset 100a to determine a differential FLC
value for base stations 210a and 210b. In an alternative implementation, a
differential FLC value may be computed at a mobile device and transmitted to

location sever 250. In some embodiments, the process of FIG. 6 may be
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initiated by location server 250 sending a request to mobile device 100a for an
estimated location of mobile device 100a, and for a measured difference in
times of arrival for at least one pair of base stations 210a and 210b. In some
embodiments, the process of FIG. 6 may be initiated by location server 250 in
response to receiving a request to calculate an estimated location of mobile
device 100a, for example, as part of an emergency location request or as part
of a mobile-assisted location request where location server 250 also calculates
an estimated location of mobile device 100a. In cases where a mobile device
reports GNSS measurements that are sufficient for obtaining an accurate
location estimate, but also reports differences in times of arrival for PRS signals
transmitted by at least one pair of base stations (e.g., base stations 210a and
210b), the measured differences of times of arrival may be utilized to determine,
update or modify stored differential FLC values, for example, such as differential
FLC values stored in a base station almanac. [f differential FLC values are
stored in a base station almanac, an entry for a given base station may include
fields for a plurality of base station pairs linked to respective differential FLC

values for the base station pairs.

[0042] Block 600 may determine a difference between times of arrival of a
first PRS signal transmitted by a first base station (e.g., base station 210a) and
a second PRS signal transmitted by a second base station (e.g., base station
210b) at a mobile device. In one example, location server may receive one or
more messages from mobile device 100a containing a difference between times
of arrival at mobile device 100a of a first PRS signal (e.g., wireless signal 123a)
transmitted by a first base station (e.g., base station 210a) and of a second
PRS signal (e.g., wireless signal 123b) transmitted by a second base station
(e.g., base station 210b). In a particular implementation, the one or more
messages may be received at communication interface 430 (FIG. 4). In other
embodiments, the times of arrival of first and second PRS signals (relative or
absolute) as observed at mobile device 100a may be transmitted to location
server 250 (e.g., instead of the measured difference in times of arrival value for

base stations 210a and 210b) which may be used to calculate a differential FLC
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value for the first base station, base station 210a, and for the second base
station, base station 210b at block 620.

[0043] Block 610 may determine an estimated location of mobile device
100a using any one of several techniques. In one example implementation, the
estimated location of mobile device 100a may be provided with the one or more
messages including differences in times of arrival of PRS signals. In another
alternative implementation, the estimated location of the mobile device 100a
may be computed (e.g., by general-purpose processor 410 and/or DSP 420
through execution of machine-readable instructions stored on memory 440)
based on measurements or observations. For example, location server 250
may obtain ranging and/or timing measurements from the mobile device (e.g., in
messages received from the mobile device or otherwise). In some
embodiments, the process of FIG. 6 may be initiated in response to a request
from mobile device 100a for position assistance data. For example, the process
of FIG. 6 may be initiated in response to a request made to location server 250
to estimate a location of mobile device 100a. |n other embodiments, the
process of FIG. 6 may be initiated by mobile device 100a, for example, in the
course of performing network calibration where mobile device 100a is a network
calibration device. In other embodiments, the process of FIG. 6 may be initiated
by location server 250 requesting measurements and/or an estimated location
from mobile device 100a. In other embodiments, the process of FIG. 6 may be
initiated in response to transmission of positioning assistance data to mobile

device 100a.

[0044] At block 620, location server 250 may determine a differential FLC
value for the first base station and for the second base station using a
measurement of differences in times of arrival determined at block 600. In an
alternative embodiment, location server 250 may determine a differential FLC
value for the first base station and for the second base station using measured
times of arrival of acquired first and second PRS signals, as transmitted by the
mobile device. In an alternative embodiment, location server 250 may

determine a differential FLC value for the first and second base stations using
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raw timing and signal measurements of acquired first and second PRS signals,

as sent by the mobile device.

