wo 2015/069510 A2 |1 I N0F V000 0O 0 000 O A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/069510 A2

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

14 May 2015 (14.05.2015) WIPOIPCT
International Patent Classification:
GO01S 19/34 (2010.01)
International Application Number:
PCT/US2014/062809

International Filing Date:
29 October 2014 (29.10.2014)

Filing Language: English
Publication Language: English
Priority Data:

61/900,892 6 November 2013 (06.11.2013) US
14/480,396 8 September 2014 (08.09.2014) US

Applicant: QUALCOMM INCORPORATED [US/US];
ATTN: International IP Administration, 5775 Morehouse
Drive, San Diego, California 92121-1714 (US).

Inventors: FARMER, Dominic Gerard; 5775 Morehouse
Drive, San Diego, California 92121 (US). MORRISON,
William James; 5775 Morehouse Drive, San Diego, Cali-
fornia 92121 (US). WU, Jie; 5775 Morehouse Drive, San
Diego, California 92121 (US). RAOQO, Krishnaranjan;
5775 Morehouse Drive, San Diego, California 92121 (US).
LIN, Tong; 5775 Morehouse Drive, San Diego, California
92121 (US).

Agents: HUNTER CLARK PLLC et al.; Suite 213-T,
900 Cummings Center, Beverly, Massachusetts 01915

(US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: LOW POWER POSITIONING TECHNIQUES FOR MOBILE DEVICES

r 405

Derive search window

r415

for GNSS receiver based
on PUNC and TUNC

v I/ 410

Select GNSS search
mode based on search
window and resources
available for searching

for SVs

FIG. 4

Conduct a GNSS search
using the selected
search mode

| - 420

Estimate position of the
maobile device

Managing Power
Consumption of GNSS
Receiver for Position

Determination

(57) Abstract: Techniques for managing power consumption of a Global Navigation Satellite System (GNSS) receiver of' a mobile
device are provided. These techniques include a method that includes deriving a GNSS search window for the GNSS receiver based
on a position uncertainty (PUNC) and a time uncertainty (TUNC), selecting a GNSS search mode based on the GNSS search win -
dow and resources available for searching for signals from GNSS satellite vehicles (SVs), wherein an estimated power consumption
associated with execution of a GNSS search associated with the GNSS search mode does not exceed a power consumption limit spe-
cified for the GNSS receiver conducting the GNSS search using the GNSS search mode, and estimating a position of the mobile
device.



10

15

20

25

30

WO 2015/069510 PCT/US2014/062809

LOW POWER POSITIONING TECHNIQUES FOR MOBILE DEVICES

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No.
61/900,892, entitled, “LOW POWER POSITIONING TECHNIQUES FOR MOBILE
DEVICES,” filed on November 6, 2013, the contents of which are incorporated by

reference in their entirety.

BACKGROUND
[0002] Global Navigation Satellite System (GNSS) receivers have been incorporated
into a multitude of devices, including mobile devices such as mobile phones, tablet
computers, satellite navigation systems, and other portable devices. GNSS receivers
have also been incorporated into wireless access points and terrestrial transceivers, such
as femtocells to provide the wireless access point or terrestrial transceiver with precise

location information.

[0003] Mobile devices, such as mobile phones, tablets, and other such devices that may
make use of GNSS signals for positioning often face power constraints due to the
limited size of the on-board batteries of such devices. GNSS positioning methods can
have a significant impact on battery life of a mobile device. For example, in a
conventional GNSS receiver, navigation is performed to achieve a required accuracy
and the power consumption associated with the GNSS receiver is optimized to provide
the required accuracy. However, this approach is suboptimal in situations where the
power consumption associated with obtaining the position of the mobile device is more
important than the accuracy of the position determination. A conventional approach to
this problem is to reduce the accuracy requirements of the GNSS receiver to reduce the
power consumption by the GNSS receiver. However, this approach may not be
uniformly effective given the variable nature of GNSS signal conditions. The GNSS
receiver may exceed the desired power consumption where the GNSS signal conditions
are poor even if the accuracy requirements have been reduced. For example, in a
densely built up urban environment the GNSS signals may be obstructed, at least in
part, by buildings and other structures in the environment that can cause the accuracy to

degrade. As aresult, the GNSS receiver may consume more power attempting to
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acquire signals from a sufficient number of GNSS satellite vehicles (SVs) to be able to

determine a position for the mobile device.

SUMMARY
[0004] An example method for managing power consumption of a Global Navigation
Satellite System (GNSS) receiver of a mobile device according to the disclosure
includes deriving a GNSS search window for the GNSS receiver based on a position
uncertainty (PUNC) and a time uncertainty (TUNC); selecting a GNSS search mode
based on the GNSS search window and resources available for searching for signals
from GNSS satellite vehicles (SVs), wherein an estimated power consumption
associated with execution of a GNSS search associated with the GNSS search mode
does not exceed a power consumption limit specified for the GNSS receiver;
conducting the GNSS search using the GNSS search mode; and estimating a position
of the mobile device based at least in part on results of the GNSS search.
[0005] Implementations of such a method may include one or more of the following
features. Determining the PUNC associated with the position of the mobile device,
and wherein selecting the GNSS search mode based on the GNSS search window and
the resources available for searching for signals from SVs includes selecting the
GNSS search mode at least in part based on the PUNC. Wherein estimating the
position of the mobile device includes estimating the position of the mobile device
based at least in part on results of the GNSS search. Wherein the power consumption
limit specified for the GNSS receiver includes an average power consumption limit
over a predetermined period of time. Wherein selecting the GNSS search mode
includes selecting the GNSS search mode from a low uncertainty mode and a high
uncertainty mode, the low uncertainty mode being associated a smaller search window
and a higher duty cycle, the high uncertainty mode being associated with a larger
search window and a lower duty cycle. Wherein selecting the GNSS search mode
from the low uncertainty mode and the high uncertainty mode based on the GNSS
search window and the resources available for searching for signals from GNSS SVs
comprises selecting the low uncertainty mode based at least one of sensor data
information and GNSS signal strength information. Wherein selecting the GNSS
search mode from the low uncertainty mode and the high uncertainty mode based on
the GNSS search window and the resources available for searching for signals from

GNSS SVs includes: selecting the low uncertainty mode as the GNSS search mode
2
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responsive to the estimated power consumption required to support the GNSS search
window being less than or equal to the resources available for concurrently searching
for signals from GNSS SVs; and selecting the high uncertainty mode as the GNSS
search mode responsive to the estimated power consumption required to support the
GNSS search window being greater than the resources available for concurrently
searching for signals from GNSS SVs. Estimating the position of the mobile device
without using results of the GNSS search responsive to the estimated power
consumption required to support the GNSS search window at the GNSS receiver
exceeding the resources available for concurrently searching for signals from GNSS
SVs by a predetermined threshold. Estimating the position of the mobile device using
results of the GNSS search further includes: obtaining additional position estimate
information from at least one additional source of position related information other
than the GNSS receiver, and estimating the position of the mobile device using the
results of the GNSS search and the additional position estimate information. Wherein
the additional position estimate information includes at least one of signal information
from at least one terrestrial wireless transceivers proximate to the mobile device and
signal information from at least one motion sensor associated with the mobile device.
Wherein the power consumption limit specified for the GNSS receiver is received
from an application running on the mobile device. Wherein the application running on
the mobile device is configured to receive an input from a user of the mobile device
and to set the power consumption limit based on the input from the user of the mobile
device. Wherein the power consumption limit specified for the GNSS receiver is
determined based on an accuracy requirement of at least one application running on
the mobile device. Wherein the power consumption limit specified for the GNSS
receiver is determined based at least in part on whether the mobile device is receiving
power from an external power source or from a battery associated with the mobile
device. Wherein the power consumption limit specified for the GNSS receiver can be
specified as a hard limit or a soft limit, the method further comprising operating the
GNSS receiver in a low power state in which the GNSS search is not conducted
responsive to determining that the GNSS search would exceed the hard limit. Wherein
the power consumption limit is associated with a power budget for the GNSS receiver,
and selecting the GNSS search mode includes selecting a GNSS search mode

associated with an estimated power consumption that exceeds the power consumption
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limit specified for the GNSS receiver but does not exceed the power budget for the
GNSS receiver.

