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WIRELESS COMMUNICATION DEVICES IN WHICH OPERATING CONTEXT IS
USED TO REDUCE OPERATING COST AND METHODS FOR OPERATING
SAME

[0001] CROSS REFERENCE TO RELATED APPLICATION

[0002] The present application claims the benefit of U.S. provisional patent application
no. 61/429,647 filed January 4, 2011, in the names of MOEGLEIN et al., the disclosure

of which is expressly incorporated by reference herein in its entirety.

[0003] BACKGROUND

[0004] FIELD

[0005] The present disclosure relates to improvements in wireless communication
devices and systems, and methods for operating same, and more particularly to
monitoring operating contexts of the devices to reduce cost and improve the efficiency

of operating the devices.

[0006] BACKGROUND

[0007] Wireless mobile devices are becoming more ubiquitous all over the world. As
increasing numbers of people are carrying and using such mobile devices, and the
devices’ complexity and computing power grows, their operating context is becoming
of increased interest. The operating context of a mobile device has three main
components: the physical environment in which the mobile device is operating, the
operating states, conditions, and capabilities of the mobile device, and the applications

or activities in which the mobile device is engaging.

[0008] The physical environment in which the mobile device is operating includes such
factors as the location type, whether the mobile station is indoors or outdoors, whether it
is operating in a vehicle, whether the vehicle is in the open or in a tunnel or other signal
inhibiting structure, and the like. Other physical environment factors include, for
example, the direction the mobile device is facing, whether the mobile device is moving
or still, and if it is moving, at what speed and in what direction. Still other physical
environment factors may include, for instance, weather conditions surrounding the

mobile device, such as whether it is raining, foggy, sunny, windy, and so on.
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[0009] The operating states, conditions, and capabilities of the mobile device include
such factors as the equipment installed on the mobile device. Examples of such
equipment include the battery, the memory, the display, the speakers or earphones, a
satellite positioning system (such as GPS) engine, multimedia capabilities, the processor
power and speed, and the like. The states, conditions, and capabilities may also include,
for example, the state of charge of the battery, the brightness capabilities of the display,

whether the brightness is adjustable, and so on.

[0010] The applications or activities of the mobile device may include, for example,
whether the mobile device is running a navigation program, tracking or following
people, running a gaming program, whether running programs are local or interactive
with users of other mobile devices, and so on. Other applications or activities may
include running multimedia programs, for example, receiving, transmitting, or
displaying video and audio signals. Still other sophisticated examples of applications or
activities may include such things as artificial intelligence and learning applications, and
applications in which sophisticated decision making capabilities are needed, such as
reminding a user that he is near a grocery store and his grocery list includes bread and
milk, or asking a user who is stuck in traffic and will be late to a meeting if the mobile
device should send a notification to the other meeting participants that the user will be

late, and by how long.

[0011] Even though technological improvements to mobile devices become increasingly
powerful, mobile device capabilities are still limited. For example, battery capacity is
ever increasing, but operating programs such as navigation or multimedia applications
require significant power which in turn limits the operating time for such applications or
limits simultaneous operation of other applications. Bright daylight displays are
becoming widely available with low power requirements, but night-time displays still
use significant power. Mobile devices are not sufficiently self-aware to govern their
behavior to conserve resources. For example, if a mobile device is in a noisy
environment that makes detecting incoming calls by the user difficult, the mobile device
may nevertheless continue operating the ringing at full power without taking into

account its environment.

[0012] Most solutions to this problem are ad hoc. For example, a typical application

operates its own interfaces to various components on a mobile device, rather than
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interacting with a single point of control. This configuration means that each
application considers operating conditions independently. Although some efforts have
been made to sense a mobile device’s environment, and alter the mobile device’s
operation in response, holistic optimization of resources has not been addressed in a
satisfactory manner. For example, it has been proposed to sense indoor and outdoor cell
phone environments using phone sensors and inference analyzers. It has also been

proposed to sense a sound level to put a phone into vibrate mode, and the like.
[0013] SUMMARY

[0014] Offered is a mobile device capability that can track the operating context of a
mobile device through a central control engine, and for any particular action may select
a desired set of operating conditions or resources and configure the mobile device
accordingly. The aspects of the present disclosure described collect information
regarding a mobile device’s operating conditions, process the information, and
determine desired operating conditions based on the operating context. An application
can thus interface with the central control engine, rather than having to interface with
each of the sensors/measurement devices, etc. that would be used by the application to

obtain the context information on its own.

[0015] Offered is a mobile device including a measurement generator to provide freely
available measurement information of the operating resources. The mobile device may
also include an inference engine to generate inferred context information from the freely
available measurement information. The mobile device may also include a context
awareness engine to access the freely available measurement information and/or the
inferred context information to determine context conditions of the mobile device. The
context awareness engine may also identify at least one of the operating resources as
one or more candidate resources for a service application based on the determined
context conditions. The context awareness engine may be configured to evaluate the
candidate resource(s) using evaluation metrics to measure cost and/or effectiveness of
the candidate resource(s). The context awareness engine may also be configured to
select at least one of the candidate resources for use by the service application based on

the evaluation metrics.
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[0016] Offered is a method of operating a mobile device configured to access operating
resources. The method includes determining at least one context condition of the
mobile device using freely available measurement information of the operating
resources and/or inferred context information obtained from the freely available
measurement information. The method also includes, upon initiation of a service
application, determining at least one candidate operating resource for the service
application based on the context conditions. The method further includes measuring
cost and/or efficiency of the candidate operating resource(s) based on the context
conditions. The method still further includes selecting at least one of the candidate

operating resources based on the measuring.

