US 20160007308A1
a9 United States

a2y Patent Application Publication o) Pub. No.: US 2016/0007308 A1

Do et al. 43) Pub. Date: Jan. 7, 2016
(54) DETERMINING CLOCK MODELS Publication Classification
(71) Applicant: QUALCOMM Incorporated, San (51) Imnt.ClL
Diego, CA (US) HO4W 56/00 (2006.01)
GO1S 5/02 (2006.01)
(72) Inventors: Ju-Yong Do, Cupertino, CA (US); HO4W 4/02 (2006.01)
Gengsheng Zhang, Cupertino, CA (US); (52) US.CL
Dominic Gerard Farmer, Los Gatos, CPC ...ccccee. HO04W 56/001 (2013.01); HO4W 4/02
CA (US) (2013.01); GO1S 5/0226 (2013.01)
(57) ABSTRACT

(21) Appl. No.: 14/850,862 Examples disclosed herein relate to methods and apparatuses

for observing signals transmitted by one or more transmitters

in an asynchronous communication network and applying a

time reference to generate a clock model. In one embodiment,

parameters representing the clock model may then be for-

(62) Division of application No. 13/418,068, filed on Mar. warded to other mobile devices to assist in positioning opera-
12, 2012, now Pat. No. 9,167,542. tions.

(22) Filed: Sep. 10, 2015

Related U.S. Application Data

100

\,\ 102 104
106

= =
= 2
Z £

118

108




Patent Application Publication Jan. 7,2016 Sheet1 of 7 US 2016/0007308 A1

108
W

FIG. 1

102 104
106
=
0
Z
118
W

100




Patent Application Publication Jan. 7,2016 Sheet?2 of 7 US 2016/0007308 A1

120

W

/122

Receiving from each of one or more mobile devices fine time
measurements determined based, at least in part, on a first time
reference in one or more first signals received at the mobile device
from an asynchronous network and a second time reference;

/124

Computing a clock model descriptive of timing of at least one
signal transmitted from a transmitter in the asynchronous network
based, at least in part, on the fine time assistance parameters; and

\ f126

Transmitting parameters representative of the computed
clock model to other mobile devices.

FIG. 2
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/136

Observing signals transmitted by one or more
transmitters in an asynchronous communication network

/137

Updating a clock model of at least one time reference in
at least one of said observed signals

f138

Applying said updated clock model to an acquired
signal transmitted from at least one of said transmitters
to obtain a position fix at said mobile device based, at

least in part, on said updated clock model

FIG. 4
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DETERMINING CLOCK MODELS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of, and claims the
benefit of priority from, U.S. patent application Ser. No.
13/418,068, entitled “Determining Clock Models,” filed Mar.
12,2012, which such application is incorporated by reference
herein.

BACKGROUND

[0002] 1.Field

[0003] The subject matter disclosed herein relates to deter-
mining and applying fine time parameter(s) of a clock model.

[0004] 2. Information

[0005] Wireless position determination systems may be
used to determine the location of a device. The device may be
a mobile or portable device that operates on battery power. A
mobile handset may obtain a position fix by processing sig-
nals received from terrestrial transmitters fixed at known
locations using any one of several techniques such as, for
example, advanced forward trilateration (“AFLT”) and/or
observed time difference of arrival (“OTDOA”). In these
particular techniques, a range from a mobile device receiver
may be measured to three or more of such terrestrial trans-
mitters fixed at known locations based, at least in part, on pilot
signals transmitted by the transmitters fixed at known loca-
tions and acquired at the mobile device receiver. A mobile
device may compare an observed phase of a pilot signal
received from a known transmitter with a time reference to
measure a range to the transmitter using known techniques.
Unfortunately, a pilot signal transmitted from a base station is
typically not precisely synchronized with such a time refer-
ence. This may happen, for example, if the pilot signal is
transmitted from an “asynchronous” wireless communica-
tion network. This may lead to inaccurate measurements of
ranges to terrestrial base stations based upon observed phases
of such pilot signals.

SUMMARY

[0006] Inoneimplementation, amethod comprises: receiv-
ing from each of one or more mobile devices fine time mea-
surements determined based, at least in part, on a first time
reference in one or more first signals received at the mobile
device from an asynchronous network and a second time
reference; computing a clock model descriptive of timing of
at least one signal transmitted from a transmitter in the asyn-
chronous network based, at least in part, on the fine time
measurements; and transmitting parameters representative of
the computed clock model to other mobile devices.

[0007] Inanother implementation, an apparatus comprises:
a receiver to receive messages from a communication net-
work; a transmitter to transmit messages to said communica-
tion network; and a processor to: compute a clock model
descriptive of timing of at least one signal transmitted in an
asynchronous network based, at least in part, on fine time
measurements received in messages from each of one or more
mobile devices, said fine time measurements being deter-
mined based, at least in part, on a first time reference in on or
more first signals received at the mobile device from the
asynchronous network and a second time reference; and ini-
tiating transmission of messages containing parameters rep-
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resentative of the computed clock model through the trans-
mitter to other mobile devices.

[0008] In another implementation, an article comprises: a
storage medium comprising machine-readable instructions
stored thereon which are executable by a special purpose
computing apparatus to: compute a clock model descriptive
oftiming of atleast one signal transmitted in an asynchronous
network based, at least in part, on fine time measurements
received in messages from each of one or more mobile
devices, said fine time measurements being determined
based, at least in part, on a first time reference in one or more
first signals received at the mobile device from the asynchro-
nous network and a second time reference; and initiating
transmission of messages containing parameters representa-
tive of the computed clock model to other mobile devices.
[0009] In another implementation, an article comprises: a
storage medium comprising machine-readable instructions
stored thereon which are executable by a special purpose
computing apparatus to: compute a clock model descriptive
oftiming of atleast one signal transmitted in an asynchronous
network based, at least in part, on fine time assistance mea-
surements received in messages from each of one or more
mobile devices, said fine time measurements being deter-
mined based, at least in part, on a first time reference in one or
more first signals received at the mobile device from the
asynchronous network and a second time reference; and ini-
tiating transmission of messages containing parameters rep-
resentative of the computed clock model to other mobile
devices.

[0010] Inanotherimplementation, an apparatus comprises:
means for receiving from each of one or more mobile devices
fine time measurements determined based, at least in part, on
a first time reference in one or more first signals received at
the mobile device from an asynchronous network and a sec-
ond time reference; means for computing a clock model
descriptive of timing of at least one signal transmitted from a
transmitter in the asynchronous network based, at least in
part, on the fine time measurements; and means for transmit-
ting parameters representative of the computed clock model
to other mobile devices.

[0011] Inanotherimplementation, amethod comprises,ata
mobile device: observing signals transmitted by one or more
transmitters in an asynchronous communication network;
updating a clock model based on at least one time reference in
at least one of the observed signals; and applying the updated
clock model to an acquired signal transmitted from at least
one of the transmitters to obtain a position fix at the mobile
device based, at least in part, on the updated clock model.
[0012] In another implementation, an article comprises: a
non-transitory storage medium comprising machine-read-
able instructions stored thereon which are executable by a
special purpose computing apparatus to: observe signals
transmitted by one or more transmitters in an asynchronous
communication network; update a clock model based on at
least one time reference in at least one of the observed signals;
and apply the updated clock model to an acquired signal
transmitted from at least one of the transmitters to obtain a
position fix at a mobile device based, at least in part, on the
updated clock model.