[0006] An apparatus for managing power consumption of a Global Navigation
Satellite System (GNSS) receiver of a mobile device according to the disclosure
includes means for deriving a GNSS search window for the GNSS receiver based on a
position uncertainty (PUNC) and a time uncertainty (TUNC); means for selecting a
GNSS search mode based on the GNSS search window and resources available for
searching for signals from GNSS satellite vehicles (SVs), wherein an estimated power
consumption associated with execution of a GNSS search associated with the GNSS
search mode does not exceed a power consumption limit specified for the GNSS
receiver; means for conducting the GNSS search using the GNSS search mode; and
means for estimating a position of the mobile device using results of the GNSS search.
[0007] Implementations of such an apparatus may include one or more of the
following features. The means for selecting the GNSS search mode comprises means
for selecting the GNSS search mode from a low uncertainty mode and a high
uncertainty mode, the low uncertainty mode being associated a smaller search window
and a higher duty cycle, the high uncertainty mode being associated with a larger
search window and a lower duty cycle. The means for selecting the GNSS search
mode from the low uncertainty mode and the high uncertainty mode based on the
GNSS search window and the resources available for searching for signals from
GNSS SVs includes: means for selecting the low uncertainty mode as the GNSS
search mode responsive to the estimated power consumption required to support the
GNSS search window being less than or equal to the resources available for
concurrently searching for signals from GNSS SVs; and means for selecting the high
uncertainty mode as the GNSS search mode responsive to the estimated power
consumption required to support the GNSS search window being greater than the
resources available for concurrently searching for signals from GNSS SVs. Means for
estimating the position of the mobile device without using the results of the GNSS
search responsive to the estimated power consumption required to support the GNSS
search window at the GNSS receiver exceeding the resources available for
concurrently searching for signals from GNSS SVs by a predetermined threshold. The
power consumption limit specified for the GNSS receiver is determined based on one

or more of an input received from an application running on the mobile device, an
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accuracy requirement of the application running on the mobile device, a user input,
and information indicating whether the mobile device is receiving power from an
external power source.

[0008] A mobile device for compensating for managing power consumption of a
Global Navigation Satellite System (GNSS) receiver of the mobile device according to
the disclosure includes a tangible, non-transitory computer-readable memory; a
plurality of modules comprising processor executable code stored in the tangible, non-
transitory computer-readable memory; a processor connected to the memory and
configured to access the plurality of modules stored in the memory; a low power
positioning method module, and a position determination module. The low power
positioning module is configured to derive a GNSS search window for the GNSS
receiver based on a position uncertainty (PUNC) and a time uncertainty (TUNC),
select a GNSS search mode based on the GNSS search window and resources
available for searching for signals from GNSS satellite vehicles (SVs), wherein an
estimated power consumption associated with execution of a GNSS search associated
with the GNSS search mode does not exceed a power consumption limit specified for
the GNSS receiver, and conduct the GNSS search using the GNSS search mode. The
position determination module is configured to estimate a position of the mobile
device based at least in part on results of the GNSS search.

[0009] Implementations of such a mobile device may include one or more of the
following features. The low power positioning method module is configured to select
the GNSS search mode from a low uncertainty mode and a high uncertainty mode, the
low uncertainty mode being associated a smaller search window and a higher duty
cycle, the high uncertainty mode being associated with a larger search window and a
lower duty cycle. The low power positioning method module is configured to: select
the low uncertainty mode as the GNSS search mode responsive to the estimated power
consumption required to support the GNSS search window being less than or equal to
the resources available for concurrently searching for signals from GNSS SVs, and
select the high uncertainty mode as the GNSS search mode responsive to the estimated
power consumption required to support the GNSS search window being greater than
the resources available for concurrently searching for signals from GNSS SVs. The
position determination module is configured to estimate the position of the mobile

device without using results of the GNSS search responsive to the estimated power
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consumption required to support the GNSS search window at the GNSS receiver
exceeding the resources available for concurrently searching for signals from GNSS
SVs by a predetermined threshold. The low power positioning method module is
configured to determine the power consumption limit specified for the GNSS based on
one or more of an input received from an application running on the mobile device, an
accuracy requirement of the application running on the mobile device, a user input,
and information indicating whether the mobile device is receiving power from an
external power source.

[0010] A non-transitory, computer-readable medium, having stored thereon computer-
readable instructions for managing power consumption of a Global Navigation
Satellite System (GNSS) receiver of a mobile device according to the disclosure
includes instructions configured to cause a computer to derive a GNSS search window
for the GNSS receiver based on a position uncertainty (PUNC) and a time uncertainty
(TUNC), select a GNSS search mode based on the GNSS search window and
resources available for searching for signals from GNSS satellite vehicles (SVs),
wherein an estimated power consumption associated with execution of a GNSS search
associated with the GNSS search mode does not exceed a power consumption limit
specified for the GNSS receiver, conduct the GNSS search using the GNSS search
mode, and estimate a position of the mobile device based at least in part on results of
the GNSS search. The instructions configured to cause the computer to select the
GNSS search mode include instructions configured to cause the computer to select the
GNSS search mode from a low uncertainty mode and a high uncertainty mode, the
low uncertainty mode being associated a smaller search window and a higher duty
cycle, the high uncertainty mode being associated with a larger search window and a
lower duty cycle. The instructions configured to cause the computer to select the
GNSS search mode from the low uncertainty mode and the high uncertainty mode
based on the GNSS search window and the resources available for searching for
signals from GNSS SVs include instructions configured to cause the computer to:
select the low uncertainty mode as the GNSS search mode responsive to the estimated
power consumption required to support the GNSS search window being less than or
equal to the resources available for concurrently searching for signals from GNSS
SVs, and select the high uncertainty mode as the GNSS search mode responsive to the

estimated power consumption required to support the GNSS search window being
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greater than the resources available for concurrently searching for signals from GNSS
SVs. Instructions configured to cause the computer to estimate the position of the
mobile device without using results of the GNSS search responsive to the estimated
power consumption required to support the GNSS search window at the GNSS
receiver exceeding the resources available for concurrently searching for signals from
GNSS SVs by a predetermined threshold.

[0011] These features and other advantages of the system and method, as well as the
structure and operation of various exemplary embodiments of the system and

method, are described below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a block diagram of an example network architecture in which the

techniques discussed herein can be implemented.

[0013] FIG. 2 is a block diagram of a mobile device that can be used to implement the

mobile device illustrated in FIG. 1.

[0014] FIG. 3 is a functional block diagram of the mobile device illustrated in FIG. 2

that illustrates functional modules of the memory shown in FIG. 2.

[0015] FIG. 4 is a flow diagram of a process for managing power consumption of a

GNSS receiver of a mobile device.
[0016] FIG. 5 is a flow diagram of a process for selecting a GNSS search mode.
[0017] FIG. 6 is a flow diagram of another process for selecting a GNSS search mode.

[0018] FIG. 7 is a flow is a flow diagram of a process for selecting a GNSS search

mode from a low uncertainty search mode and a high uncertainty search mode.

[0019] FIG. 8 is a flow is a flow diagram of a process for selecting a GNSS search

mode from multiple GNSS search modes.