[0017] Offered is a mobile device configured to access operating resources. The mobile
device includes means for determining at least one context condition of the mobile
device using freely available measurement information of operating resources and/or
inferred context information obtained from the freely available measurement
information. The mobile device also includes means for, upon initiation of a service
application, determining at least one candidate operating resource for the service
application based on the context conditions. The mobile device further includes means
for measuring cost and/or efficiency of the candidate operating resource(s) based on the
context conditions. The mobile device still further includes means for selecting at least

one of the candidate operating resources based on the measuring.

[0018] Offered is a computer program product including a non-transitory computer-
readable medium having program code recorded thereon. The program code includes
program code to determine at least one context condition of a mobile device using freely
available measurement information of operating resources and/or inferred context
information obtained from the freely available measurement information. The program
code also includes program code to, upon initiation of a service application, determine
at least one candidate operating resource for the service application based on the context
conditions. The program code further includes program code to measure cost and/or
efficiency of the candidate operating resource(s) based on the context conditions. The
program code still further includes program code to select at least one of the candidate

operating resources based on the measuring.
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[0019] Offered is a mobile device configured for wireless communication. The mobile
device includes a processor(s) and a memory coupled to the processor(s). The
processor(s) is configured to determine at least one context condition of the mobile
device using freely available measurement information of operating resources and/or
inferred context information obtained from the freely available measurement
information. The processor(s) is also configured to, upon initiation of a service
application, determine at least one candidate operating resource for the service
application based on the context conditions. The processor(s) is further configured to
measure cost and/or efficiency of the candidate operating resource(s) based on the
context conditions. The processor(s) is still further configured to select at least one of

the candidate operating resources based on the measuring.

[0020] Additional features and advantages of the disclosure will be described below. It
should be appreciated by those skilled in the art that this disclosure may be readily
utilized as a basis for modifying or designing other structures for carrying out the same
purposes of the present disclosure. It should also be realized by those skilled in the art
that such equivalent constructions do not depart from the teachings of the disclosure as
set forth in the appended claims. The novel features, which are believed to be
characteristic of the disclosure, both as to its organization and method of operation,
together with further objects and advantages, will be better understood from the
following description when considered in connection with the accompanying figures. It
is to be expressly understood, however, that each of the figures is provided for the
purpose of illustration and description only and is not intended as a definition of the

limits of the present disclosure.

[0021] BRIEF DESCRIPTION OF THE DRAWINGS

[0022] For a more complete understanding of the present teachings, reference is now
made to the following description taken in conjunction with the accompanying

drawings.

[0023] FIGURE 1 is a block diagram of a mobile device in a wireless network

environment, showing a context-aware mode of operation of the mobile device.

[0024] FIGURE 2 is a block diagram showing a context awareness engine and its

general interface with a measurement gathering engine and a resource selector.
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[0025] FIGURES 3A — 3C are block diagram of an exemplary mobile device and its
supporting network, illustrating an example of functional allocations to enable selection
of mobile device operating resources for optimizing its cost and performance in view of

its operating context.

[0026] FIGURE 4 is a functional block diagram illustrating example blocks, which may
be executed by a mobile device to enable selection of mobile device operating resources

for optimizing its cost and performance in view of its operating context.

[0027] FIGURE 5 is a block diagram illustrating components for operating a mobile

device according to one aspect of the disclosure.

[0028] In the various figures of the drawing, like reference numbers are used to denote

like or similar parts or functions.

[0029] DETAILED DESCRIPTION

[0030] DEFINITIONS
[0031] A number of terms are defined below and used as defined in the application.

[0032] Ereely available measurement — A measurement that is readily available within

the mobile device. Many freely available measurements are already available in the
mobile device for communications purposes. For example, a freely available
measurement would include such information as the ID of one or more serving
communication resources with which the device is wirelessly associated. The ID can be
read from a received signal. A serving communication resource may be, for example, a
transmitter with which the mobile device is in communication. A frecly available
measurement may also include signal strength and phase information that can be
relatively easily acquired or determined. Freely available measurements may also
include “serving” and “non-serving” measurements. Freely available “serving”
measurements includes, for example, unique ID information that is uniquely associated
with a given ID in a device almanac (defined below). Freely available non-serving
measurements may include, for example, a non-unique ID such as a pseudo noise (PN)
offset for a code division multiple access (CDMA) signal, a frequency for global system
for mobile communications (GSM), and analogous information for other air interfaces.

Many other examples of freely available measurements exist. For example, in wide
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area network (WAN) systems a pilot strength measurement message (PSMM) in
CDMA2000 systems, a measurement results list (MRL) in universal mobile
telecommunications systems (UMTS), common reference signal (CRS) measurements
of long term evolution (LTE) systems, and a network measurement report (NMR) in

GSM systems are examples of freely available measurements.

[0033] Context of the mobile device — The measureable, derivable, deducible, or

inferable factors by which the environment, setting, and/or location type of a mobile
device may be modeled. The context may be determined from one or more freely
available measurements, operating conditions, or other inputs. For example, the
inference that a mobile device is inside or outside might be based on the color
temperature of a photograph taken by a camera phone in conjunction with the time of
day. The inference could, perhaps also account for local weather and temperature. The
context may also include the probable number of measurements the mobile device is
likely to receive if it performs an initial or deeper search for any particular measurement
type. For example, a pilot strength measurement message (PSMM) might include
enough information for the mobile device to infer how many signal measurements are

likely, particularly when viewed in combination with a device almanac.