[0013] Inanother implementation, an apparatus comprises:
a receiver to acquire signals transmitted in an asynchronous
communication network; and a processor to: observe signals
acquired at said receiver and transmitted by one or more
transmitters in an asynchronous communication network;
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update a clock model based on at least one time reference in
at least one of the observed signals; and apply the updated
clock model to an acquired signal transmitted from at least
one of the transmitters to obtain a position fix at a mobile
device based, at least in part, on the updated clock model.

[0014] An apparatus comprising: means for observing sig-
nals transmitted by one or more transmitters in an asynchro-
nous communication network; means for updating a clock
model based on at least one time reference in at least one of
the observed signals; and means for applying the updated
clock model to an acquired signal transmitted from at least
one of the transmitters to obtain a position fix at the mobile
device based, at least in part, on the updated clock model.

BRIEF DESCRIPTION OF THE FIGURES

[0015] Non-limiting and non-exhaustive examples will be
described with reference to the following figures, wherein
like reference numerals refer to like parts throughout the
various figures.

[0016] FIG. 1 is a schematic diagram of a communication
network according to an implementation.

[0017] FIG. 2 is a flow diagram of a process to determine
parameters of acomputed clock model according to an imple-
mentation.

[0018] FIG. 3 is a plot illustrating a relationship between
asynchronous network time and GPS time according to an
implementation.

[0019] FIG. 4 is a flow diagram of a process to apply an
updated clock model in obtaining a position fix according to
an implementation.

[0020] FIG. 5 is a plot illustrating a relationship between
network frames and time according to an implementation.
[0021] FIG. 6 illustrates a growing uncertainty in an esti-
mated time according to an implementation.

[0022] FIG. 7 is a schematic diagram of a mobile device
according to an implementation.

[0023] FIG. 8 is a schematic diagram of a network comput-
ing environment according to an implementation.

DETAILED DESCRIPTION

[0024] The Global Positioning System (“GPS”) and other
like satellite positioning systems (SPSs) have enabled navi-
gation services for mobile handsets in outdoor environments.
Global navigation satellite systems (“GNSS”), such as the
GPS, Galilleo, GLONASS and the like, may enable a terres-
trial navigation receiver to process one or more SPS signals
transmitted from transmitters fixed to space vehicles (“SVs”)
to obtain pseudorange measurements from the navigation
receiver to the transmitters. With pseudorange measurements
to a sufficient number of transmitters and knowledge of loca-
tions of the transmitters, the navigation receiver may estimate
its location. An SPS signal may be encoded with a repeating
sequential code. In one implementation, a receiver may
attempt to determine a pseudorange measurement from an
acquired SPS signal based, at least in part, on a detected code
phase associated with the acquired SPS signal using well
known techniques.

[0025] While a location estimate of a mobile device or
“position fix” obtained from processing SPS signals is typi-
cally very accurate, use of SPS signals to obtain such a loca-
tion estimate is not always available. In urban environments
or canyons, for example, SPS signals may undergo multipath
and/or attenuation making it difficult to process these signals
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to obtain pseudorange measurements. Also, obtaining a posi-
tion fix by processing received SPS signals typically con-
sumes substantially more battery energy/battery life than
obtaining a position fix using OTDOA and/or AFLT. Also,
some mobile handsets have receivers with capabilities limited
to merely processing signals transmitted from terrestrial com-
munication networks (e.g., cellular communication net-
works).

[0026] Alternatively, a mobile handset may obtain a posi-
tion fix by processing pilot signals received from terrestrial
transmitters fixed at known locations using any one of several
techniques such as, for example, AFLT and/or OTDOA men-
tioned above. In these particular techniques, a range from a
mobile device receiver may be measured to three or more of
such terrestrial transmitters fixed at known locations based, at
least in part, on phase detections in acquired pilot signals. A
mobile device may compare an observed phase of a pilot
signal received from a known transmitter with a time refer-
ence to measure a range to the transmitter using known tech-
niques. However, a pilot signal transmitted from a base sta-
tion may not precisely synchronized with such a time
reference. This may happen, for example, if the pilot signal is
transmitted from an “asynchronous” wireless communica-
tion network. In this context, a transmitter in a “synchronous
network™ as indicated herein is directed to a device that trans-
mits a signal modulated by a time reference that is synchro-
nized with a known clock. For example, GPS, or other GNSS,
may transmit a signal that is modulated with a data signal
comprising a time reference that is synchronized with a GPS
clock. Also, certain cellular communication systems such as
CDMA, for example, are synchronized with a known clock.
In contrast, a receiver may acquire a signal transmitted from
an “asynchronous network™ having a timing reference that is
not synchronized to a clock that is known by the receiver.
Certain cellular communication systems including, for
example, GSM and WCDMA, may appear to a mobile
receiver as asynchronous. Here, detection of a timing refer-
ence in a signal from a transmitter in an asynchronous net-
work may be of limited use in attempting to measure a range
to the transmitter based on a measured signal travel time
without knowledge of a relationship between timing of the
signal in the asynchronous network.

[0027] In one particular implementation, mobile devices
operated by subscribers in an asynchronous communication
network may assist in development of a clock model for
modeling timing (e.g., a reference time) of signals transmitted
from particular transmitters (e.g., base station transmitters) in
the asynchronous network. Parameters representing a devel-
oped or updated clock model may then be transmitted to
subscriber devices in the asynchronous network and/or other
devices. By having an accurate clock model for modeling
timing of signals transmitted from particular transmitters in
an asynchronous network, a mobile device may be better
capable of obtaining accurate pseudorange measurements to
the particular transmitters by compensating for relative time
offsets of signals transmitted by the particular transmitters to
a reference time frame.

[0028] FIG. 1 is a schematic block diagram of a communi-
cations network 100 comprising first mobile devices 112 and
second mobile devices 116.

[0029] Communications network 100 may comprise a cel-
Iular communications network capable of enabling voice or
data communication for a number of mobile devices includ-
ing first mobile devices 112 and second mobile devices 116.



US 2016/0007308 Al

[0030] FIG. 1 illustrates a particular implementation in
which mobile devices (e.g., first mobile devices 112 and
second mobile devices 116) in an asynchronous network may
act as either gatherers of timing events and/or consumers of a
clock model derived from crowdsourced timing events. First
mobile devices 112 may acquire signals from a synchronous
network such as a satellite positioning system (e.g., GPS) and
signals from one or more base station transmitters of an
asynchronous network. First mobile devices 112 may then
compare an observed timing event in a signal acquired from a
transmitter in the synchronous network with a timing refer-
ence in a signal acquired from a transmitter in an asynchro-
nous network to derive fine time assistance parameters. Fine
time measurements obtained at one or more mobile devices
(first mobile device 112, second mobile device 116, etc.) in
the asynchronous network may then be transmitted to a server
for computing a “crowdsourced” clock model descriptive of a
time reference in signals transmitted by transmitters in the
asynchronous communication network.