[0045] FIG. 8 illustrates placement of a mobile device 800 relative to base
stations 801 and 802 forming a pair of base stations in a communication
network according to an embodiment. For simplicity, FIG. 8 merely shows one
base stations that are in range of mobile device 800. It should be understood,
however, that multiple different pairs of base stations in a network may be in
range of mobile device 800. It should be further understood that there may be
other mobile devices within range of base stations 801 and 802. As discussed
above in connection with a particular embodiment, FLC values may be
determined for different pairs of base stations in a communication network.
According to an embodiment, location server 250 at block 620 may compute an
FLC value for a pair of base stations (base stations “1” and “2”) as shown in Fig.

8 according to relation (1) as follows:

FLCy., = PRS} — PRS] = PRSE — PRSf — (R, — Ry)/c

(1)

where;

Ry = \/(pi‘ -3 —(p] —p3)?;

Ry = \/(p%‘ - )= (p} —p3)?;

PRS;" is atime of transmission of a PRS signal from a first base station
(e.g., base station 801);

PRS;"is a time of transmission of a PRS signal from a second base
station (e.g., base station 802);

PRSRis a time of receipt at a mobile device (e.g., mobile device 800) of
the PRS signal transmitted at time PRS/’;
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PRS- is a time of receipt at a mobile device (e.g., mobile device 800) of
the PRS signal transmitted at time PRS2’ ;

¢ is the speed of light;

p7*is an x coordinate of a location of a first base station (e.g., base
station 801);

p+¥is a y coordinate of a location of a first base station (e.g., base station
801);

p2*is an x coordinate of a location of a second base station (e.g., base
station 802);

p2¥is a y coordinate of a location of a second base station (e.g., base
station 802);

p3*is an x coordinate of a location of a mobile device (e.g., mobile device
800); and

ps’is a y coordinate of a location of a mobile device (e.g., mobile device
800).

[0046] At block 630, location server 250 may update a stored differential
FLC value for a first base station and a second base station using the received
time different of arrival. In a particular implementation, general-purpose
processor 410 may update a differential FLC value for the first and second base
stations in memory 440 or external memory 450. The updating may be
performed using any one of several techniques such as by combining a history
of measured differential FLC values by averaging, determining a median
differential FLC value using the computed and historical differential FLC values,
or doing a least squares fit on the measured and historical differential FLC

values, just to provide a few examples.

[0047] FIG. 7 illustrates an exemplary process to estimate a location of
mobile device 100b. In one implementation, the process of FIG. 7 may be
performed by location server 250. In an alternative embodiment, the process of
FIG. 7 may be performed by mobile device 100b. In one particular

implementation, the process of FIG. 7 may be performed by location server 250
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in response to receipt of a request to estimate the location of mobile device
100b. In some embodiments, a request for an estimated location of mobile
device 100b may be initiated by mobile device 100b, and a request to estimate
a location of mobile device 100b may be transmitted by mobile device 100b. In
some embodiments, a request for an estimated location of mobile device 100b
may be initiated by a network entity such as, for example, a public safety
answering point, an application server, or from the call processing infrastructure
such as the base station, mobile switching center or other network infrastructure

devices.

[0048] In some embodiments, location server 250 may respond to a request
to estimate a location of mobile device 100b by transmitting positioning
assistance data to mobile device 100b. The positioning assistance data may be
utilized by mobile device 100b to measure differences in times of arrival of

signals transmitted by base station pairs, such as base stations 210a and 210b.

[0049] As discussed above, in some embodiments, positioning assistance
data may include a list of base stations, such as base station 210a and base
station 210b, description of PRS parameters for those base stations such as
frequency, bandwidth, timing or periodicity. This description of PRS parameters
may be included in a table that is a subset of a base station almanac or
provided separately. In some embodiments, a base station almanac with
positioning assistance data for the listed base stations may be pre-loaded onto
a mobile device (e.g., mobile device 100) or periodically downloaded from a
location server 250 or from an almanac server. |n some embodiments, base
station almanac information may include differential FLC values for respective
base station pairs, linked to the entries for the respective base stations that
enable the mobile device to calculate estimates of its location directly using a

mobile based method of location determination.