[0020] FIG. 9 is a flow diagram of a process for conducting a position determination
for a mobile device using an alternative source mode which uses position information

from sources other than GNSS receivers.
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DETAILED DESCRIPTION

[0021] Low Power Positioning Method (LPPM) techniques are disclosed herein in
which a maximum GNSS power requirement can be specified and the positioning
accuracy of the GNSS receiver is optimized to meet the specified power requirement.
The techniques disclosed herein include the use of optimized GNSS search strategies.
The LPPM techniques disclosed herein can also make use of additional information that
can be used to derive the position of the mobile device that is not derived from signals
received from the GNSS satellites. For example, the additional information that can be
used to determine the position of the mobile device can include signals from
microelectromechanical systems (MEMS) sensors included in the mobile device,
externally sourced position information received by the mobile device, signal
measurements of signals received from wireless terrestrial transceivers, and/or other

information.

Example Network Environment

[0022] FIG. 1 is a block diagram of an example network architecture, which may be
suitable for implementing the techniques discussed herein. The particular configuration
illustrated herein is merely an example of one network configuration in which the
techniques disclosed herein may be used. Furthermore, an implementation of such a
network architecture may include additional elements that are not illustrated herein and

have been omitted for the sake of clarity.

[0023] The mobile device 120 can be configured to include a GNSS receiver that is
configured to receive and measure signals from one or more satellites 170 and obtain
pscudo-range measurements for the satellites. Satellites 170 may be part of a Global
Navigation Satellite System (GNSS), which may be the United States Global
Positioning System (GPS), the European Galileo system, the Russian GLONASS
system, or some other GNSS. The GNSS receiver may also be configured to detect and
receive signals from satellites 170 belonging to more than one GNSS system. For
example, satellite 170a may belong to the GPS system while the satellite 170b might
belong to the Galileo system. While the example network architecture illustrated herein
illustrates only two satellites 170, other implementations may have more or less

satellites available, and the number of satellites visible to the mobile device 120 may
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depend upon the current geographical location of the mobile devices and the orbits of

the satellites 170.

[0024] The mobile device 120 can also be configured to measure signals from one or
more wireless base stations, such as the terrestrial transmitter 115 and the macrocell
base station 140, and obtain timing measurements (e.g., for time of arrival (TOA) or
observed time difference of arrival (OTDOA)), signal strength measurements, and/or
signal quality measurements for the wireless base stations. The pseudo-range
measurements, timing measurements, signal strength measurements, and/or signal
quality measurements may be used to derive a location estimate for the mobile device
120. A location estimate may also be referred to as a position estimate, a position fix,

etc.

[0025] The mobile device 120 can also be configured to include a wircless wide area
network (WWAN) transceiver that can be used to send and/or receive data from one or
more wireless base stations, such as terrestrial transmitter 115 and the macrocell base
station 140. The inclusion of a terrestrial transmitter 115 and a macrocell base station
140 merely illustrates one possible configuration of a network architecture. Other
configurations may include more include additional base stations and/or may not

include both terrestrial transceivers and macrocell base stations.

[0026] The terrestrial transmitter 115 may comprise a femtocell, a picocell, a microcell,
or other type of terrestrial transmitter 115. In some implementations, the terrestrial
transceiver can comprise a WLAN wireless access point or other type access point
providing wireless network connectivity. The terrestrial transmitter 115 can be
configured to provide wireless network connectivity to one or more mobile devices,
such as the mobile device 120. The terrestrial transmitter 115 can be associated with a
mobile communication network provider and can be configured to communicate with
the mobile communication network provider’s network (not shown) via the network
110. The coverage area of the terrestrial transmitter 115 may overlap with that of one or
more macrocell base stations, such as macrocell base station 140, or that of one or more
other terrestrial transceivers. The terrestrial transmitter 115 can be connected to
network 110 via a backhaul connection that provides a broadband connection to the
network 110. The network 110 may be the Internet and/or a combination of one or

more networks. For example, the terrestrial transmitter 115 may be connected to a DSL

9
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modem or a cable modem, depending upon the type of broadband service being used in

that particular implementation.

[0027] Macrocell base station 140 can be configured to provide wireless network
connectivity to a plurality of mobile devices 120. The macrocell base station 140 may
have a much larger coverage area than the terrestrial transmitter 115 or may be a
terrestrial transceiver that provides a coverage area that is of a similar size or of a
smaller size than the coverage are provided by the terrestrial transmitter 115. Macrocell
base station 140 can be configured to communicate using one or more wireless
communications protocols. While the example illustrated in FIG. 1 includes on a
single macrocell base station 140, in other implementations, the terrestrial transmitter
115 may fall within the coverage area of multiple macrocell base stations 140, and the
coverage area of the terrestrial transmitter 115 may overlap that of one or more other

terrestrial transceivers.

[0028] The example network configuration illustrated in FIG. 1 is merely an example
of one possible configuration of a network in which the techniques disclosed herein may
be implemented. Other network configurations may include additional elements not
illustrated in FIG. 1 and the various components may be interconnected in a different

configuration than what is shown in FIG. 1.

Example Hardware

[0029] FIG. 2 is a block diagram of a mobile device that can be used to implement the
mobile device 120 illustrated in FIG. 1. The mobile device 120 can be used to

implement, at least in part, the process illustrated in FIG. 4.

[0030] The mobile device 120 comprises a computer system including a general-
purpose processor 210, a digital signal processor (DSP) 220, a wireless interface 225, a
GNSS receiver 265, and a non-transitory memory 260, sensors 285, connected to each
other by a bus 201. The wireless interface 225 can include a wireless receiver,
transmitter, transceiver, and/or other elements that enable the mobile device 120 to send
and/or receive data using the wireless communications protocols associated with one or
more wireless wide area network (WWAN) systems, wireless local area networks
(WLANS), and/or other types of wireless communication protocols that can be used to

send and/or receive data. The wireless interface 225 is connected by a line 232 to an
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antenna 234 for sending and receiving communications to/from the terrestrial
transmitter 115, the macrocell base station 140, and/or other wireless devices configured
to communicate using wireless communication protocols. Mobile device 120 may
include one or more transceivers configured to receive and/or send communications
using other wireless protocols in addition to or instead of the transceivers illustrated in

FIG. 2.

[0031] The GNSS receiver 265 can include a wireless receiver and other clements that
enable the mobile device 120 to receive signals from transmitters associated with one or
more GNSS systems. The GNSS receiver 265 is connected by a line 272 to an antenna
274 for receiving signals from the GNSS transmitters. The GNSS receiver 265 can be
configured to detect and receive signals from one or more GNSS, such as the United
States Global Positioning System (GPS), the European Galileo system, the Russian
GLONASS system, or some other GNSS system. The mobile device 120 can be
configured to include a Low Power Positioning Module (LPPM) module that can
interface with the GNSS receiver 265 that can control the operation of the GNSS
receiver 265 in order control the power consumption by the GNSS receiver 265. The

LPPM module is discussed in greater detail below with reference to FIG. 3.

[0032] DSP 220 can be configured to process signals received from the sensors 285, the
wireless interface 225 and/or the GNSS receiver 265 and may be configured to process
signals for or in conjunction with one or more modules implemented as processor-
readable, processor-executable software code stored in memory 260 and/or may be

configured process signals in conjunction with the processor 210.

[0033] The processor 210 can be an intelligent device, e.g., a personal computer central
processing unit (CPU) such as those made by Intel® Corporation or AMD®, a
microcontroller, an application specific integrated circuit (ASIC), etc. The memory 260
is a non-transitory storage device that can include random access memory (RAM), read-
only memory (ROM), or a combination thereof. The memory 260 can store processor-
readable, processor-executable software code containing instructions for controlling the
processor 210 to perform functions described herein (although the description may read
that the software performs the function(s)). The software can be loaded onto the

memory 260 by being downloaded via a network connection, uploaded from a disk, etc.