[0031] Communication network 100 may include a first
server 102, a second server 106, a network 104, a wireless
network 108, SVs 110, and base stations 114. Communica-
tions network 100 may include numerous base stations 114
that enable mobile devices such as mobile devices 112 and
116 to access wireless network 108. Base stations 114 may be
grouped or categorized based on geographic data, historical
data, predictive patterns, traffic flow, or any combination
thereof. The particular configuration of base stations depicted
in FIG. 1 is merely an example configuration and claimed
subject matter is not limited in this respect.

[0032] SVs110may be associated with one or more GNSS’
such as, GPS, GLONASS, and Galileo, although the scope of
claimed subject matter is not limited in this respect. First
mobile devices 112 and/or second mobile devices 116 may
acquire signals transmitted from satellites 110 to, among
other things obtain a position fix.

[0033] In another aspect, position determination calcula-
tions may be performed by a network entity such as, for
example, a first server 102 and/or second server 106, rather
than at a first mobile device 112 and/or second mobile device
116. Such a calculation may be based, at least in part, on
signals acquired by first mobile device 112 and/or second
mobile device 116 from one or more of base stations 114. In
a further aspect, first server 102 and/or second server 106 may
transmit the calculated position to first mobile device 112
and/or second mobile device 116.

[0034] First server 102 may be connected to (communicate
with) second server 106 via network 104 and connected
(communicate with) first mobile device 112 and/or second
mobile device 116 via wireless network 108. In particular
implementations, network 104 and wireless network 108 may
facilitate communication with Internet Protocol packets.
However, other communication formats may be used. First
server 102 may utilize a first communication link 118 to
transmit assistance messages to first mobile devices 112 via
wireless network 108. Second server 106 may utilize a second
communication link 120 to transmit assistance messages to
second mobile devices 116 via wireless network 108. A first
mobile device 112 may utilize a third communication link
112 to transmit messages containing fine time measurements
to first server 102 and/or second server 106 via wireless
network 108.

[0035] Inone embodiment, fine time measurement(s) may
be determined based on, for example, observed event signals
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received from an asynchronous network (such as observed
signal frame boundaries) and time stamps in signals received
from a synchronous network (e.g., synchronous cellular com-
munication network or SPS) from one or more mobile devices
112. In a particular implementation, fine time measurements
may comprise an indication of an observed offset or time
difference between a first time reference in a signal transmit-
ted in a base station of an asynchronous network and a second
time reference reliably synchronized with a known clock
(e.g., time reference in an SPS signal).

[0036] In a particular implementation, server 102 or 104
may combine or crowdsource fine time measurements
obtained at and received from multiple mobile devices 112 in
determining a clock model for a particular base station trans-
mitter in an asynchronous network. Here, observations of
signals transmitted from a base station in an asynchronous
network from multiple mobile devices 112 may enable com-
putation of clock model with greater accuracy than a clock
model computed based observations from a single mobile
device 112. Additionally, as discussed herein, accuracy of
fine time measurements determined from observations at a
mobile device 112 may be affected by accuracy of an esti-
mated location of the mobile device 112 and accuracy of an
estimated time. Accordingly, fine time measurements
received from multiple mobile devices 112 may be appropri-
ately weighted according to how accurately location and time
are known while signals from an asynchronous network are
being observed.

[0037] Inoneimplementation, to account for signal propa-
gation time in obtaining or referencing fine time measure-
ments, an accurate comparison of an observed timing refer-
ence in a signal acquired from a synchronous network with a
timing reference observed in a signal acquired from an asyn-
chronous network may consider a location of an observing
mobile device. As such, accuracy of fine time measurements
obtained at a mobile device may depend, at least in part, on an
uncertainty of a location of the mobile device and an uncer-
tainty in time (e.g., as synchronized with a GPS clock).
Accordingly, fine time measurements obtained from mobile
devices 112 with a high time or position uncertainty may be
given a low weight, or ignored altogether in computing a
clock model.

[0038] In a particular implementation, a clock model
derived from crowdsourced fine time measurements may be
capable of predicting behavior of the timing of asynchronous
network signals in the future. This may allow for less frequent
requests for positioning assistance data (e.g., foruse of AFLT
in an asynchronous network). A mobile device may be able to
enhance and update a provided clock model based on its own
observation of network signals or events, and may extend
usage further to reduce requests for positioning assistance
data.

[0039] As pointed out above, acquisition of signals trans-
mitted by a transmitter in an asynchronous network at a
mobile device may be of little utility in measuring a range to
the transmitter based on a measured transmission time. FIG.
2 is directed to a process 120 of determining a clock model
descriptive of timing of one or more signals transmitted by an
asynchronous network. This computed clock model may then
be distributed among mobile devices for use in positioning
operations such as, for example, measuring a range to a trans-
mitter in an asynchronous network.

[0040] Atblock 122, a server (such as first server 102) may
receive from individual mobile devices (such as mobile
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devices 112) messages containing fine time measurements to
enable one or more servers (e.g., servers 102, 106) to compute
assistance parameters to be forwarded to a mobile device
(e.g., mobile devices 116). As described below in specific
implementations, a mobile device (e.g., a mobile device 112)
may obtain fine time measurements from observing signals
transmitted from both synchronous networks (e.g., GPS or
CDMA) and signals transmitted from asynchronous net-
works (e.g., GSM, WCDMA or LTE). Here, a mobile device
may determine a fine time measurement based, at least in part,
on a first time reference in one or more signals received from
a transmitter in an asynchronous network and a second time
reference. In one implementation, the second time reference
may be reliably synchronized with a known clock such as, for
example, a GPS clock (or clock for another like SPS) or a
clock for a synchronous cellular communication network,
just to name a couple of examples. In a particular implemen-
tation, a particular network may appear to a mobile device as
being synchronous or asynchronous depending on whether
the mobile device has knowledge of a clock that is advancing
timing of the particular network. In one embodiment, a
mobile device may be pre-programmed to distinguish
between an asynchronous network and a synchronous net-
work based on a particular receiver or transceiver used for
observing a signal in question (e.g., synchronous if the
observed signal is being processed/acquired at a GPS or
CDMA interface and asynchronous if the observed signal is
being processed/acquired on a GSM or WCDMA interface).
Also, in particular implementations, the mobile device may
internally maintain the second time reference using an inter-
nal clock that is updated from time to time from acquisition of
signals with a time reference (e.g., transmitted by a synchro-
nous network).

[0041] Particular examples described below identify GPS
or an SPS has comprising a synchronous network. It should
be understood, however, that these are merely examples of a
synchronous network and claimed subject matter is not lim-
ited in this respect. In one particular implementation, a
mobile device may determine fine time measurements includ-
ing frame boundaries detected in a signal acquired from an
asynchronous network and time references detected in an
acquired GPS signal. A base station transmitter in an asyn-
chronous network may continuously generate message
frames and transmit signals based on an internal clock. In the
absence of GPS time stamps on these frames, their temporal
relationship to the GPS time may be ambiguous and arbitrary.
Furthermore, there may exist an inherent ambiguity from
frame to frame since a frame number may reset to zero after
reaching a maximum value. This may be referred to as “frame
rollover” event happening every 3.48 hours in GSM and
40.96 seconds in WCDMA, for example.