[0034] Cost or operating cost — A measure of the resources used in operating the mobile

device, which need not be monetary; for example, the time and/or power required for a
mobile device to accomplish a particular task. Cost can also reflect the degree of use of

computing or communication resources.

[0035] Derived or inferred information — Information not directly available, but derived

or inferred from freely available measurements or directly available information. An
example of derived or inferred information is a determination or likelihood that a
mobile device is in a moving road-based vehicle (car, bus, or the like) based on input
from a mobile device sensor, such as an accelerometer or gyroscope. The sensor
indicates the mobile device is moving at a speed greater than a walking speed but less
than an aircraft speed. Another example of derived or inferred information is a
determination of the likelihood that a mobile device is outside at night because the
mobile device’s camera senses low or no light conditions and the mobile device time
(which itself can be derived from a wireless base station or GPS satellite data) is after

sunset, based on almanac data received from a network data source.
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[0036] Device almanac — A database containing information relevant to a specific

device or devices. For example, in a GPS satellite navigation context, the satellite
almanac may be a set of parameters included in the GPS satellite navigation message
that a receiver uses to predict the approximate location of a satellite. The almanac may
also contain information about other satellites in the constellation. In a cellular
communication system context, the almanac may be a database listing the transmitter
signals the device can receive. The almanac may also contain, for instance, the

locations of base stations with which the wireless device can communicate.

[0037] Effectiveness — The efficiency by which a mobile device can accomplish a
particular task, or the degree of certainty achievable by a mobile device in delivering a

particular result.

[0038] Example or exemplary - The words “example” or “exemplary” are used to mean
“serving as an instance, illustration, nature, or character of the rest.” Any configuration
or aspect described herein as “an example” or “exemplary” is not necessarily to be

construed as preferred or advantageous over other configurations.

[0039] External mobile device resources — Resources external to the mobile device.

External mobile device resources may include, for example, network resources, external
transmitter almanacs, terrain clevation data, satellite almanac and ephemeris data,
weather and forecast data, timing services, maps, applications, and application
programming interfaces (APIs) that may be downloaded from a network server, and the
like.

[0040] Internal mobile device resources — Resources internal to the mobile device.

Internal mobile device resources may include, for example, the capacity of a mobile
device to perform certain functions. An example of an internal mobile device resource
may be the source supplying power to the device, which may be for instance, a constant
power supply, one or more batteries, and the like. Other examples of internal mobile
device resources may be a memory/storage and how much memory capacity is available
for storing new information; an image acquisition device or camera; a microphone; a
speaker and its volume capabilities; a user input device, such as a keypad or touch-

screen; a thermometer; a processor and its processing speed and capacity; sensors, such
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as accelerometers, gyroscopes, magnetometers, pressure sensors, humidity sensors, and

the like.

[0041] Location type of the mobile device Includes the character or characteristics of

the location of the mobile device, such as indoors or outdoors; population density,
transmitter or base station density; foliage levels; terrain undulation (flat, rolling hills,
mountainous); light levels (sunny vs. shaded); color temperature; context probability,
for example, normal or unusual context; road trip indication; likelihood of request;
likelihood of context change; dynamics indicators, for example, static, standing still,
walking, city driving, highway driving, flying, over water, and the like; highway or
freeway speed indicator; motion levels; mobile status; proximity to transmitters;
predicted signal strengths and connection success rates; proximity profiles (sonar); line-
of-sight probabilities to base stations, transmitters, or other object; a multipath signal
condition, which may be, for example, further quantified by a specific numeric scale or

by discrete multipath types; and the like.

[0042] Measurement generator — A device (which may be executed in hardware,
software, firmware, or any combination thereof) that can sample or query a myriad of
operating resources available to a mobile device. The measurement generator is capable,
for example, of measuring functions, features, capacities, or the like, that can be
measured and reported, and returning a measurement value indicating a state of the
sampled or queried resource. For example, a measurement generator may measure and
report a battery capacity, or a measurement generator may check and report whether a
display is on or off. A measurement generator, for example, may provide an indication
whether signals from a particular satellite or ground transmitter are available, the phase

of the signals, the signal strength of the signals, and so on.

[0043] Mobile device — A “mobile device,” sometimes also referred to as a “mobile
station,” refers to a device such as a cellular or other wireless communication device,
personal communication system (PCS) device, personal navigation device (PND),
Personal Information Manager (PIM), Personal Digital Assistant (PDA), laptop
computer, tablet computer, or other suitable device capable of receiving wireless
communication signals, navigation signals, or both. The term “mobile station” includes
devices which communicate with a personal navigation device (PND), such as by short-

range wireless, infrared, wireline connection, or other connection, regardless of whether
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satellite signal reception, assistance data reception, or position-related processing occurs
at the device or at the PND. “Mobile station” also includes devices, including wircless
communication devices, computers, laptops, and the like, which are capable of
communication with a server, for example, via the Internet, Wi-Fi, or other network,
regardless of whether satellite signal reception, assistance data reception, or position-
related processing occurs at the device, at a server, or at another device associated with
the network. Any operable combination of the above is also considered a “mobile

device.”

[0044] Multipath - A signal condition resulting from received signals having traveled
different propagation paths. In the radio channel, the multipath is created by reflection
of the signal from obstacles in the environment, such as buildings, trees, cars, and
people. In general, the radio channel is a time varying multipath channel due to the
relative motion of the structures that create the multipath. For example, if an ideal
impulse is transmitted over the time varying multipath channel, the received stream of
pulses would change in time location, attenuation, and phase as a function of the time
when the ideal impulse was transmitted. One characteristic of a multipath channel is the
time spread introduced in a signal transmitted through the channel. For example, if an
ideal impulse is transmitted over a multipath channel, the received signal appears as a
stream of pulses. Another characteristic of the multipath channel is that each path
through the channel may cause a different attenuation factor. For example, if an ideal
impulse is transmitted over a multipath channel, each pulse of the received stream of
pulses generally has a different signal strength than other received pulses. Yet another
characteristic of the multipath channel is that each path through the channel may cause a
different phase on the signal. For example, if an ideal impulse is transmitted over a
multipath channel, each pulse of the received stream of pulses generally has a different

phase than other received pulses.