11



10

15

20

25

30

WO 2015/069510 PCT/US2014/062809

Further, the software may not be directly executable, e.g., requiring compiling before

execution.

[0034] The software in the memory 260 is configured to enable the processor 210 to
perform various actions, including implementing sending and/or receiving data from the
terrestrial transmitter 115, the macrocell base station 140, other mobile devices 120,

and/or other devices configured for wireless communication.

[0035] The sensors 285 can be configured to generate signals that the processor 210
and/or other components or modules of the mobile device 210 can used to determine the
acceleration, rotation, and/or orientation of the mobile device 120. For example, the
sensors 285 can include one or more microelectromechanical systems (MEMS) sensors,
magnetic sensors, compasses, altimeters, and/or other types of sensors that can generate
signals that can be used to determine a position of the mobile device 120. The signals
output by the sensors 285 can be used to assist in determining a position of the mobile
device 120 and may be used in conjunction with or instead of signal measurements

obtained by the wireless interface 265 and/or the GNSS receiver 265.

[0036] FIG. 3 is a functional block diagram of the mobile device 120 illustrated in FIG.
2 that illustrates functional modules of the memory 260 shown in FIG. 2. For example,
the mobile device 120 can include a lower power positioning method (LPPM) module
362, a user interface module 364, a position determination module 366, and a data
access module 368. The mobile device 120 illustrated in FIGs. 2 and 3 can be used to

implement the mobile device 120 associated with the processes illustrated in FIGs. 4-9.

[0037] The LPPM module 362 can be configured to implement the LPPM techniques
disclosed herein in conjunction with the GNSS receiver 265. The LPPM module 362
can be configured to interface with the GNSS receiver 265 of the mobile device 120 to
control power consumption associated with the GNSS receiver 265. For example, the
LPPM module 362 can be configured to control when the GNSS receiver 265 conducts
searches for signals from the GNSS satellite vehicles 170 (SVs). The LPPM module
362 can be configured to select a GNSS search mode in which to operate the GNSS
receiver 265 of the mobile device 120. The LPPM module 362 can be configured to

determine an estimated power consumption associated with execution of a GNSS search

12
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associated with one or more GNSS search modes and to select a GNSS search that does

not exceed a power consumption limit specified for the GNSS receiver 265.

[0038] The LPPM module 362 can be configured such that the total incremental
location power consumption (ILPC) associated with the GNSS receiver 265 of the
mobile device 120 does not exceed a predetermined threshold (also referred to herein as
the power consumption limit). The predetermined threshold can be determined as a
maximum allowable power consumption at any time, ¢.g., 1 milliamp (mA), which the
GNSS receiver is not allowed to exceed. The power consumption can be measured at
the battery of the mobile device 120. An estimate of the power consumption by other
components of the mobile device 120 can be determined and subtracted from the power
consumption measured at the battery to arrive at the power consumption associated with
the GNSS receiver 265. The predetermined threshold can also be specified as an
average allowable power consumption over a sliding time window of a predetermined
duration. For example, the predetermined threshold may be a defined as an average
allowable power consumption over a sliding one-hour window of time. The
predetermined threshold examples provided herein are intended to illustrate the
concepts disclosed herein and are not intended to limit the predetermine thresholds to

these amounts. Other predetermined thresholds may be defined.

[0039] In some implementations, the power consumption limit specified for the GNSS
receiver 265 can be specified as a hard limit or a soft limit. In implementations where
the power consumption limit is defined as a hard limit, the GNSS receiver 265 cannot
exceed the power consumption limit when performing a GNSS search, and the LPPM
module 362 can be configured to power down the GNSS receiver 265 and/or to cancel a
GNSS search if the LPPM module 362 determines that operating the GNSS receiver
265 would exceed the hard limit for power consumption. In implementations where the
power consumption limit is defined as a soft limit, the GNSS receiver 265 can exceed
the power consumption limit specified for the GNSS receiver if necessary, but the
LPPM module 362 can be configured to control the operation of the GNSS receiver 265
such that the average power consumption for the GNSS receiver 265 over a
predetermine period of time remains below the power consumption limit specified for

the GNSS receiver 265.
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[0040] The LPPM module 362 can be configured to take into account one or more of
the following factors when selecting a GNSS search mode: position uncertainty
(PUNC), time uncertainty (TUNC), GNSS signal conditions, GNSS search duration,
system resources available for conducting a GNSS search, size of the GNSS search
window, and/or sensor information indicative of positional changes. One or more of
these factors can be used to select a GNSS search mode for conducting GNSS searches
that also satisfies any power consumption limit that has been specified for the GNSS

receiver 265.

[0041] The LPPM module 362 can be configured to obtain position uncertainty (PUNC)
and time uncertainty (TUNC) information from the GNSS receiver 265 which can be
used to determine the search window that can be used to acquire signals of all of the
GNSS SVs simultaneously. The position of the mobile device 120 may be uncertain if
the position of the mobile device 120 has not been determined for some time or if the
mobile device 120 may have moved a significant distance since the last time that the
position of the mobile device 120 was determined (and thereby increasing the PUNC).
The time may be uncertain if the time has not been obtained recently from the GNSS
receiver 265 or from the network. The LPPM module 362 can be configured to
configure the GNSS receiver 265 to operate such that the power consumption by the
GNSS receiver 265 does not exceed the predetermined thresholds when maintaining the

estimates of the PUNC and TUNC.

[0042] The position engine of the GNSS receiver 265 can be configured to determine
the PUNC and the measurement engine of the GNSS receiver 265 can be configured to
determine the TUNC. TUNC can be expressed as units of time, and the PUNC can be
represented in units of distances, such as kilometers. The PUNC represents uncertainty
associated with a coarse position and the TUNC represents uncertainty associated with a
coarse time estimate. The coarse position and the coarse time can be determined in a
number of different ways. The GNSS receiver 265 can be configured to determine the
coarse position and the coarse time using multiple techniques and to select a coarse
position and a coarse time that are associated with a smallest uncertainty. For example,
the coarse position can be determined using signals from the terrestrial transmitters 115
and/or the macrocell base station 140. For example, the coarse position may be

determined using signals from WLAN wireless access points, from the cell IDs
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associated with one or more macrocell base stations 140 and/or one or more terrestrial
transceivers (e.g., femtocells, picocells, or microcells). The coarse position may also be
propagated from a previous position fix. A coarse time estimate may also be derived
from a network time and/or propagation from a previously known time in the receiver.

Other techniques may also be used to obtain the coarse position and the coarse time.

[0043] The PUNC and the TUNC estimates can be used to determine a search window
that the GNSS receiver 265 can use to acquire signals of all of the GNSS SVs
simultaneously. The search window, in the time domain, can be determined as the
summation of the GNSS receiver’s clock uncertainty and the signal time-of-arrival
uncertainty. The local clock uncertainty is represented as the TUNC value. The signal
time-of-arrival uncertainty is dependent on the PUNC. When the position uncertainty is

large, the signal time-of-arrival uncertainty will also be large.