[0042] According to an embodiment, and as discussed
below, a continuous time model may be constructed from
observed network frames despite frame ambiguity and frame
rollover. FIG. 3 illustrates a particular example of using a time
reference observed in a GPS signal to construct a continuous
time model for an asynchronous network. However, this is
merely an example of a signal having an observable time
reference that is reliably synchronized to a known clock, and
claimed subject matter is not limited in this respect. As illus-
trated in a particular example shown in FIG. 3, a time refer-
ence point may be established within a GPS week which is the
head of a first frame of a first frame rollover period in the
asynchronous network in the GPS week. Here, point 130 may
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mark a reference network time point for a week i and begin-
ning of a fine time measurement observation while point 134
may mark a reference asynchronous network time for a week
i+1. A number of frame rollover events for a given measure-
ment (frame number, GPS time) may be obtained between
points 130 and 134. A corresponding number of frames may
be added to a reported frame number. An observed network
frame number may be converted to seconds by multiplying
the network frame number by seconds/frame (e.g., 4.615
ms/frame in GSM and 10.0 ms/frame in WCDMA). An arti-
ficial time offset may be removed by subtracting an initial
offset value at the beginning of the observed week to align
asynchronous network time and GPS time at the beginning of
the observed week. Line 131 may represent an advance of
time according to GPS time while line 133 may represent an
advance of time according to an asynchronous network. A
difference between asynchronous network time and GPS
time may be observed at 132. A previous time offset may be
added for continuity if there is an existing estimate of relative
time offset from a previous week. This difference between
network time and GPS time may then be included in fine time
measurements to be transmitted to a server as discussed
above.

[0043] In one particular non-limiting example implemen-
tation, a fine time measurement obtained at a mobile device
may comprise a frame number observed in a signal received
from a transmitter in an asynchronous network (fn) and a time
that the frame number was observed (e.g., GPS time). Also, an
estimated location, along with an uncertainty of the estimated
location of the mobile device, may also accompany the fine
time measurements. A message containing a fine time mea-
surement may include the observed frame number, estimated
location and uncertainty, and GPS time as a time stamp.
[0044] At block 124 of FIG. 2, a server may compute a
clock model descriptive of timing of signals transmitted from
one or more transmitters (e.g., base station transmitters) in an
asynchronous network based, at least in part, on fine time
measurements obtained in block 122 (e.g., difference
between asynchronous network time and GPS time in the
particular non-limiting example above). In a particular imple-
mentation, parameters to model timing of a base station trans-
mitter may be computed in expressions (1) and (2) as follows:

b(t)=b(t, ), "N di=b(t, )+, DM, ) ey
m{t)=b(t)+ey(t)=bt,_ )+ =1, DAL, 1)+es (1) @
[0045] where:
[0046] b(t) is a relative time offset between asynchronous

network time and a time reference reliably synchronized with
a known clock (e.g., GPS time reference) in sec;

[0047] Af(t) is a normalized frequency offset of a clock
controlling the advance of time in an asynchronous network
in ppb (part per billion);

[0048] m(t) is a relative time offset measurement between
asynchronous network time and the time reference reliably
synchronized with the known clock in sec; and

[0049] e,(t) is a measurement error on clock offset from the
mobile and assumed to be zero mean independently and nor-
mally distributed.

[0050] Values for m(t) may be determined from fine time
assistance measurements received from one or more mobile
devices. First, a frame number fn may be converted to con-
tinuous units of time (as described below). The difference
between this continuous time and a time that the frame num-
ber was observed (e.g., GPS time stamp provided in the
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message containing the fine time measurement) may then
provide avalue for m(t). A value of b(t) may then be computed
based on m(t) by, for example, removal of any known mea-
surement biases. A value for Af(t) represents a frequency
offset of a clock controlling the advance of time in signals
transmitted from the asynchronous network in question and
may be estimated based on an observed drift in m(t) and/or
b(t). By estimating a value for Af{(t), a value for b(t) may be
predicted as shown above.

[0051] In aparticular implementation, the advance of time
in an asynchronous network may be controlled by an internal
clock. For example, a time reference in a signal transmitted in
an asynchronous network may be controlled by an internally
maintained clock (e.g., internally maintained clock at a base
station). As such, a drift in frequency of the internally main-
tained clock may impart a drift in the time reference in the
signal transmitted in the asynchronous network. As may be
observed from expressions (1) and (2), following an updated
measurement of b(t) and Af(t) obtained, for example, from
fine time measurements received from mobile devices in
block 122, expressions for computing b(t) and Af(t) may be
updated or predicted based, at least in part, on m(t) which is
calculated from fine time measurements from mobile devices.

[0052] Ina particular implementation, mobile devices may
provide fine time measurements to a server for computation
of a clock model in messages that batch several fine time
measurements over a time period of a difference between
asynchronous network time and a time reference reliably
synchronized with a known clock over a time period. As such,
parameters of a clock model descriptive of timing of signals
transmitted from one or more transmitters (e.g., base station
transmitters) in an asynchronous network may be computed
in data processing blocks covering measurements obtained in
overlapping time periods. In one example implementation,
messages containing fine time measurements uploaded from
mobile devices may be collected on a regular interval (e.g.,
one hour). Measurements older than a certain time (e.g.,
block size) may be excluded from use in computing m(t), b(t)
and Af{(t).

[0053] Inparticular implementations, as discussed above, a
server may forward messages to mobile devices containing
assistance data including, for example, parameters represent-
ing a clock model of timing events at an asynchronous net-
work. Such parameters representing a clock model may
include, for example, a fine time assistance frame number
(fngz7,), a time reference (tz,) for the frame number (e.g.,
time stamp in GPS time), frequency offset estimate (Af(t)),
time uncertainty estimate (o,) and frequency uncertainty (o,).
A value for fn,.,, may be computed from b(t) and Af(t) by
converting b(t) back to a frame number with consideration of
a drift in time advance introduced by a frequency offset rep-
resented by Af(t) for the time reference (tzr,) accordingly.
Time reference (t-,,) may represent a time when fine time
assistance message is generated or time in the past or future.
Here, representing a clock model at least in part with b(t) and
Af{(t), we can predict fny, for any tz,,. For example, if we’re
trying to generate an assistance message at 12:00 PM Jan. 1,
2012, we cansettz,,=at 12:00 PM Jan. 1, 2012. Then, we can
calculate the a corresponding fin,.,.,. Time reference t.,, may
be set as any time in past, future, or current time. If time
referencet, is set as current time, a clock model provided in
an assistance message may be expected to be applied at cur-
rent and future times. Thus, a mobile device can use a clock
model provided in an assistance message immediately upon
receipt and for some time in future. Usefulness of a clock
model provided in an assistance message may be time-limited
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aftert,, and its predication error grows over time. Values for
o, and o, may be computed as explained below in a non-
limiting example.