[0045] Operating resources - Internal mobile device resources, external mobile device

resources, and centralized resources.

[0046] Optimize or optimizing - To configure a mobile device so the mobile device will

function in an effective manner based upon predefined criteria to reach desired cost and
effectiveness goals. This can be done in a number of ways. For example, the context

engines may continuously monitor and readjust the operating parameters of a mobile
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device with changing conditions. Or, the operating parameters of a mobile device may
be initialized according to a configuration that changes in a predictable manner. Or, the
operating parameters mobile device may be configured on a scheduled basis, and so on.
The term “optimize” or “optimizing” is not intended to be necessarily limited to mobile
device operations in the absolute, most efficient manner for a particular operating
resource; however, it is contemplated that optimizing may achieve a level of operation,
based on considerations and possible tradeoffs of the freely available measurements,
costs, operating resources, and context of the mobile device, that tends to reduce or

minimize cost and increase or maximize effectiveness.

[0047] Transmitter Almanac - Information related to signals a particular mobile device

can receive.

[0048] DETAILED DESCRIPTION

[0049] In one configuration of the devices and methods described herein, a context
awareness engine maintains a current context profile of the mobile device. The context
profile may be continuously updated based on information available to the awareness
engine. The awareness engine may use freely available measurements, and may decide
whether to augment those freely available measurements based upon the expected cost

and effectiveness of the various measurement types that might be requested.

[0050] Figure 1 illustrates a block diagram of a mobile device 10 in a wireless network
environment. Figure 1 illustrates components for a context-aware mode of operation of
the mobile device 10. The mobile device 10 includes, among other things, a context
awareness engine 12 and a measurement gathering engine 14. The context awareness
engine 12 and measurement gathering engine 14 may be implemented in hardware,
software, firmware, or a combination thereof. In the configuration shown, they are
software implemented, and contained, for example, in a memory 16 of the mobile

device 10.

[0051] The measurement gathering engine 14 maintains a current profile of freely
available measurements, conceptually illustrated by the cloud 18. As illustrated, the
freely available measurements may include measurements from components in the
mobile device 10, the wireless network 20 with which the mobile device 10 is

associated, and any other available source.
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[0052] The wireless network 20, among other things, includes base stations 22, 24, and
26 and a network server 30, which at least in part controls communications between the
wireless network 20 and mobile device 10. The wireless network 20 may be
implemented as a part of various wireless communication networks, such as a wireless
wide area network (WWAN), a wireless local areca network (WLAN), a wireless

personal area network (WPAN), and so on.

[0053] 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 Multiple Access (OFDMA)
network, a Single-Carrier Frequency Division Multiple Access (SC-FDMA) network, a
Long Term Evolution (LTE) network, a WiMAX (IEEE 802.16) network and so on. A
CDMA network may implement one or more radio access technologies (RATSs) such as
c¢dma2000, Wideband-CDMA (W-CDMA), and so on. Cdma2000 includes IS-95, IS-
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 Generation Partnership Project” (3GPP). Cdma2000 is described in
documents from a consortium named “3rd Generation Partnership Project 2” (3GPP2).
3GPP and 3GPP2 documents are publicly availablee A WLAN may be an IEEE
802.11x network, and a WPAN may be a Bluetooth network, an IEEE 802.15x, or some
other type of network. The techniques may also be implemented in conjunction with

any combination of WWAN, WLAN and/or WPAN.

[0054] The wireless network 20 may also be implemented as a part of a /WLAN or
other wireless network. In addition to WLAN signals, the mobile device 10 may also
receive signals from satellites (not shown), which may be from a Global Positioning
System (GPS), Galileo, GLONASS, NAVSTAR, QZSS, a system that uses satellites
from a combination of these systems, or any Satellite Positioning System (SPS)
developed in the future, each referred to generally herein as a Satellite Positioning

System (SPS) or GNSS (Global Navigation Satellite System).

[0055] The wireless network 20 may also be implemented as a part of a network that

includes pseudolites or in a combination of systems that includes pseudolites, or as a
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part of a network that includes femto cells, or as a part of a combination of systems that

includes femto cells.

[0056] In the configuration illustrated in Figure 1, the mobile device 10 is running a
particular application 32. The context awareness engine 12 is aware of the execution of
the application 32. The application 32 may be any application that can be run by the
mobile device 10, such as an internal application to operate a cell-phone camera, a
downloadable application like a navigation service, a service API such as an augmented
reality service, or the like. Based (at least in part) on the particular application 32, the
context awareness engine 12 determines which operating resources, conceptually
illustrated by the cloud 34, are desired for improved cost and efficiency. The context
awareness engine 12 activates the resource selector 36 to activate or engage the selected
operating resources. It should be noted that the operating resources, as illustrated, may
be resources in the mobile device 10, the wireless network 20, or elements thereof, such

as the network server 30, or elsewhere.