[0050] Atblock 720, location server 250 may estimate a location of the
mobile device based, at least in part, on the difference between times of arrival

obtained at block 710, estimated locations of the first and second base stations

22
051.P476PCT



WO 2014/165458 PCT/US2014/032427

QUALCOMM Ref. No. 132439WO

and differential FLC values for the first and second base stations. Blocks 710
and 720 may be performed, at least in part, by general-purpose processor 410
and/or DSP 420 in combination with executable instructions stored on memory
440. In an alternative mobile based location determination implementation,
blocks 710 and 720 may be bypassed by location server 250 and an estimated
location of the mobile device may be determined on the mobile device using the
time difference of arrival measurements for at least one pair of base stations
and using differential FLC value(s) for at least one pair of base stations. Here,
for example, blocks 710 and 720 may be performed, at least in part, by general-
purpose processor 110 and/or DSP 115 in combination with instructions stored

on memory 140.

[0051] For mobile assisted location determination, an estimated location may
be calculated on location server 250. In one embodiment, at block 710, location
server 250 may receive a measured difference between times of a first PRS
signal, such as wireless signal 123a, from a first base (e.g., base station 210a),
and a second PRS signal, such as wireless signal 123b, from a second base
station (e.g., base station 210b). In some embodiments, multiple time
difference of arrival measurements may be received for corresponding pairs of
base stations, such as base stations 210a and 210b, and may be utilized to

calculate the estimated location in block 720 below.

[0052] In block 710, in an embodiment, the value for the difference in time of
arrival value for the first base station and for the second base station may be
calculated by mobile device 100a and transmitted in a message sent to location
server 250. However, in other embodiments, the (relative or absolute)
differences in time of arrival of the first and second PRS signals or, in another
embodiment, raw signal and timing measurements from acquisition of the first
and second PRS signals may be transmitted from mobile device 100a in a
message to the location server 250 (instead of the differences in time of arrival
value for the first and second base stations) which may be used to calculate a
differential FLC value for the first and second bases; in some embodiments

where the raw signal and timing measurements are sent to location server 250,
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it may be unnecessary to send positioning assistance data to mobile device
100b and the raw measurement data and timing measurements may be utilized

to calculate location or differential FLC values directly.

[0053] At block 720, location server 250 may estimate a location of mobile
device 100b using parameters comprising a measured difference in time of
arrival for a first PRS signal (e.g., wireless signal 123c) transmitted from a first
base station (e.g., base station 210a) and arrival of a second PRS signal (e.qg.,
wireless signal 123d) transmitted from a second base station (e.g., base station
210b), estimated locations of the first and second base stations, and the
differential FLC value for the base station pair comprising the first and second
base stations. A location of the mobile device may be estimated using any
one of several technigues such as, for example, OTDOA. Assume, for
example, OTDOA is performed for PRS signals transmitted by three different
base stations where one of the PRS signals is selected as a reference PRS.
Differential FLC values relating the reference PRS to the two other PRS’ may
be used to correct the relative timing offset between the reference PRS and the
two other PRS’. In an embodiment, multiple sets of the above information
corresponding to multiple pairs of base stations may be utilized to determine the

location of mobile device 100b.

[0054] In some embodiments, location server 250 may determine an
estimated location of mobile device 100b based, at least in part, on parameters
comprising a measured difference between a time of arrival of a first PRS signal
(e.g., wireless signal 123c) transmitted from a first base station (e.g., base
station 210a) and time of arrival of a second PRS signal (e.g., wireless signal
123d) transmitted from a second base station (e.g., base station 210b),
estimated locations of the first and second base stations, and a differential FLC
value for the first and second base stations. |n alternative embodiments,
additional measurements may be used in calculating the estimated location of
mobile device 100b such as measurements of ranges to other terrestrial

transmitters and/or psuedoranges to GNSS satellites.
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[0055] Reference throughout this specification to "one example”, "an
example", “certain examples”, or “exemplary implementation” means that a
particular feature, structure, or characteristic described in connection with the
feature and/or example may be included in at least one feature and/or example
of claimed subject matter. Thus, the appearances of the phrase "in one
example", "an example", “in certain examples” or “in certain implementations” or
other like phrases in various places throughout this specification are not
necessarily all referring to the same feature, example, and/or limitation.
Furthermore, the particular features, structures, or characteristics may be

combined in one or more examples and/or features.