[0054] In a particular implementation, values for comput-
ing y=[Af, b] over a time period containing two or more
measurements m (such as a data processing block as dis-
cussed above) values may be combined using a linear regres-
sion model according to expression (3) as follows:

m=Tv+e, 3)

[0055] where:

mit,-1) 17
ep =[epto) ept) ... eptn) 1’

y=[Af(ta-1) bltp-1) 175 and

m=[m(ty) m) ...

fo—1y 1

=iy 1

[P ST

[0056] A linear regression result may then be given in
expression (4) as follows:

5=T'm @

[0057] According to an embodiment, an expression of
uncertainty in an estimate of y as function of time b(t) and
frequency offset Af(t) may be computed using concepts of
dilution of precision (DOP), including a time DOP (TDOP)
and a frequency DOP (FDOP). Values for TDOP and FDOP
may be derived from T in expression (5) as follows:

FDOP=[(I7I)™)1 1
TDOP=[(T7T) '} 2 ®
[0058] Uncertainty of time and frequency estimates for a

given measurement uncertainty, o,,, may be shown in expres-
sion (6) as follows:

0~FDOPx0,,

5~TDOPxG,,, 6)

where GM may be computed based on a discrepancy between
measurements and an estimated linear model (Af(t,_,) and
b(t,_,)) as follows:

1 - ~
= \/ 3 ) = [0 + 6 - DA )

[0059] In another embodiment, linear regression results of
expression (3) in different time intervals (e.g., from different
data processing blocks) may be further combined with appli-
cation of a Kalman filter model. Here, a Kalman filter may
consider an intermediate estimate from a robust fit (RF) linear

regression model in expression (4), ¥ar (1)=[ Afar (1) brr ()]
7, and generate a combined estimate y; (t). Here, such Kal-
man filter model may be at least partially characterized as
follows:

Observation variables: y/R\F o= m: ) b/R;' 1%

State variables: gz ()=[ Eﬁ;‘ ® b’I—(\F 1%
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Observation model:

State transition model:

1 0
A= H
[Al‘ 1}

Observation noise variance:

5

a2
R [max(o' FRF> U'?,defauh) 0

~2
0 max(6 gr, U'rz,defauh)

[0060] and
State noise variance:

.- [olf,m,g 0 }
0

2
T4 state

[0061] At block 126, a server may transmit parameters
representative of the clock model computed in block 124 to
other mobile devices (e.g., mobile devices 116) for use in
positioning operations as discussed above.

[0062] FIG. 4 is a flow diagram of a process obtaining a
position fix at a mobile device by processing signals observed
from a transmitter in an asynchronous network using param-
eters representing a computed clock model (e.g., as computed
according to process 120 as described above). As pointed out
above, a base station transmitter in an asynchronous network
may continuously transmit message frames timed according
to aninternal clock (e.g. at a base station transmitter). Accord-
ing to an embodiment, a continuous time model may be
constructed from parameters of a computed clock model.
Since there may be no time stamps relative to a clock known
atamobile device receiver (e.g., GPS time stamps) on frames
transmitted in an asynchronous network, any relationship to
such a clock known at the mobile device may be ambiguous
and arbitrary. Furthermore, as pointed out above, there may
be an inherent ambiguity from an observed number frame of
a frame transmitted from the transmitter in the asynchronous
network since a frame number resets to zero after reaching a
maximum value in a frame rollover.

[0063] Atblock 136, amobile device (e.g., amobile device
116) may acquire a signal transmitted by a transmitter in an
asynchronous network (e.g., base station transmitter in a cel-
Iular communication network). As pointed out above, the
mobile device may detect a time reference in the acquired
signal such as, for example, a frame boundary. In a particular
implementation, a mobile device may internally maintain a
clock model to advance time and the occurrence of timing
events at the asynchronous network. At block 137, a mobile
device may update an internal clock model representing tim-
ing of the time reference in the acquired signal based, at least
in part, on received parameters representing the clock model

Jan. 7, 2016

(e.g., transmitted to the mobile device by a server at block
126). For example, the mobile device may attempt to update
the internal clock model relative to a reliable timing reference
controlled according to a known clock (e.g., GPS time). At
block 138, the updated clock model may be applied to a time
reference observed in a signal acquired from a transmitter in
an asynchronous network for measuring a range to the trans-
mitter as part of a positioning operation.

[0064] As pointed out above, an accurate comparison of an
observed timing reference in a signal acquired from the syn-
chronous network with a timing reference in a signal acquired
from an asynchronous network to obtain fine time measure-
ments at a mobile device may depend, at least in part, on a
location of the mobile device. As such, accuracy of fine time
measurements computed at a mobile device may be affected,
at least in part, on a time uncertainty and/or position uncer-
tainty of the mobile device.

[0065] In a particular example implementation, a mobile
device may obtain approximation or estimate of its location,
Um0 a0d timing reference, t with uncertainty of less than a
half of a frame rollover period (3.48 hours in GSM and 40.96
seconds in WCDMA). A distance between the mobile device
and the transmitter (e.g., base station transmitter) located at
S..;» may be determined from an approximated signal as
follows:

approx ™S, cetl

AEdelay:Hu
[0066] If a value of u,,,., is not available, a value for
At,,;,, may be setto a half of cell radius (e.g., of a base station
in an asynchronous network). A number of frame rollover
instances, N, ;,,...» from a fine time assistance reference time,

tz74> Mmay be computed as follows:

& Iapprox — (TFra — anFA X Tframe)

N jottover = S
[0067] where:
[0068] fn.,,=frame number provided in a fine time assis-

tance message at t,,4

[0069] t.,,=reference time of a fine time assistance mes-
sage;

[0070] T, ~time length of a frame; and

[0071] T, ,,,.,~time length of a frame rollover period.
[0072] As shown in FIG. 5 in a particular example, a fine

time assistance frame number fn,,, at time 140 following a
rollover event may be propagated over future rollover events.
A network frame number fn(t) observed in a signal from an
asynchronous network, at a time 142 after frame rollover,
may be converted to a continuous network time, Ty, p,0,(t)
relative to 4, as follows:

INeoword =IO~ r0% T pametN rotiover* Drotiover-

[0073] A corresponding GPS time, fGPS(t), based on the

FTA frequency offset at reference time, Af .., considering
time elapse from t.,, and time delay due to distance from the
base station transmitter, may be computed as follows:

EGPS(Z ) :lFTA+ENerwork(l x(1- Af FTA)+A2delay'

[0074] A corresponding uncertainty in t p (t), which may
grow as the FTA reference time after generation of a fine time
assistance message ages over time, may be computed as fol-
lows:
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~ A2 A2 ~ 2. A2
& (1) = \/U';,mobug + 0 pra + (Uaps(D) — trra) XG0 pra =~