[0057] Figure 2 shows a block diagram of additional details of the context awareness
engine 12 of Figure 1. As shown, the context awareness engine 12 interfaces with the
measurement gathering engine 14 and the resource selector 36. The measurement
gathering engine 14 gathers, collects, measures or otherwise acquires freely available
measurements and sends them to the context awareness engine 12. The data regarding
freely available measurements may be regularly, and possibly continuously, updated by

the measurement gathering engine 14.

[0058] The context awareness engine 12 may use freely available measurements to
make inferences about the context of the mobile device. An inference engine 40 makes
the inferences. Examples of inferences are shown in cloud 42 and include, for instance,
whether the mobile device is indoors or outdoors, whether it is moving or still, whether
it is in a vehicle or with a walking user, and so forth. It should be noted that inferences
can be drawn not only from freely available information, but from previously drawn
inferences and combinations of previously drawn inferences and freely available

information.

[0059] The freely available measurements and inferences to be drawn may be

dependent upon the particular application being executed by the mobile device.
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Potential inferences may be specified or predefined by the application itself, the mobile
device manufacturer, the user, or some other source. In some instances, potential

inferences may be self-learned by the context awareness engine 12.

[0060] Once the freely available measurements have been identified and the inferences
generated, operating resources can be selected that achieve a desired cost and
cffectiveness of operating the mobile device. The context awareness engine 12 selects
using evaluation metrics 44. The evaluation metrics 44 may be predefined or may be
dynamically generated based on mobile operating conditions or other considerations.
The evaluation metrics 44 are used to decide which operating resources to use, based on
the cost and effectiveness of using the particular resources, as suggested by the cloud
46. Which specific operating resources to use in particular contexts may be predefined
by the application itself, the mobile device manufacturer, the user, or some other source.
In some instances, operating resources to be used may be self-learned by the context
awareness engine 12 using, for example, an expert system. The self learning could also
be based on the degree of membership in membership functions of a fuzzy logic control
engine, or the like. Based on the identification of the operating resources needed, the
context awareness engine 12 notifies the resource selector 36 which operating resources

to use to achieve a desired cost and effectiveness for the mobile device.

[0061] It should be appreciated that there are several different types of costs associated
with operation of a mobile device. One example is power. For example, a mobile
device may become low in battery power, making battery power more precious, thereby
increasing the cost of battery power. On the other hand a mobile device may have

sufficient remaining battery power, reducing the cost of using the power.

[0062] Another type of cost is associated with acquiring freely available measurements.
Typically, this cost would be low, primarily associated with the cost of maintaining an
almanac for the freely available measurements in the mobile device and the computing
power required by, for example, the navigation engine. Freely available measurements
are unlikely to be as sensitive as other measurements that might be available (for
example, from a specialized search for navigation purposes). This is the case because
the mobile device is primarily concerned with the strongest signals it can acquire and
therefore a communications resource is unlikely to search with great sensitivity.

Increasing that sensitivity comes at a cost to the resources of the mobile device.
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[0063] The cost associated with acquiring and maintaining certain information on the
mobile device may not necessarily be low. For example, in some configurations, it may
be desired to acquire and maintain a transmitter almanac, sometimes simply referred to
as “almanac,” to provide information related to signals the mobile device can receive.
This almanac may be self-learned on the mobile device, or it may be provided by one or
more servers in the wireless network. In any case, maintaining a transmitter almanac on
the device can be costly, in terms of both communications resources and storage

resources.

[0064] A block diagram of a configuration of a mobile device 10 and its supporting
wireless network 20 is shown in Figures 3A — 3C. Figures 3A — 3C illustrate examples
of functional allocations to enable selecting mobile device operating resources for
achieving a desired cost and performance in view of the mobile device’s operating

context.

[0065] The mobile device 10 includes a measurement gathering engine 14. The
measurement gathering engine 14 includes a number of measurement generators 50 —
64, a few examples of which are described for illustration. The measurement generators
may include, for example, inertial sensors 50, such as accelerometers, gyroscopes, and
the like. The measurement generators may include, for example, radios 52, such as
satellite positioning satellite (SPS) radios, terrestrial two-way radios, terrestrial
broadcast radios, and the like. The measurement generators may include, for example,
an audio microphone 54, speaker 56, camera 58, oscillator/clock 60, or the like. The
measurement generator may additionally include, for example, a weather measurement
device or instrument 62, to gather information regarding temperature, pressure,
humidity, or the like. The measurement generator may also include a mobile state
sensor 64 to determine the state of a mobile device. For example, if a phone is open or
closed, the activity in which the user is currently engaged (for example, walking,
running, driving, flying, and so on), the battery power available, the state of the battery

(e.g., charging), the memory available, and so on.

[0066] The measurement gathering engine 14 includes a measurement controller 68,
which controls, for example, power on or off, rate control, data request fulfillment,
status checks, or the like. The measurement controller 68 communicates with the

context awareness engine 12.
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[0067] In the configuration illustrated, the context awareness engine 12 continuously
maintains awareness of a number of context factors. Several possibilitics are described
for illustration. For example, the context awareness engine 12 may maintain awareness
of the position and velocity of the mobile device 10. It may also maintain awareness of
time determination services and environment characterization services. It may maintain
awareness of the availability of navigation measurements and accuracy prediction
associated with the navigation measurements. The context awareness engine 12 may
also contain control logic to evaluate specific environmental measurements and perform
data analysis of certain measurements. It may maintain control of location and
measurement histories obtained in navigation applications and provide management of

network uploads and downloads.

[0068] The context awareness engine 12 receives network support from the wireless
network 20. Thus, network context services may be provided or obtained from the
wireless network 20 including, for example, transmitter almanacs, terrain elevation data,
context-based sensor models, weather data, weather forecasts, timing services, maps,

and the like. Of course, a myriad of other context services may be available, as well.