[0044] The LPPM module 362 can be configured to operate using different GNSS
search modes based on the GNSS search window and available resources for acquiring
the signals of the SVs of the GNSS system or systems. In one example implementation,
the LPPM module 362 is configured to implement two different GNSS search modes
when the LPPM mode of the mobile device 120 is engaged, a low uncertainty mode and
a high uncertainty mode. Both the low uncertainty mode and the high uncertainty mode
can be used to keep the power consumption of the GNSS receiver 265 below the power
consumption limit specified for the GNSS receiver 265. However, the frequency and
the sensitivity of the GNSS searches performed differ between the GNSS search modes.
When operating in the low uncertainty mode, the GNSS search is completed more
frequently which can improve the accuracy of the position determination based on the
GNSS search results, but the overall sensitivity of the search can be decreased in order
to conserve power. In contrast, the when operating in the high uncertainty mode, the
GNSS search is completed less frequently but at a higher sensitivity, which can be used
to detect weak GNSS signals. The GNSS search associated with the high uncertainty
mode consumes more power than the low uncertainty mode. Accordingly, to keep the
average power consumption by the GNSS receiver 265 below the power consumption
limit specified for the GNSS receiver 265, the GNSS search associated with the high
uncertainty mode can be associated with a lower duty cycle than the GNSS search

associated with the low uncertainty mode.
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[0045] The GNSS search window associated with the low uncertainty mode is smaller
than that associated with the high uncertainty mode and should require less power to
execute the GNSS search for that search window than the GNSS search for the high
uncertainty mode which is associated with a larger search window. Accordingly, the
GNSS search associated with the low uncertainty mode may be conducted more
frequently than the GNSS search associated with the high uncertainty mode because the
search in the low uncertainty mode will typically consume less power than a search in
the high uncertainty mode. Because the GNSS search window is smaller, the GNSS
search will require less power to complete. In one example implementation to illustrate
this concept, the low uncertainty mode is associated with a maximum duty cycle of 1/40
Hz and is executed with a maximum total search time of 1 second, and the high
uncertainty mode is executed with a maximum GNSS duty cycle of 1/3600 Hz with a
maximum of total search time of 20 seconds. The GNSS search in the high uncertainty
mode can also be executed until a fix with accurate time and subsequently a base station

time calibration is performed.

[0046] The LPPM module 362 can also be configured to take into account other factors
when determining which GNSS search mode to select. For example, in some
implementations, the LPPM module 362 and/or the position determination module 366
can be configured to utilize information received from the sensors 285 to determine
whether the mobile device 120 is stationary or has been moved only a short distance.
For example, the sensors 285 can include a pedometer that tracks how many steps that
the user of the mobile device 120 has taken from a previously position of the mobile
device 120. Other types of sensors 285 can also be used instead of or in addition to
those discussed above to determine whether the mobile device has moved beyond a
threshold distance. If the LPPM module 362 has determined that the mobile device has
moved less than a predetermined distance, then the LPPM module 362 and/or the
position engine of the GNSS receiver 265 can be configured to limit the growth of the
PUNC since the position of the mobile device 120 does not appear to have changed
beyond a predetermined threshold based on the data received from the sensors 285. If
the position of the mobile device 120 has not changed, the LPPM module 362 can be

configured to reduce the frequency of GNSS searches and conserve power.
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[0047] The LPPM module 362 can also be configured to select a GNSS search mode
based on the search frequency associated with that search mode and GNSS signal
conditions. The LPPM module 362 can be configured to consider the GNSS search
frequency and GNSS signal conditions in addition to or instead of the other factors
discussed herein. For example, in one example implementation, the LPPM module 362
can be configured to select a duration of the GNSS search from a plurality of possible
durations, such as but not limited to 80 ms, 200 ms, 400 ms, and 1000 ms, based at least
in part on the GNSS signal strength as determined by the GNSS receiver 265. The
LPPM module 362 can be configured to receive the GNSS signals strength information
from the GNSS receiver 265. The LPPM module 362 can be configured to reduce the
duration of the GNSS search responsive to the GNSS signal strength being stronger and
to increase the duration of the GNSS search response to the GNSS signal strength being
weaker. The LPPM module 362 can be configured to use the GNSS signal search
information to determine a frequency for the GNSS searches that also meets the power

consumption requirements.

[0048] The LPPM module 362 can also be configured to conform to a power budget
and to select a GNSS search mode according to the power budget. The power budget
can be defined as an estimate amount of power that the GNSS receiver 265 can
consume over a predetermined period of time. For example, the LPPM module 362 can
be configured to monitor overall power usage over a period of time and to select a new
GNSS search mode that is likely to consume more or less power than a currently
selected GNSS search mode in order to meet the power budget. In one example
implementation, the LPPM module 362 can be configured to select a GNSS search
mode that consumes more power following a period of reduced GNSS search execution
and/or GNSS searches having a shorter duration. Because operating the GNSS receiver
265 in the previous GNSS search mode did not exceed the power budget, the LPPM
module 362 can operate the GNSS receiver 265 using a search mode that consumes
more power until the power budget is exhausted for that time period. The LPPM
module 362 can be configured to reassess the GNSS search mode based on the power
budget and/or the other factors discussed above and determine whether a new GNSS
search mode should be selected. In implementations where the LPPM module 362 is
configured to implement a power budget, the LPPM module 362 can be configured to
operate the GNSS receiver 265 at a power consumption level that exceeds the power
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consumption limit associated with the GNSS receiver 265 so long as the power budget

is satisfied.

[0049] The following example implementation illustrates how the power budget may be
implemented by the LPPM module 362. The LPPM module 362 can be configured to
monitor power consumption and to dynamically change the GNSS search mode under
which the GNSS receiver 265 is being operated. The LPPM module 362 can be
configured to operate the GNSS receiver 265 using a GNSS search mode that consumes
more power in response to power consumption by the mobile device 120 falling below
the power budget or to operate the GNSS receiver 265 using a GNSS search mode that
consumes less power in response to power consumption by the mobile device 120
exceeding the power budget. For example, the LPPM module 362 and/or the position
determination module 366 can detect that the mobile device 120 was stationary for a
period of time and/or only moved a short distance which resulted in the selection of a
GNSS search mode in which the frequency and/or duration of the GNSS search was
decreased, thereby reducing power consumption during this period. The LPPM module
362 and/or the position determination module 366 can be configured to make such a
determination using data received from the sensors 285 and/or using wireless signal
measurements obtained via the wireless interface 225. The LPPM module 362 can be
configured to determine how much power may be consumed to conduct searches using
the GNSS receiver 265 over a predetermined period of time associated with the power
budget while remaining within the power consumption limits associated with the power
budget and to select a GNSS search mode that has a higher frequency and/or search
duration based on this determination. The selected GNSS search mode may exceed the
power consumption limit associated with the GNSS receiver 265 for at least a period of
time while not exceeding the overall power budget. As a result, the LPPM module 362
may be able to provide a user of the mobile device 120 with more accurate positional
information that can be used to provide more accurate navigational results and/or
improved location information for other location-based services with exceeding the
power budget. Accordingly, the projected battery life of the mobile device 120 may not
be adversely affected or at least conform to an expected level of performance associated

with the power budget while providing more accurate positional information.
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[0050] While many of the example implementations provided herein include two
different GNSS search modes that define different duty cycles and total search times,
other implementations can include additional or different GNSS search modes that
provide different duty cycles and total search times that can cause the GNSS receiver
265 to consume different amounts of power. The LPPM module 362 can be configured
to select from a set of predetermined GNSS search modes that could be executed by the
GNSS receiver 265 and not exceed the power consumption limit specified for the GNSS
receiver 265. The LPPM module 362 can be configured to select an appropriate GNSS
search mode based on the search window and resources available for searching for
signals from the GNSS satellite vehicles (SVs) 170. The LPPM module 362 can
determine an estimated power consumption associated with execution of a GNSS search
associated with each GNSS search mode and can be configured to select a GNSS search
mode that has an estimated power consumption not exceed a power consumption limit
specified for the GNSS receiver 265. An example processes for selecting GNSS search
mode that can be implemented by the LPPM module 362 is illustrated in FIGs. 4-9 and

are discussed in detail below.