O tmobite + (Tcps(8) = Ip1a) X & 1 FTA

where:
[0075] &,(t)=estimated timing uncertainty in time, t, due
to propagation in future,
[0076] (}t,mobile:estimated timing uncertainty in time, t,
due to mobile’s positioning uncertainty (generally,
O‘t,mobiZg>>O‘t,FTA)5
[0077] O, gy ~given timing uncertainty from a FTA mes-
sage at reference time, tz,,
[0078] (Ajf, rrs—given frequency uncertainty from a FTA
message at reference time, t54,.
[0079] FIG. 6. Illustrates how an uncertainty 154 in an
estimate of GPS time grows over time from a time reference
156. Line 150 may illustrated an estimated advance of time
with respect to known GPS time while lines 152 illustrate how
an uncertainty in an estimated advance of time increases over
time.
[0080] FIG. 7 is a schematic diagram of a mobile device
200 (e.g., used as amobile device 112 or 116 discussed above
in FIG. 1). Mobile device 200 may comprise any type of
wireless communication device, such as a wireless telephone,
including cordless telephones, cellular telephones, Personal
Communication System (“PCS”) telephones, or another type
of wireless telephone. Mobile device 200 may also comprise
a two-way radio, such as a walkie-talkie, or other type of
communications transceiver. Mobile device 200 may also
include circuits to receive and/or transmit Bluetooth, 802.11,
or other types of wireless signals.
[0081] As illustrated, the mobile device architecture 200
may include, for example, a general purpose processor 202, a
digital signal processor 204, a wireless transceiver 206, a
radio receiver 208, a memory 210, and an SPS receiver 212. A
bus 222 or other alternative structure or structures may be
provided for establishing interconnections between various
components of the architecture 200. In the illustrated imple-
mentation, one or more interfaces 214, 216, 218, 220 may be
provided between selected components and bus 222. The
wireless transceiver 206, the radio receiver 208, and the SPS
receiver 212 may each be coupled to one or more antennas
224,226,228, and/or other transducers, to facilitate the trans-
mission and/or reception of wireless signals.
[0082] The general purpose processor 202 and the digital
signal processor 204 are digital processing devices that are
capable of executing programs to provide one or more func-
tions and/or services to a user. One or both of these processors
202, 204 may be used, for example, to execute an operating
system of a corresponding wireless device. One or both of
these processors 202, 204 may also be used, for example, to
execute user application programs including, for example,
location-based applications that may rely on the availability
of an accurate position estimate. In addition, one or both of
these processors 202, 204 may be used to implement, either
partially or fully, one or more of the positioning related pro-
cesses or techniques described herein in some implementa-
tions. It should be appreciated that other forms of digital
processing devices may additionally or alternatively be used
to perform some or all of the described functions in various
implementations including, for example, one or more con-
trollers, microcontrollers, application specific integrated cir-
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cuits (ASICs), field programmable gate arrays (FPGAs), pro-
grammable logic arrays (PLAs), programmable logic devices
(PLDs), reduced instruction set computers (RISCs), and/or
others, including combinations of the above.

[0083] Wireless transceiver 206 may include any type of
transceiver that is capable of supporting wireless communi-
cation with one or more remote wireless entities. In various
implementations, wireless transceiver 206 may be configured
in accordance with one or more wireless networking stan-
dards and/or wireless cellular standards. In some implemen-
tations, multiple wireless transceivers may be provided to
support operation with different networks or systems in a
surrounding environment. During mobile device operation,
wireless transceiver 206 may be called upon to communicate
with a base station or access point of a wireless communica-
tion system or network. Radio receiver 208 may be operative
for receiving signals from one or more sensors of a sensor
network or other transmitting nodes within a surrounding
environment.

[0084] Memory 210 may include any type of device or
component, or combination of devices and/or components,
that is capable of storing digital information (e.g., digital data,
computer executable instructions and/or programs, etc.) for
access by a processing device or other component. This may
include, for example, semiconductor memories, magnetic
data storage devices, disc based storage devices, optical stor-
age devices, read only memories (ROMs), random access
memories (RAMs), non-volatile memories, flash memories,
USB drives, compact disc read only memories (CD-ROMs),
DVDs, Blu-Ray disks, magneto-optical disks, erasable pro-
grammable ROMs (EPROMs), electrically erasable pro-
grammable ROMs (EEPROMs), magnetic or optical cards,
and/or other digital storage suitable for storing electronic
instructions and/or data.

[0085] SPS receiver 212 may include any type of receiver
capable of receiving SPS signals from positioning satellites
and processing the signals to provide one or more position
estimates for a mobile device. SPS receiver 212 may be
configured to operate with any existing or future SPS system
including, for example, the Global Positioning System
(GPS), the GLONASS system, the Compass system, the Gali-
leo system, the IRNSS system, the GNSS system and other
systems that use Satellite Based Augmentation Systems
(SBASs) and/or Ground Based Augmentations Systems
(GBAS:s), and/or other satellite navigation systems. In some
implementations, one or more of the processes or techniques
described herein may be implemented, either partially or
fully, within SPS receiver 212 or a similar structure. It should
be appreciated that the mobile device architecture 200 of FI1G.
1 represents one possible example of an architecture that may
be used in a implementation. Other architectures may alter-
natively be used. It should also be appreciated that all or part
of the various devices, processes, or methods described
herein may be implemented using any combination of hard-
ware, firmware, and/or software. FIG. 8 is a schematic dia-
gram illustrating an example computing and communications
environment 800 that may include one or more devices con-
figurable to implement techniques or processes described
above, for example, in connection with example techniques
for computing, updating or applying a clock model. System
800 may include, for example, a first device 802, a second
device 804, and a third device 806, which may be operatively
coupled together through a network 808.
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[0086] First device 802, second device 804 and third device
806, as shown in FIG. 8, may be representative of any device,
appliance or machine that may be configurable to exchange
data over wireless communications network 808. By way of
example but not limitation, any of first device 802, second
device 804, or third device 806 may include: one or more
computing devices or platforms, such as, e.g., a desktop com-
puter, a laptop computer, a workstation, a server device, or the
like; one or more personal computing or communication
devices or appliances, such as, e.g., a personal digital assis-
tant, mobile communication device, or the like; a computing
system or associated service provider capability, such as, e.g.,
a database or data storage service provider/system, a network
service provider/system, an Internet or intranet service pro-
vider/system, a portal or search engine service provider/sys-
tem, a wireless communication service provider/system; or
any combination thereof. Any of the first, second, and third
devices 802, 804, or 806, respectively, may comprise one or
more of an almanac server, an access point, or amobile station
in accordance with the examples described herein.

[0087] Similarly, network 808, as shown in FIG. 8, is rep-
resentative of one or more communication links, processes, or
resources configurable to support the exchange of data
between at least two of first device 802, second device 804,
and third device 806. By way of example but not limitation,
network 808 may include wireless or wired communication
links, telephone or telecommunications systems, data buses
or channels, optical fibers, terrestrial or space vehicle
resources, local area networks, wide area networks, intranets,
the Internet, routers or switches, and the like, or any combi-
nation thereof. As illustrated, for example, by the dashed
lined box illustrated as being partially obscured of third
device 806, there may be additional like devices operatively
coupled to network 808.

[0088] Itis recognized that all or part of the various devices
and networks shown in system 800, and the processes and
methods as further described herein, may be implemented
using or otherwise including hardware, firmware, software,
or any combination thereof.