[0069] In one configuration, the almanac contains statistics about the presence of
interfering signals. The presence of interference may be noted by mobile devices and
used in updating their individual almanacs. These interference observations may also
be sent to a network entity for update of the aggregated almanac database. The
interference statistics may be used by the mobile device to establish the likelihood of
receiving a reliable signal from transmitters in its vicinity, or the usefulness of searching

for such a signal.

[0070] As shown in Figure 3C, a navigation engine 70 is provided in communication
with the context awareness engine 12. The navigation engine 70 may, for example,
provide distance measurement and almanac associations, as well as position, velocity,
and time determinations. The navigation engine may also support geo-fencing

applications.

[0071] The context awareness engine 12, as well as the navigation engine 70, are in
communication with a mobile database 72, as shown in Figure 3C. The mobile database

72 contains specific information about the mobile device. For example, the mobile
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database 72 may contain information concerning the type of phone, such as a slide
opening phone, a clam shell phone, a phone with a touch screen, and so on. The mobile
database 72 may also contain data describing the capabilitics of the mobile device,
power usage models, context-based sensor models, and the like. The mobile database
72 may also contain data it has acquired from outside of the mobile device itself, such
as transmitter almanac, terrain elevation data, weather data, such as forecasts,
temperature, barometric pressure, and the like, maps, landmark or waypoint lists, and so
forth. The mobile database 72 may also maintain histories, such as fix and

measurement histories, or the like.

[0072] As shown in Figure 3B, a number of service APIs are illustrated in box 74 as
being accessible by the context awareness engine 12. In the illustrated configuration,
for example, the service APIs may include context APIs, positioning APIs, navigation
APIs, control APIs, and the like. Numerous other API services may be accessible,

depending on the capabilities of the mobile device, the needs of the user, and so on.

[0073] Context service APIs may include, for example, APIs to determine or infer

weather or the location type of the mobile device.

[0074] Positioning service APIs may include, for example, APIs to determine position;
velocity; current time; historical time; signal strength observations and predictions;

measurement observations and predictions; and the like.

[0075] Navigation Service APIs may include, for example, APIs to determine route
navigation services that may be available such as recent distance travelled; landmark
navigation; geo-fencing services; pedometer services; control services; rate, power, or
accuracy control; context-based control services; background and foreground settings;
and the like.

[0076] Control Service APIs may include, for example, APIs to control the background

and foreground of the mobile device, the power used by the mobile device, etc.

[0077] The context of a mobile device extends beyond accuracy requirements, but also
includes performance goals or thresholds related to battery state, storage and
communications resources, and the like. For example, in determining a current context

of a camera phone, a photograph taken by the camera phone may be analyzed for color



WO 2012/094424 PCT/US2012/020228

18

temperature. The analysis may take into account the time of day and local weather,
both of which may be freely available information. Nevertheless, there is a cost to
acquiring the time of day, the weather, operating the camera phone, and actually
performing the analysis using the processing or computing capabilities of the camera
phone. The cost may be weighed against the potential gain to be achieved, which may
be, for instance, determining whether the device is indoors or outdoors. Knowing
whether the phone is indoors or outdoors may have a high value for certain applications
and a lower value for other applications. The context awareness engine 12 may weigh
the value of desired information to a particular application against the cost to obtain that

information.

[0078] Thus, the context awareness engine 12 continuously solves a series of
conditional probability problems over time. For example, if a background navigation
application is initiated by the user or another program, given what the context awareness
engine 12 currently knows of the mobile state, the context awareness engine 12 makes
some determinations. For example, the contact awareness engine 12 determines what
available operating resources should be used to meet the desired or required accuracy of
the background navigation application, and when and how important it is to know more

about other aspects of the context of the mobile device.

[0079] More particularly, in order for the context awareness engine 12 to know more
about any aspect of the context of the mobile device, it should have a model for the
cffectiveness of each sensor type. That is, the context awareness engine 12 should
know the conditional probability of whether a given sensor type will solve its problems,
and at what cost. For example, to assess if a more sensitive search is likely to provide a
desired signal accuracy, the probability of finding sufficient WAN phase measurements
to sufficiently improve background position accuracy, P(Aw|Co), should be known.
These probabilities may be pre-programmed or self-learned on the mobile device.
There might be a similar probability for WLAN measurements (e.g., Wi-Fi). We can
denote this probability as P(AI|Co).

[0080] The mobile device may be equipped with sensors, such as accelerometers,
gyroscopes, magnetometers, temperature sensors, pressure sensors and/or humidity
sensors. Each of the sensors available to a mobile device has an expected success rate

and cost function. These may vary as a function of the desired sensor’s sensitivity or
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rate. Some sensors may have a high initial power consumption followed by lower
power consumption, whereas others may only be effective in conjunction with other
sensors, thus having a higher operating cost. The context awareness engine 12 may take

these factors into account when determining the desired method of operation.

[0081] One example is the combination of Wi-Fi and inertial sensors while the mobile
device is moving slowly (typically indoors). It may be useful to know if a device is
likely to be indoors, so that the mobile may choose to use Wi-Fi and/or inertial sensors
over GPS for positioning applications.  (Inertial sensors provide an optional
smoothing/dead reckoning quality to the positioning context.) However, a Wi-Fi server
in the vicinity would provide the almanac for this capability, and there is a cost
associated with acquiring and storing the almanac. For purposes of determining
whether the resource expenditure is desired, the context awareness engine may amortize
the cost of obtaining the information over the time the mobile device is likely to use

such information.