[0056] The methodologies described herein may be implemented by various
means depending upon applications according to particular features and/or
examples. For example, such methodologies may be implemented in
hardware, firmware, and/or combinations thereof, along with software. In a
hardware implementation, for example, a processing unit may be implemented
within one or more application specific integrated circuits (ASICs), digital signal
processors (DSPs), digital signal processing devices (DSPDs), programmable
logic devices (PLDs), field programmable gate arrays (FPGAs), processors,
controllers, micro-controllers, microprocessors, electronic devices, other
devices units designed to perform the functions described herein, and/or

combinations thereof.

[0057] In the preceding detailed description, numerous specific details have
been set forth to provide a thorough understanding of claimed subject matter.
However, it will be understood by those skilled in the art that claimed subject
matter may be practiced without these specific details. In other instances,
methods and apparatuses that would be known by one of ordinary skill have not

been described in detail so as not to obscure claimed subject matter.

[0058] Some portions of the preceding detailed description have been
presented in terms of algorithms or symbolic representations of operations on

binary digital electronic signals stored within a memory of a specific apparatus
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or special purpose computing device or platform. In the context of this
particular specification, the term specific apparatus or the like includes a
general purpose computer once it is programmed to perform particular functions
pursuant to instructions from program software. Algorithmic descriptions or
symbolic representations are examples of techniques used by those of ordinary
skill in the signal processing or related arts to convey the substance of their
work to others skilled in the art. An algorithm is here, and generally, is
considered to be a self-consistent sequence of operations or similar signal
processing leading to a desired result. In this context, operations or processing
involve physical manipulation of physical quantities. Typically, although not
necessarily, such quantities may take the form of electrical or magnetic signals
capable of being stored, transferred, combined, compared or otherwise
manipulated as electronic signals representing information. It has proven
convenient at times, principally for reasons of common usage, to refer to such
signals as bits, data, values, elements, symbols, characters, terms, numbers,
numerals, information, or the like. It should be understood, however, that all of
these or similar terms are to be associated with appropriate physical quantities
and are merely convenient labels. Unless specifically stated otherwise, as
apparent from the following discussion, it is appreciated that throughout this

specification discussions utilizing terms such as "processing," "computing,"

"calculating," "determining”, “establishing”, “obtaining”, “identifying” and/or the
like refer to actions or processes of a specific apparatus, such as a special
purpose computer or a similar special purpose electronic computing device. In
the context of this specification, therefore, a special purpose computer or a
similar special purpose electronic computing device is capable of manipulating
or transforming signals, typically represented as physical electronic or magnetic
guantities within memories, registers, or other information storage devices,
transmission devices, or display devices of the special purpose computer or
similar special purpose electronic computing device. In the context of this
particular patent application, the term “specific apparatus” may include a
general purpose computer once it is programmed to perform particular functions

pursuant to instructions from program software.
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[0059] The terms, “and”, “or”, and “and/or” as used herein may include a
variety of meanings that also are expected to depend at least in part upon the
context in which such terms are used. Typically, “or” if used to associate a list,
such as A, B or C, is intended to mean A, B, and C, here used in the inclusive
sense, as well as A, B or C, here used in the exclusive sense. |n addition, the
term “one or more” as used herein may be used to describe any feature,
structure, or characteristic in the singular or may be used to describe a plurality
or some other combination of features, structures or characteristics. Though, it
should be noted that this is merely an illustrative example and claimed subject

matter is not limited to this example.

[0060] While there has been illustrated and described what are presently
considered to be example features, it will be understood by those skilled in the
art that various other modifications may be made, and equivalents may be
substituted, without departing from claimed subject matter. Additionally, many
modifications may be made to adapt a particular situation to the teachings of
claimed subject matter without departing from the central concept described

herein.

[0061] Therefore, itis intended that claimed subject matter not be limited to
the particular examples disclosed, but that such claimed subject matter may
also include all aspects falling within the scope of appended claims, and

equivalents thereof.