[0089] Thus, by way of example but not limitation, second
device 804 may include at least one processing unit 820 that
is operatively coupled to a memory 812 through a bus 828.
[0090] Processing unit 820 is representative of one or more
circuits configurable to perform at least a portion of a data
computing procedure or process. By way of example but not
limitation, processing unit 820 may include one or more
processors, controllers, microprocessors, microcontrollers,
application specific integrated circuits, digital signal proces-
sors, programmable logic devices, field programmable gate
arrays, and the like, or any combination thereof.

[0091] Memory 822 is representative of any data storage
mechanism. Memory 822 may include, for example, a pri-
mary memory 824 or a secondary memory 826. Primary
memory 824 may include, for example, a random access
memory, read only memory, etc. While illustrated in this
example as being separate from processing unit 820, it should
be understood that all or part of primary memory 824 may be
provided within or otherwise co-located/coupled with pro-
cessing unit 820.

[0092] Secondary memory 826 may include, for example,
the same or similar type of memory as primary memory or
one or more data storage devices or systems, such as, for
example, a disk drive, an optical disc drive, a tape drive, a
solid state memory drive, etc. In certain implementations,
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secondary memory 826 may be operatively receptive of, or
otherwise configurable to couple to, a computer-readable
medium 840. Computer-readable medium 840 may include,
for example, any medium that can carry or make accessible
data, code or instructions for one or more of the devices in
system 800. Computer readable medium 840 may also be
referred to as a storage medium.

[0093] Second device 804 may include, for example, a
communication interface 830 that provides for or otherwise
supports the operative coupling of second device 804 to at
least network 808. By way of example but not limitation,
communication interface 830 may include a network inter-
face device or card, a modem, a router, a switch, a transceiver,
and the like.

[0094] Second device 804 may include, for example, an
input/output 832. Input/output 832 is representative of one or
more devices or features that may be configurable to accept or
otherwise introduce human or machine inputs, or one or more
devices or features that may be configurable to deliver or
otherwise provide for human or machine outputs. By way of
example but not limitation, input/output device 832 may
include an operatively configured display, speaker, keyboard,
mouse, trackball, touch screen, data port, etc.

[0095] Another position location system that may be used
by wireless devices is Enhanced Observed Time Difference
(“E-OTD”). E-OTD is a position location system that is opti-
mized for use in Global System for Mobile communications
(“GSM”) and General Packet Radio Service (“GPRS”) wire-
less communication systems. In this system, the mobile
device monitors transmission bursts from multiple base sta-
tions and measures the time shifts between the arrival of
frames in order to determine its position. A mobile device
may receive signals from three or more base stations to esti-
mate its position. However, the E-OTD system requires the
use of Location Measurement Units (“LLMUs”) strategically
placed throughout the network in order to provide the system
with the precise timing enabling accurate position estimation.
[0096] Another position location system that may be used
by wireless phones is Observed Time Difference of Arrival
(“OTDOA”). OTDOA is a position location system that is
optimized for use in Wideband Code Division Multiple
Access (“WCDMA”) systems. The OTDOA position loca-
tion system operates similar to the E-OTD system. A position
of' a mobile device may be estimated by measuring a time
difference of arrival of communication signals from multiple
base stations.

[0097] As used herein, the term “mobile device” refers to a
device that may from time to time have a position that
changes. Such changes in position may comprise changes to
direction, distance, and/or orientation. In particular
examples, amobile device may comprise a cellular telephone,
wireless communication device, user equipment, laptop com-
puter, other personal communication system (“PCS”) device,
personal digital assistant (“FDA”), personal audio device
(“PAD”), portable navigational device, or other portable
communication devices. A mobile device may also comprise
a processor or computing platform adapted to perform func-
tions controlled by machine-readable instructions.

[0098] The term “acquire” as used herein as it relates to
wireless signals received at a mobile device refers to a mobile
device obtaining sufficient signal attributes or symbols from a
wireless signal to enable processing of the received wireless
signal to obtain at least some information therein. Example
types of information that may be obtained by a mobile device
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in acquiring a wireless signal may include, but are not limited
to, carrier frequency, radio-frequency (RF) phase, code, code-
phase, timing, messages, transmitter identifier, or Doppler
shift, to list but a few examples. Further, it should be noted
that the scope of claimed subject matter is not limited to any
particular technique for acquiring a wireless signal.

[0099] The methodologies described herein may be imple-
mented by various means depending upon applications
according to particular examples. For example, such method-
ologies may be implemented in hardware, firmware, soft-
ware, or combinations thereof. In a hardware implementa-
tion, 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”), pro-
cessors, controllers, micro-controllers, microprocessors,
electronic devices, other devices units designed to perform
the functions described herein, or combinations thereof.

[0100] Some portions of the detailed description included
herein are presented in terms of algorithms or symbolic rep-
resentations of operations on binary digital signals stored
within a memory of a specific apparatus 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 operations pursuant to instructions from program
software. Algorithmic descriptions or symbolic representa-
tions 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 algo-
rithm is here, and generally, is considered to be a self-consis-
tent sequence of operations or similar signal processing lead-
ing to a desired result. In this context, operations or
processing involve physical manipulation of physical quan-
tities. 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. 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, or the like. It should be understood, however, that
all of these or similar terms are to be associated with appro-
priate physical quantities and are merely convenient labels.
Unless specifically stated otherwise, as apparent from the
discussion herein, it is appreciated that throughout this speci-
fication discussions utilizing terms such as “processing,”
“computing,” “calculating,” “determining” 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, there-
fore, a special purpose computer or a similar special purpose
electronic computing device is capable of manipulating or
transforming signals, typically represented as physical elec-
tronic or magnetic quantities 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.

[0101] Wireless communication techniques described
herein may be in connection with various wireless commu-
nications networks such as a wireless wide area network
(“WWAN”), a wireless local area network (“WLAN”™), a
wireless personal area network (WPAN), and so on. The term
“network” and “system” may be used interchangeably herein.
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A WWAN may be a Code Division Multiple Access
(“CDMA”) network, a Time Division Multiple Access
(“TDMA”) network, a Frequency Division Multiple Access
(“FDMA”) network, an Orthogonal Frequency Division Mul-
tiple Access (“OFDMA”) network, a Single-Carrier Fre-
quency Division Multiple Access (“SC-FDMA”) network, or
any combination of the above networks, and so on. A CDMA
network may implement one or more radio access technolo-
gies (“RATs”) such as cdma2000, Wideband-CDMA (“W-
CDMA”), to name just a few radio technologies. Here,
c¢dma2000 may include technologies implemented according
to 1S-95, 1S-2000, and IS-856 standards. A TDMA network
may implement Global System for Mobile Communications
(“GSM”), Digital Advanced Mobile Phone System (“D-
AMPS”), or some other RAT. GSM and W-CDMA are
described in documents from a consortium named “3rd Gen-
eration Partnership Project” (“3GPP”). Cdma2000 is
described in documents from a consortium named “3rd Gen-
eration Partnership Project 2” (“3GPP2”). 3GPP and 3GPP2
documents are publicly available. 4G Long Term Evolution
(“LTE”) communications networks may also be implemented
in accordance with claimed subject matter, in an aspect. A
WLAN may comprise an I[EEE 802.11x network, and a
WPAN may comprise a Bluetooth network, an IEEE 802.15x,
for example. Wireless communication implementations
described herein may also be used in connection with any
combination of WWAN, WLAN or WPAN.