[0082] In another example, the mobile device may determine a maximum likely mobile
speed, given its current context. This maximum speed may be useful for determining the
Doppler search space for all transmitter types, including GNSS satellites. Signal
searches may use substantially less time and energy if/when their Doppler windows can

be narrowed.

[0083] A series of cost effectiveness models for each sensor type is provided. The
probability that a given sensor or combination of sensors will solve a given problem is
known. Given the context of the device, the problems to be solved may be determined
with a combination of user input and automatic/adaptive management. For example, at
a given time, To, the context awareness engine may be set to maintain a background
navigation solution with approximately 1 km accuracy. It may also be asked to alert an
application when the mobile device is likely to have moved from indoor to outdoor, or
vice-versa. (This sort of information may be used, for example, to adjust screen

brightness assuming sufficient power capacity of the device.)

[0084] A mobile device may include a measurement generator to provide at least freely
available measurement information of the plurality of operating resources. The mobile

device may also include an inference engine to generate inferred context information
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from the freely available measurement information. The mobile device may also
include a context awareness engine to access at least one of the freely available
measurement information and the inferred context information to determine context
conditions of the mobile device. The context awareness engine may also identify at
least one of the plurality of operating resources as one or more candidate resources for a
service application based on the determined context conditions. The context awareness
engine may be configured to evaluate the one or more candidate resources using
evaluation metrics to measure at least one of cost and effectiveness of the one or more
candidate resources. The context awareness engine may also be configured to select at
least one of the one or more candidate resources for use by the service application based
on the evaluation metrics. Thus, an application can interface with the context engine,
rather than creating its own interface to various devices on the mobile device to

determine context of the mobile device.

[0085] As shown in FIGURE 4 a mobile device may execute a method to perform
context evaluation for operating resources. As shown in block 402 the mobile device
may determine at least one context condition of the mobile device using freely available
measurement information of the operating resources and/or inferred context information
obtained from the freely available measurement information. As shown in block 404
the mobile device may, upon initiation of a service application, determine at least one
candidate operating resource for the service application based on the context conditions.
As shown in block 406 the mobile device may measure cost and/or efficiency of the
candidate operating resource(s) based on the context conditions. As shown in block 408
the mobile device may select at least one of the candidate operating resources based on

the measuring.

[0086] FIGURE 5 shows a design of an apparatus 500 for a mobile device. The
apparatus 500 includes a module 502 to determine at least one context condition of the
mobile device using freely available measurement information of the operating
resources and/or inferred context information obtained from the freely available
measurement information. The apparatus 500 includes a module 504 to, upon initiation
of a service application, determine at least one candidate operating resource for the
service application based on the context conditions. The apparatus 500 includes a

module 506 to measure cost and/or efficiency of the candidate operating resource(s)
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based on the context conditions. The apparatus 500 includes a module 508 to select at
least one of the candidate operating resources based on the measuring. The modules in
FIGURE 5 may be processors, electronics devices, hardware devices, electronics
components, logical circuits, memories, software codes, firmware codes, etc., or any

combination thereof.

[0087] In one configuration, an apparatus, for example a mobile device for wireless
communication includes means for determining at least one context condition of the
mobile device. In one aspect, the aforementioned means may be the measurement
gathering engine 14, measurement generators 50, 52, 54, 56, 58, 60, 62, or 64,
navigation engine 70, mobile database 72, network context services 20, services API 74,
application 32, operating resources 34, freely available measurements 18, context
awareness engine 12, inference engine 40, evaluation metrics 44, measurement control
block 68, and/or the module 504 configured to perform the functions recited by the
aforementioned means. The apparatus may also include means for, upon initiation of a
service application, determining at least one candidate operating resource for the service
application based on the context conditions. In one aspect, the aforementioned means
may be the services API 74, context awareness engine 12, evaluation metrics 44,
application 32, resource selector 36, and/or the module 504 configured to perform the

functions recited by the aforementioned means.

[0088] The apparatus may also include means for measuring cost and/or efficiency of
the candidate operating resource(s) based on the context conditions. In one aspect, the
aforementioned means may be the measurement gathering engine 14, context awareness
engine 12, ecvaluation metrics 44, inference engine 40, and/or the module 506
configured to perform the functions recited by the aforementioned means. The
apparatus may also include means for selecting at least one of the candidate operating
resources based on the measuring. In one aspect, the aforementioned means may be the
context awareness engine 12, resource selector 36, and/or the module 508 configured to
perform the functions recited by the aforementioned means. In another aspect, the
aforementioned means may be a module or any apparatus configured to perform the

functions recited by the aforementioned means.

[0089] The methodologies described herein can be implemented by various means

depending upon the application. For example, these methodologies can be implemented



WO 2012/094424 PCT/US2012/020228

22

in hardware, firmware, software, or a combination thereof. For a hardware
implementation, the processing units can 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. Herein, the term “control logic”

encompasses logic implemented by software, hardware, firmware, or a combination.

[0090] For a firmware and/or software implementation, the methodologies can be
implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. Any machine readable medium tangibly embodying
instructions can be used in implementing the methodologies described herein. For
example, software codes can be stored in a memory and executed by a processing unit.
Memory can be implemented within the processing unit or external to the processing
unit. As used herein the term “memory” refers to any type of long term, short term,
volatile, nonvolatile, or other storage devices 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.

[0091] If implemented in firmware and/or software, the functions may be stored as one
or more instructions or code on a computer-readable medium. Examples include
computer-readable media encoded with a data structure and computer-readable media
encoded with a computer program. Computer-readable media may take the form of an
article of manufacturer. Computer-readable media includes physical computer storage
media and does not refer to transitory propagating signals. 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 or other magnetic 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,
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while discs reproduce data optically with lasers. Combinations of the above should also

be included within the scope of computer-readable media.