[0062] The methodologies described herein may be implemented by various
means. For example, these methodologies may be implemented in hardware,
firmware, software, or any combination thereof. For an implementation
involving hardware, the processing units may be implemented within one or
more application specific integrated circuits (ASICs), digital signal processors
(DSPs), digital signal processing devices (DSPDs), programmable logic devices
(PLDs), field programmable gate arrays (FPGAs), processors, controllers,
micro-controllers, microprocessors, electronic devices, other electronic units

designed to perform the functions described herein, or a combination thereof.
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[0063] For an implementation involving firmware and/or software, the
methodologies may be implemented with modules (e.g., procedures, functions,
and so on) that perform the functions described herein. Any machine-readable
medium tangibly embodying instructions may be used in implementing the
methodologies described herein. For example, software codes may be stored
in a memory and executed by a processor unit. Memory may be implemented
within the processor unit or external to the processor unit. As used herein the
term “memory” refers to any type of long term, short term, volatile, nonvolatile,
or other memory and is not to be limited to any particular type of memory or

number of memories, or type of media upon which memory is stored.

[0064] If implemented in firmware and/or software, the functions may be
stored as one or more instructions or code on a computer-readable storage
medium. Examples include computer-readable media encoded with a data
structure and computer-readable media encoded with a computer program.
Computer-readable media includes physical computer storage media. A
storage medium may be any available medium that can be accessed by a
computer. By way of example, and not limitation, such computer-readable
media can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk
storage, magnetic disk storage, semiconductor storage, or other storage
devices, or any other medium that can be used to store desired program code
in the form of instructions or data structures and that can be accessed by a
computer; disk and disc, as used herein, includes compact disc (CD), laser disc,
optical disc, digital versatile disc (DVD), floppy disk and blu-ray disc where disks
usually reproduce data magnetically, while discs reproduce data optically with
lasers. Combinations of the above should also be included within the scope of

computer-readable media.

[0065] In addition to storage on computer-readable storage medium,
instructions and/or data may be provided as signals on transmission media
included in a communication apparatus. For example, a communication
apparatus may include a transceiver having signals indicative of instructions

and data. The instructions and data are configured to cause one or more
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processors to implement the functions outlined in the claims. That is, the
communication apparatus includes transmission media with signals indicative of
information to perform disclosed functions. At a first time, the transmission
media included in the communication apparatus may include a first portion of
the information to perform the disclosed functions, while at a second time the
transmission media included in the communication apparatus may include a

second portion of the information to perform the disclosed functions.
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CLAIMS

What is claimed is:

1. A method of providing measurements from a mobile device to a location
server, comprising:
determining an estimated location of the mobile device;
receiving a first reference signal from a first base station;
receiving a second reference signal from a second base station;
determining a difference between times of arrival of the first
reference signal and the second reference signal; and
transmitting, from the mobile device, one or more messages
comprising the estimated location of the mobile device and the

determined difference between times of arrival to the location server.

2. The method of claim 1, wherein said method is initiated in response to
receipt of a message from the location server requesting the estimated location

of the mobile device and for the determined difference between times of arrival.

3. The method of claim 1, wherein said method is initiated in response to

receipt of a user input selection at the mobile device.

4. The method of claim 1, wherein determining said estimated location
further comprises:
requesting positioning assistance data from the location server,;
receiving positioning assistance data from the location server; and
applying said received positioning assistance data to one or more

measurements to compute said estimated location.

5. The method of claim 1, further comprising:
receiving from said location server a request for measurements for the

mobile device from said location server; and

30
051.P476PCT



WO 2014/165458 PCT/US2014/032427

QUALCOMM Ref. No. 132439WO

receiving positioning assistance data descriptive of aspects of at least

two base stations from the location server.

6. The method of claim 5, wherein said positioning assistance data
comprises estimated locations of the at least two base stations, and wherein
determining the estimated location of the mobile device comprises application of
said estimated locations of the at least two base stations to computation of said

estimated location of the mobile device.

7. The method of claim 1, wherein the first reference signal comprises one
of a first positioning reference signal or a first carrier reference signal, and
wherein the second reference signal comprises a second positioning reference

signal or a second carrier reference signal.