[0102] Inanother aspect, as previously mentioned, a wire-
less transmitter or access point may comprise a femtocell,
utilized to extend cellular telephone service into a business or
home. In such an implementation, one or more mobile
devices may communicate with a femtocell via a code divi-
sion multiple access (“CDMA”) cellular communication pro-
tocol, for example, and the femtocell may provide the mobile
device access to a larger cellular telecommunication network
by way of another broadband network such as the Internet.

[0103] Techniques described herein may be used with an
SPS that includes any one of several GNSS and/or combina-
tions of GNSS. Furthermore, such techniques may be used
with positioning systems that utilize terrestrial transmitters
acting as “pseudolites”, or a combination of SVs and such
terrestrial transmitters. Terrestrial transmitters may, for
example, include ground-based transmitters that broadcast a
PN code or other ranging code (e.g., similar to a GPS or
CDMA cellular signal). Such a transmitter may be assigned a
unique PN code so as to permit identification by a remote
receiver. Terrestrial transmitters may be useful, for example,
to augment an SPS in situations where SPS signals from an
orbiting SV might be unavailable, such as in tunnels, mines,
buildings, urban canyons or other enclosed areas. Another
implementation of pseudolites is known as radio-beacons.
The term “SV”, as used herein, is intended to include terres-
trial transmitters acting as pseudolites, equivalents of pseudo-
lites, and possibly others. The terms “SPS signals™ and/or
“SV signals”, as used herein, is intended to include SPS-like
signals from terrestrial transmitters, including terrestrial
transmitters acting as pseudolites or equivalents of pseudo-
lites.

[0104] The terms, “and,” and “or” as used herein may
include a variety of meanings that will depend at least in part
upon the context in which it is used. Typically, “or” ifused 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. Reference throughout this
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specification to “one example” or “an example” means that a
particular feature, structure, or characteristic described in
connection with the example is included in at least one
example of claimed subject matter. Thus, the appearances of
the phrase “in one example” or “an example” in various
places throughout this specification are not necessarily all
referring to the same example. Furthermore, the particular
features, structures, or characteristics may be combined in
one or more examples. Examples described herein may
include machines, devices, engines, or apparatuses that oper-
ate using digital signals. Such signals may comprise elec-
tronic signals, optical signals, electromagnetic signals, or any
form of energy that provides information between locations.
[0105] 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 modi-
fications may be made, and equivalents may be substituted,
without departing from claimed subject matter. Additionally,
many modifications may be made to adapt a particular situa-
tion to the teachings of claimed subject matter without depart-
ing from the central concept described herein. Therefore, it is
intended that claimed subject matter not be limited to the
particular examples disclosed, but that such claimed subject
matter may also include all aspects falling within the scope of
the appended claims, and equivalents thereof.

1. A method for modeling timing of signals, comprising:

receiving from each mobile device of one or more mobile

devices fine time measurements determined based, at
least in part, on a first time reference in one or more first
signals received at the each mobile device from an asyn-
chronous network and a second time reference;
computing a clock model descriptive of timing of at least
one signal transmitted from a transmitter in the asyn-
chronous network based, at least in part, on the fine time
measurements,
wherein the computed clock model includes at least one
of a clock drift parameter, a clock time uncertainty
parameter or a clock frequency uncertainty param-
eter; and

transmitting parameters representative of the computed

clock model to one or more receiving mobile devices.

2. The method of claim 1, wherein the second time refer-
ence comprises a time reference obtained from acquisition of
a satellite positioning system (SPS) signal.

3. The method of claim 1, wherein the second time refer-
ence comprises a time reference based, at least in part, on an
internal clock of the mobile device.

4. The method of claim 1, wherein the fine time measure-
ments comprise at least a time-stamped frame number
observed in the one or more first signals, and wherein the
clock model further comprises a time offset applied to the
time-stamped frame number.

5. The method of claim 1, further comprising weighting the
fine time measurements based, at least in part, on at least one
of a position uncertainty or a time uncertainty.

6. The method of claim 1, wherein the computed clock
model is adapted to predict a timing of a signal in the future.

7. The method of claim 1, wherein the computing the clock
model comprises computing the clock model based, at leastin
part, on timed batches including fine time measurements.

8. The method of claim 1, wherein the transmitter is a
serving base station having a clock, and wherein the com-
puted clock model is representative of the clock.

9. An apparatus comprising:

a receiver to receive messages from a communication net-

work;
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a transmitter to transmit messages to the communication

network; and

one or more processors configured to:

compute a clock model descriptive of timing of at least one

signal transmitted in an asynchronous network based, at
least in part, on fine time measurements received in
messages from each mobile device of one or more
mobile devices, the clock model being computed based,
at least in part, on a first time reference in on or more first
signals received at the each mobile device from the
asynchronous network and a second time reference,
wherein the computed clock model includes at least one
of a clock drift parameter, a clock time uncertainty
parameter or a clock frequency uncertainty param-
eter; and
initiate transmission of messages containing parameters
representative of the computed clock model through the
transmitter to one or more receiving mobile devices.

10. The apparatus of claim 9, wherein the second time
reference comprises a time reference obtained from acquisi-
tion of a satellite positioning system (SPS) signal.

11. The apparatus of claim 9, wherein the fine time mea-
surements comprise at least a time-stamped frame number
observed in the one or more first signals.

12. The apparatus of claim 9, wherein the apparatus is a
serving base station having a clock, and wherein the com-
puted clock model is representative of the clock.

13. A non-transitory storage medium comprising machine-
readable code stored thereon which is executable by a special
purpose computing apparatus, comprising:

code to compute a clock model descriptive of timing of at

least one signal transmitted in an asynchronous network
based, at least in part, on fine time measurements
received in messages from each mobile device of one or
more mobile devices, the fine time measurements being
determined based, at least in part, on a first time refer-
ence in one or more first signals received at the each
mobile device from the asynchronous network and a
second time reference,
wherein the computed clock model includes at least one
of a clock drift parameter, a clock time uncertainty
parameter or a clock frequency uncertainty param-
eter; and
code to initiate transmission of messages containing
parameters representative of the computed clock model
to one or more receiving mobile devices.

14. An apparatus comprising:

means for receiving from each mobile device of one or

more mobile devices fine time measurements deter-
mined based, at least in part, on a first time reference in
one or more first signals received at the each mobile
device from an asynchronous network and a second time
reference;

means for computing a clock model descriptive of timing

of at least one signal transmitted from a transmitter in the

asynchronous network based, at least in part, on the fine

time measurements,

wherein the computed clock model includes at least one
of a clock drift parameter, a clock time uncertainty
parameter or a clock frequency uncertainty param-
eter; and

means for transmitting parameters representative of the

computed clock model to one or more receiving mobile
devices.