[0051] The LPPM module 362 can be configured to provide an external interface that
allows the LPPM techniques to be enabled and disabled on the mobile device 120
and/or for a power consumption limit to be set for the GNSS receiver 265. The power
consumption limit can be determined based on user input and/or on based on the input
of one or more applications running on the mobile device 120. An application that
requires more precise and/or up to date position information for the mobile device 120,
such as a navigation application, may set the power consumption limit to a higher
threshold than an application that does not require precise and/or up to date position

information for the mobile device 120.

[0052] The interface of the LPPM module 362 can also be configured to generate an
output in response to the LPPM logic of the LPPM module 362 engaging or disengaging
feature-specific GNSS search modes. The interface of the LPPM module 362 can also
be configured to provide an interface to receive position requests from applications or
other components or modules of the mobile device 120 and to generate a position report
in response to such a request. The position report can include various information

related to positioning and the LPPM logic, including position information, PUNC, time
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information, TUNC, and other status information related to the LPPM logic. The status
information can include information that specifies the availability of information
required to engage the LPPM functionality. The LPPM module 362 can be configured
to output the information to an application running on the mobile device 120 and/or to
the user interface module 364 which can be configured to display the information on a
display of the mobile device and/or otherwise output the information is a form that a

user of the mobile device 120 can receive.

[0053] The LPPM module 362 can be configured to engage and/or disengage the LPPM
techniques disclosed herein in response to a request from a user and/or from one or
more applications. For example, a user may select a power profile from a user interface
provided by the user interface module 364 of the mobile device 120 that prefers
extending battery life of the battery of the mobile device 120 over performance of
positioning and/or other applications of the mobile device 120. The LPPM module 362
can be configured to set the power consumption limit specified for the GNSS receiver
265 to a level that is appropriate for the desired battery life associated with the selected
power profile. The LPPM module 362 can be configured to determine the power
consumption limit based in part on other applications operating on the mobile device,
signal conditions in the radio environment in which the mobile device 120 is currently
located, and/or other considerations that may affect the amount of power consumed by
the GNSS receiver 265 and/or other components of the mobile device 120. The LPPM
module can also provide overrides for certain types of applications that can disengage
the LPPM logic and override the power consumption limit where accurate position
determination is critical. For example, the mobile device 120 can be configured such
that Enhanced 911 (E911) can override the power consumption limit in order to operate
the GNSS receiver 265 at whatever power level is necessary to attempt to obtain a
position of the mobile device 120 in order to provide emergency responders with
location information for rendering assistance to the caller. Other types of applications
may have different positioning accuracy requirements and may set the power

consumption limit to a different threshold value.

[0054] The LPPM module 362 can also be configured to receive asynchronous data
inputs from the sensors 285 and/or other inputs that can provide navigation related data.

For example, the LPPM module 362 can be configured to receive information from one
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or more motion sensors and/or inertial sensors that can be used to determine whether the
mobile device is stationary or moving. The position determination module 366 can also
be configured to receive data from one or more gyroscopic sensors that can be
configured to determine an orientation of the mobile device 120. Data from other
sensors, such as an altimeter, a compass, and/or other sensors configured to provide data
that can be used to determine a position of the mobile device 120. The LPPM module
362 can use the sensor information and/or signal measurements obtained from the
terrestrial transmitters 115 and/or the macrocell base stations 140 to determine whether
a position of the mobile device 120 can be determined within an acceptable level of
certainty using the sensor and/or signal information without needing to obtain GNSS
measurements in order to determine a position of the mobile device 120. The LPPM
module 362 can be configured to instruct the position determination module 366 to
estimate a position of the mobile device 120 using the available sensor information
and/or signal measurements obtained from the terrestrial transmitters 115 and/or the
macrocell base stations 140 to determine the position of the mobile device 120 where
using the GNSS receiver 265 would exceed the power consumption limit for the GNSS
receiver 265. The position determination module 366 can be configured to augment
information received from the GNSS receiver 265 with sensor information and/or signal
measurements obtained from the terrestrial transmitters 115 and/or the macrocell base
stations 140 where the LPPM module 362 is operating the GNSS receiver265 in a
power conserving mode and the signal quality of the GNSS signals is poor.
Accordingly, the position determination module 366 may be able to estimate a position
of the mobile device 120 given the information available to the position determination
module 366 without needing to configure the GNSS receiver 265 to operate at a power

level that would exceed the power consumption limit set for the GNSS receiver 265.

[0055] The user interface module 364 can be configured to provide a user interface that
allows a user to configure (means for configuring) one or more parameters associated
with the LPPM module 362. These parameters can be stored as LPPM configuration
information in the memory 260 of the mobile device. The user interface module 364
can be configured to provide a user interface that allows a user to select from one or
more predetermined power profiles associated with power consumption parameters for
operation of the LPPM module and/or other components of the mobile device 120. The
power profiles can be configured to set various operating parameters of the mobile
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device 120 to establish a desired battery life. For example, each predetermined power
profiles can be associated with a power consumption limit for the GNSS receiver 265
and/or other components of the mobile device 120 when operating under that
predetermined power profile. For example, a user of the mobile device may select from
a plurality of power profiles provided by the LPPM module 362 that provide a tradeoff
between performance and battery life. If the user selects a power profile associated with
higher performance and shorter battery life, the power consumption limit for the GNSS
receiver 265 may be set to a higher value than if the user were to select a power profile
associated with lower performance but better battery life. In another example, a
navigation application operating on the mobile device 120 may require a high accuracy
level for positioning information and may set the power consumption limit to a higher

threshold value while the navigation application is being operated on the mobile device.

[0056] The position determination module 366 can be configured to determine a
position of the mobile device 120. The position determination module 366 can be
configured to obtain measurements of signals from a plurality of terrestrial transmitters
115 to estimate the location of the mobile device 120 within an indoor environment in
various ways. For example, the position determination module 366 can be configured
to perform trilateration using signal measurements (e.g., RSSI (received signal strength
indication), RTT (round-trip time)), time of arrival (TOA), and/or disambiguate
between multiple possible disambiguation regions (e.g., floors) within an indoor
environment, ¢.g., using RSSI and/or RTT measurements and known locations of the
terrestrial transmitters 115 and/or macrocell base station 140. The position
determination module 366 can also be configured to determine the position of the
mobile device 120 using signals received from GNSS receiver 265 to determine the
position of the mobile device 120 when in a location where a line of site to a satellite
vehicles 170 from one or more SPS constellations are visible. The position
determination module 366 can be configured to use a combination of signal
measurements from the terrestrial transmitters 115, the macrocell base stations 140,
and/or the satellite vehicles 170 to determine the position of the mobile device 120. The
position determination module 366 can also be configured to receive information from
one or more sensors of the mobile device 120 that can be used to assist the position
determination module 366 in determining the position of the mobile device 120. For
example, the position determination module 366 can be configured to receive
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information from one or more motion sensors and/or inertial that can be used to
determine whether the mobile device is stationary or moving. The position
determination module 366 can also be configured to receive data from one or more
gyroscopic sensors that can be configured to determine an orientation of the mobile
device 120. Data from other sensors, such as an altimeter, a compass, and/or other
sensors configured to provide data that can be used by the position determination

module 366 to determine a position of the mobile device 120.

[0057] The position determination module 366 can be configured to receive assistance
data from a location server (not shown) and the position determination module 366 can
be configured to use the assistance data when determining a position of the mobile
device 120. The position determination module 366 can also be configured to collect
signal measurements from one or more the terrestrial transmitters 115, the macrocell
base stations 140, and/or the satellite vehicles 170 of one or more GNSS constellation
and to provide the collected signal measurements to the location server so that the
location server can determine the location of the mobile device. The position
determination module 366 can also be configured to provide sensor data collected by
the mobile device 120 to the location server which the location server may be able to

use to assist in determining the position of the mobile device 120.