[0092] In addition to storage on computer readable 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 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

[0093] Although the disclosure has been described and illustrated with a certain degree
of particularity, it should be understood that the present disclosure has been made by
way of example only, and that numerous changes in the combination and arrangement
of parts may be resorted to without departing from the spirit and scope of the disclosure,

as hereinafter claimed.
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CLAIMS
WHAT IS CLAIMED IS:
1. A mobile device configured to access a plurality of operating resources, the

mobile device comprising:

a measurement generator to provide at least freely available measurement
information of the plurality of operating resources;

an inference engine to generate inferred context information from the freely
available measurement information; and

a context awareness engine to access at least one of the freely available
measurement information and the inferred context information to determine context
conditions of the mobile device and to identify at least one of the plurality of operating
resources as one or more candidate resources for a service application based on the
determined context conditions, the context awareness engine being configured to
evaluate the one or more candidate resources using evaluation metrics to measure at
least one of cost and effectiveness of the one or more candidate resources and to select
at least one of the one or more candidate resources for use by the service application

based on the evaluation metrics.

2. The mobile device of claim 1 in which the plurality of operating resources

comprise a navigation engine configured to generate navigation information.

3. The mobile device of claim 2 in which the navigation information comprises at

least one of position information, velocity information, and time information.

4. The mobile device of claim 1 in which the plurality of operating resources
comprise a battery, and the freely available measurement information comprises power

capacity information of the battery.

5. The mobile device of claim 1 in which the plurality of operating resources
includes a memory, and in which the freely available measurement information

comprises an available data storage capacity associated with the memory.

6. The mobile device of claim 1 in which the plurality of operating resources

includes communication resources available to the mobile device.
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7. The mobile device of claim 1 in which the freely available measurement

information includes at least one of:
a data accuracy measurement;
an identification of a transmitter associated with the mobile device;
received signal strength information; and

received signal phase information.

8. The mobile device of claim 1 in which the mobile device includes a memory

storing at least one of:
type information associated with the mobile device;
information associated with mobile device capabilities;
at least one power usage model of the mobile device;
at lease one fix history of the mobile device;
location type information;
terrain clevation data information; and

at least a portion of a base station almanac.

9. The mobile device of claim 8 in which the base station almanac is at least

partially self-learned by the mobile device.

10. The mobile device of claim § in which the base station almanac is provided by a

wireless network server.

11. The mobile device of claim 8 in which the location type information includes at
least one location type selected from a group consisting of indoors, outdoors, in a

vehicle, and in a multipath signal environment.

12. A method of operating a mobile device configured to access a plurality of

operating resources, the method comprising:

determining at least one context condition of the mobile device using at least one
of freely available measurement information of the plurality of operating resources and
inferred context information obtained from the freely available measurement

information;
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upon initiation of a service application, determining at least one candidate

operating resource for the service application based on the context conditions;

measuring at least one of cost and efficiency of the at least one candidate

operating resource based on the context conditions; and

selecting at least one of the candidate operating resources based on the

measuring.

13. A mobile device configured to access a plurality of operating resources, the

mobile device comprising:

means for determining at least one context condition of the mobile device using
at least one of freely available measurement information of a plurality of operating
resources and inferred context information obtained from the freely available

measurcment information;

means for determining at least one candidate operating resource for the service

application based on the context conditions, upon initiation of a service application;

means for measuring at least one of cost and efficiency of the at least one

candidate operating resource based on the context conditions; and

means for selecting at least one of the candidate operating resources based on

the measuring.

4. A computer program product, comprising:
a non-transitory computer-readable medium having program code recorded

thereon, the program code comprising:

program code to determine at least one context condition of a mobile device
using at least one of freely available measurement information of a plurality of
operating resources and inferred context information obtained from the freely

available measurement information;

program code to determine at least one candidate operating resource for the
service application based on the context conditions, upon initiation of a service
application;

program code to measure at least one of cost and efficiency of the at least

one candidate operating resource based on the context conditions; and
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program code to select at least one of the candidate operating resources

based on the measuring.

A mobile device configured for wireless communication, comprising:
at least one processor; and

a memory coupled to the at least one processor,

the at least one processor being configured:

to determine at least one context condition of the mobile device using at least
one of freely available measurement information of a plurality of operating
resources and inferred context information obtained from the freely available

measurcment information;

to determine at least one candidate operating resource for the service
application based on the context conditions, upon initiation of a service
application;

to measure at least one of cost and efficiency of the at least one candidate

operating resource based on the context conditions; and

to seclect at least one of the candidate operating resources based on the

measuring.

The mobile device of claim 15 in which the plurality of operating resources

comprise a navigation engine configured to generate navigation information.

17.

The mobile device of claim 15 in which the plurality of operating resources

comprise a battery, and the freely available measurement information comprises power

capacity information of the battery.

18.

The mobile device of claim 15 in which the plurality of operating resources

includes communication resources available to the mobile device.

19.

The mobile device of claim 15 in which the freely available measurement

information includes at least one of:

a data accuracy measurement;
an identification of a transmitter associated with the mobile device;

received signal strength information; and
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received signal phase information.

The mobile device of claim 15 in which the memory stores at least one of:
type information associated with the mobile device;

information associated with mobile device capabilities;

at least one power usage model of the mobile device;

at lease one fix history of the mobile device;

location type information;

terrain clevation data information; and

at least a portion of a base station almanac.
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