8. A mobile device comprising:
a transceiver to transmit messages to and receive messages from a
communication network; and
one or more processors to:
determine an estimated location of the mobile device;
measure a time of arrival of a first reference signal acquired at
said transceiver from a first base station;
measure a time of arrival of a second reference signal acquired at
said transceiver from a second base station;
determine a difference between times of arrival of the first
reference signal and the second reference signal based, at least in part,
on the measured time of arrival of the first reference signal and
measured time of arrival of the second reference signal; and
initiate transmission of one or more messages through said
transceiver comprising the estimated location of the mobile device and

the determined difference between times of arrival to a location server.
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9. The mobile device of claim 8, wherein the one or more processors are
further to:

obtain from said location server a request for measurements for the
mobile device from the location server; and

obtain positioning assistance data descriptive of aspects of at least two

base stations from the location server.

10.  The mobile device of claim 9, wherein said positioning assistance data
comprises estimated locations of the at least two base stations, and wherein
determining the estimated location of the mobile device comprises application of
said estimated locations of the at least two base stations to computation of said

estimated location of the mobile device.

11.  The mobile device of claim 8, wherein the first reference signal
comprises one of a first positioning reference signal or a first carrier reference
signal, and wherein the second reference signal comprises a second positioning

reference signal or a second carrier reference signal.

12.  An article comprising:
a non-transitory storage medium comprising machine-readable
instructions stored thereon which are executable on a mobile device to:
determine an estimated location of the mobile device;
determine a time of arrival of a first reference signal acquired at
said mobile device from a first base station;
determine a time of arrival of a second reference signal acquired
at said mobile device from a second base station;
determine a difference between times of arrival of the first
reference signal and the second reference signal based, at least in part,
on the determined time of arrival of the first reference signal and
determined time of arrival of the second reference signal; and
initiate transmission of one or more messages through a

communication network to a location server comprising the estimated
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location of the mobile device and the determined difference between

times of arrival.

13.  The article of claim 12, wherein said instructions are further executable
to:

obtain from said location server a request for measurements for the
mobile device from the location server; and

obtain positioning assistance data descriptive of aspects of at least two

base stations from the location server.

14.  The article of claim 12, wherein said positioning assistance data
comprises estimated locations of the first and second base stations, and
wherein determining the estimated location of the mobile device comprises
application of said estimated locations of the first and second base stations to

computation of said estimated location of the mobile device.

15.  The article of claim 12, wherein the first reference signal comprises one
of a first positioning reference signal or a first carrier reference signal, and
wherein the second reference signal comprises a second positioning reference

signal or a second carrier reference signal.

16.  An apparatus at a mobile device, comprising:

means for determining an estimated location of the mobile device;

means for receiving a first reference signal from a first base
station;

means for receiving a second reference signal from a second
base station;

means for determining a difference between times of arrival of the
first reference signal and the second reference signal; and

means for transmitting, from the mobile device, one or more
messages comprising the estimated location of the mobile device and

the determined difference between times of arrival to a location server.
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17.  The apparatus of claim 16, wherein said apparatus is initiated in
response to receipt of a message from the location server requesting the
estimated location of the mobile device and for the determined difference

between times of arrival.

18.  The apparatus of claim 16, wherein said apparatus is initiated in

response to receipt of a user input selection at the mobile device.

19.  The apparatus of claim 16, wherein said means for determining said
estimated location further comprises:

means for requesting positioning assistance data from the location
server,

means for receiving positioning assistance data from the location server;
and

means for applying said received positioning assistance data to one or

more measurements to compute said estimated location.

20. The apparatus of claim 16, further comprising:

means for receiving from said location server a request for
measurements for the mobile device from the location server; and

means for receiving positioning assistance data descriptive of aspects of

at least two base stations from the location server.

21.  The apparatus of claim 20, wherein said positioning assistance data
comprises estimated locations of the first and second base stations, and
wherein determining the estimated location of the mobile device comprises
application of said estimated locations of the first and second base stations to

computation of said estimated location of the mobile device.

22.  The apparatus of claim 16, wherein the first reference signal comprises

one of a first positioning reference signal or a first carrier reference signal, and
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wherein the second reference signal comprises a second positioning reference

signal or a second carrier reference signal.
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