[0058] The data access module 368 can be configured to store data in the memory 260
and/or other data storage devices associated with the mobile device 120. The data
access module 368 can also be configured to access data in the memory 260 and/or
other data storage devices associated with the mobile device 120. The data access
module 368 can be configured to receive requests from other modules and/or
components of the mobile device 120 and to store and/or access data stored in the

memory 260 and/or other data storage devices associated with the mobile device 120.

[0059] The LPPM module 362, in combination with one or more of the other modules
and/or other components of the mobile device 120, can be configured to implement
means for the various functions discussed herein. For example, the LPPM module 362
and/or other modules or components of the mobile device can provide means for
managing power consumption of the GNNS receiver of the mobile device 120, which
can include one or more of the following: means for deriving a GNSS search window

for the GNSS receiver based on a position uncertainty (PUNC) and a time uncertainty
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(TUNC); means for selecting a GNSS search mode based on the GNSS search window
and resources available for searching for signals from GNSS satellite vehicles (SVs),
where an estimated power consumption associated with execution of a GNSS search
associated with the GNSS search mode does not exceed a power consumption limit
specified for the GNSS receiver; means for conducting the GNSS search using the
GNSS search mode; and means for estimating a position of the mobile device based at
least in part on results of the GNSS search. The LPPM module 362 and/or other
modules or components of the mobile device can also implement one or more of the
following means for determining the PUNC associated with the position of the mobile
device, and means for selecting the GNSS search mode at least in part based on the
PUNC; means for estimating the position of the mobile device based at least in part on
results of the GNSS search; means for selecting the GNSS search mode from a low
uncertainty mode and a high uncertainty mode, the low uncertainty mode being
associated a smaller search window and a higher duty cycle, the high uncertainty mode
being associated with a larger search window and a lower duty cycle; means for
selecting the low uncertainty mode based at least one of sensor data information and
GNSS signal strength information; means for selecting the low uncertainty mode as the
GNSS search mode responsive to the estimated power consumption required to support
the GNSS search window being less than or equal to the resources available for
concurrently searching for signals from GNSS SVs; and means for selecting the high
uncertainty mode as the GNSS search mode responsive to the estimated power
consumption required to support the GNSS search window being greater than the
resources available for concurrently searching for signals from GNSS SVs; means for
estimating the position of the mobile device without using results of the GNSS search
responsive to the estimated power consumption required to support the GNSS search
window at the GNSS receiver exceeding the resources available for concurrently
searching for signals from GNSS SVs by a predetermined threshold; means for
receiving the power consumption limit for the GNSS receiver 265 from an application
running on the mobile device; means for determining the power consumption limit
specified for the GNSS receiver based on an accuracy requirement of at least one
application running on the mobile device; means for obtaining additional position
estimate information from at least one additional source of position related information

other than the GNSS receiver; means for estimating the position of the mobile device
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using the results of the GNSS search and the additional position estimate information;
means for obtaining additional position estimate information comprising signal
information from at least one terrestrial wireless transceivers proximate to the mobile
device and signal information from at least one motion sensor associated with the
mobile device; means for determining whether the mobile device is receiving power
from an external power source or from a batter associated with the mobile device and
means for specifying a power consumption limit for the GNSS receiver 265 based at
least in part on this information; means for determining whether the mobile device is
receiving power from an external power source or from a batter associated with the
mobile device and means for specifying a power consumption limit for the GNSS
receiver 265 based at least in part on this information; means for operating the GNSS
receiver 265 in a low power state in which the GNSS search is not conducted responsive
to determining that the GNSS search would exceed the hard limit; means for selecting
the GNSS search mode comprises selecting a GNSS search mode associated with an
estimated power consumption that exceeds the power consumption limit specified for
the GNSS receiver but does not exceed the power budget for the GNSS receiver; and
means for receiving a user input from an application running on the mobile device and

for setting the power consumption limit based at least in part on the input from the user.

Example Implementations

[0060] FIG. 4 is a flow diagram of a process for managing power consumption of a
GNSS receiver of a mobile device. The process illustrated in FIG. 4 can be
implemented by the mobile device 120 discussed above. The LPPM module 362 of the
mobile device can be configured to perform the steps associated with FIG. 4 unless
otherwise noted. Some steps may also be performed by the position determination
module or the GNSS receiver 265 of the mobile device 120. The process illustrated in
FIG. 4 can be performed if the LPPM functionality of the mobile device 120 is
activated. As discussed above, the LPPM functionality of the mobile device 120 can be
activated in response to a user request and/or in response to a request from one or more

applications operating on the mobile device 120.

[0061] A GNSS scarch window for the GNSS receiver can be determined based on the
position uncertainty (PUNC) and a time uncertainty (TUNC) maintained by the receiver

(stage 405). The size of the search window to be used by the GNSS receiver can
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depend on the position uncertainty (PUNC) associated with the position of the mobile
device 120. The position of the mobile device 120 may not have been determined
recently and/or the mobile device 120 may have moved a significant distance since the
last time that the position of the mobile device 120 has been determined. The time
uncertainty (TUNC) associated with the mobile device 120 is related to the amount of
time that the GNSS receiver may need to listen for signals from a GNSS SV. Signals
from the SV take time to propagate to the mobile device 120 and that time is dependent
upon how far the SV is from the mobile device 120. If the position of the mobile device
120 is uncertain, this introduces uncertainty with respect to how long the GNSS receiver

will need to listen to acquire the signal for the GNSS SV.

180621 A GNSS search mode can then be selected for the GNSS receiver 265 (stage
410). In some implementations, the GNSS search mode can be selected based on the
search window and resources available for searching for signals from GNSS satellite
vehicles (SVs) 170 and/or other factors discussed below. In some implementations, the
GNSS search mode may be selected from a low uncertainty mode, a high uncertainty
mode, and a no-search or alternate search mode. In other implementations, the GNSS
search mode can be selected from a plurality of GNSS search modes. Each of the
GNSS search modes can be associated with different search frequencies, search window
sizes, and/or durations. The LPPM module 362 can be configured to select a GNSS
search mode that satisfies a power consumption limit that has been specified for the
GNSS receiver265. One or more of the following factors can be taken into account
when selecting a GNSS search mode: position uncertainty (PUNC), time uncertainty
(TUNC), GNSS signal conditions, GNSS search duration, system resources available
for conducting a GNSS search, size of the GNSS search window, and/or sensor
information indicative of positional changes. Other factors discussed herein may also
be considered when selecting the GNSS search mode. One or more of these factors can
be used to select a GNSS search mode for conducting GNSS searches that also satisfies

any power consumption limit that has been specified for the GNSS receiver 265.

[0063] In one example implementation, the low uncertainty mode is associated with a
smaller search window than the high uncertainty mode and requires less power than the

high uncertainty mode. The GNSS search mode can be selected from the low
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uncertainty mode and the high uncertainty mode based on the search window and

resources available for searching for signals from GNSS SVs.

[0064] In one example implementation, the selection of the low uncertainty mode or the
high uncertainty mode can be made taking into account the size of the search window
and the available system resources for conducting a search. A determination of
estimated resources required to support the GNSS search window at the GNSS receiver
can be determined. For example, in one implementation, the GNSS engine of the GNSS
receiver 265 is configured to periodically compute the total code & Doppler search
space, where the search window W represents the total code and Doppler search space
required to acquire all GNSS SVs simultanecously, and where S represents the total
search capacity for the GNSS engine of the GNSS receiver 265. W and S can be
expressed as units of time, such as microseconds. W can represent the total time
uncertainty associated with all of the visible SVs, and S can represent the time domain
associated with the total search capacity of the GNSS engine of the GNSS receiver 265.
TUNC can be expressed as units of time, and the PUNC can be represented in units of

distances, such as kilometers.

[0065] The LPPM module 362 can be configured to select an appropriate search mode
based on the search window and the resources available for conducting the search. In
one example implementation, if the W < S, then the LPPM module 362 can be
configured to select the low uncertainty mode for operating the GNSS receiver 265.
When operating in the low uncertainty mode, the GNSS search can be completed more
often but the overall sensitivity of the search may be decreased in order to conserve
power and to keep power consumption below a power consumption limit associated
with the GNSS receiver 265. The LPPM module 362 can be configured to continue to
operate the GNSS receiver 265 in the low uncertainty mode while the PUNC and the
TUNC to be remain below predetermined thresholds associated with each of these
uncertainty values. If the PUNC and/or TUNC exceeds these predetermined thresholds,
the LPPM module 362 can be configured to operate in the high uncertainty mode or
another uncertainty mode which has a higher duty cycle but may have a decreased
overall sensitivity in order to keep the average power consumption associated with the

GNSS receiver 265 below the power consumption limit GNSS receiver 265.
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[0066] While the example implementation described above includes only a low
uncertainty mode and a high uncertainty mode, other implementations from which the
GNSS search mode may be selected from a plurality of search modes and the techniques
discussed herein are not limited to only a low uncertainty mode and a high uncertainty
mode. Example processes for selecting a GNSS search mode are illustrated in FIG. 5-9
and are described in detail below. Furthermore, in some situations, no GNSS search
may be performed. For example, if the size of the GNSS search window exceeds the

predetermined portion of the total search capacity of the GNSS engine.

[0067] Other factors can also be considered when determining a GNSS search mode.
For example, the LPPM module 362 and/or the position determination module 366 can
be configured to utilize information received from the sensors 285 to determine whether
the mobile device 120 is stationary or has been moved only a short distance and to limit
the growth of the PUNC since the uncertainty in the position of the mobile device 120
should not change significantly if the device is stationary or has only moved a short
distance. If the position of the mobile device 120 has not changed, the LPPM module

362 can be configured to reduce the frequency of GNSS searches and conserve power.

[0068] The GNSS search mode can also or alternatively be selected based on a search
frequency associated with that search mode and that is appropriate for the GNSS signal
conditions. For example, the search frequency and/or the search duration may be
reduced where the GNSS signals strength is stronger than a first threshold and the
search frequency and/or the search frequency may be increased responsive to the GNSS
signal strength being less than a second threshold. As the GNSS signal conditions
change over time, the LPPM module 362 can be configured to select a new GNSS
search mode having a search duration and/or search frequency that is more appropriate
the new GNSS signal conditions. Accordingly, the frequency and/or duration of the
GNSS search frequency may be adjusted according to the GNSS signal conditions but
the LPPM module 362 can be configured to select a shortest search duration and/or
frequency for the current GNSS signal conditions that also does not exceed the power

consumption limit associated with the GNSS receiver 265 (if any).

[0069] A GNSS search using the selected search mode can then be conducted (stage
415). The LPPM module 362 can be configured to configure the GNSS receiver to

operate according to the operating parameters defined for the selected GNSS search
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mode. Some example operating parameters associated with each of the GNSS search
modes are discussed above. While the example implementations provided herein
include two different GNSS search modes that define different duty cycles and total
search times, other implementations can include additional or different GNSS search
modes that provide different duty cycles and total search times that are associated with
different estimated power associated with execution of a GNSS search associated with

the GNSS search mode does not exceed a power consumption limit specified for the

GNSS receiver 265.

[0070] A position of the mobile device 120 can then be determined (stage 420). The
position of the mobile device can be determined by the position determination module
366 in response to a request from the LPPM module 362. The position of the mobile
device 120 can be determined using signals obtained from signals from SVs obtained
during the GNSS search and/or signals from one or more terrestrial transmitters 115,

one or more macrocell base stations 140, and/or sensors associated with the mobile

device 120.

[0071] FIG. 5 is a flow diagram of a process for selecting a GNSS search mode. The
process illustrated in FIG. 5 can be implemented by the mobile device 120 discussed
above. The LPPM module 362 of the mobile device can be configured to perform the
steps associated with FIG. § unless otherwise noted. The process illustrated in FIG. 5
can be used to implement stage 410 of the process illustrated in FIG. 4. In some
implementations, the order in which the stages of the process illustrated in the example
illustrated FIG. 5 and one or more of the stages of the process may be omitted and other

stages may be included that are not shown in FIG. 5.

[0072] LPPM configuration information can be accessed (stage 505). The LPPM
configuration information may be stored in the memory 260 of the mobile device 120,
and the LPPM module 362 can be configured to request the LPPM configuration
information from the data access module 368 which can access the memory 260 to
retrieve the LPPM configuration information. The LPPM configuration information can
include parameters used by the LPPM module 362 for configuring the operation of the
LPPM techniques disclosed herein. The LPPM configuration information can include a
parameter that indicates whether the LPPM functionality is engaged or disengaged.

The LPPM module 362 can be configured to provide an interface that allows the LPPM
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functionality of the mobile device 120 to be engaged or disengaged. The mobile device
120 can include a user interface provided by the user interface module 364. The LPPM
module 362 can provide an API that allows one or more applications on the mobile
device to engage or disengage the LPPM functionality. The LPPM module 362 can also
be configured to receive a power profile selection from one or more applications. For
example, the mobile device 120 may include a navigation application that requires very
accurate positioning information that can be configured to disable the LPPM
functionality in order to provide a good user experience while potentially sacrificing
battery life of the mobile device 120. The LPPM information may also include
information that indicates that the LPPM functionality has been engaged and that a
particular power profile has been selected from a plurality of power profiles. The power
profile may have been selected by a user of the mobile device, by the LPPM module
362, or by an application running on the mobile device 120. The LPPM configuration
information can also define a power consumption limit for the GNSS receiver 265
and/or other components of the mobile device 120. The power consumption limit may
be associated with a power profile and/or may be defined by an application running on
the mobile device 120 or may be determined based on user input. For example, a user
of the mobile device 120 may select a power profile that may provide higher location
accuracy with potentially decreased battery life or may select a power profile that

provides longer battery life but may provide lower location accuracy.

[0073] A determination whether LPPM is engaged can be made (stage 510). The
LPPM module 362 can determine whether the LPPM functionality has been engaged or
disengaged based on the LPPM configuration accessed in stage 510. If the LPPM
functionality is not engaged, the LPPM module 362 can be configured to operate the
GNSS receiver in a “no power consumption limit” mode in which the LPPM module
362 does not control the duty cycle and/or monitor the power consumption of the GNSS
receiver 265. If the LPMM functionality is engaged, a GNSS search mode can be
selected according to the LPPM configuration information (stage 520). The LPPM
module 362 can be configured to select an appropriate power profile for operating the
GNSS receiver 265 if the LPPM configuration information indicates that the LPPM
functionality has been engaged. Example processes that can be used for selecting a

GNSS search mode are illustrated in FIGs. 6 and 7.
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[0074] FIG. 6 is a flow diagram of a process for selecting a GNSS search mode. The
process illustrated in FIG. 6 can be implemented by the mobile device 120 discussed
above. The LPPM module 362 of the mobile device can be configured to perform the
steps associated with FIG. 6 unless otherwise noted. Some steps may also be
performed by the position determination module or the GNSS receiver 265 of the
mobile device 120. The process illustrated in FIG. 6 can be used to implement stage
410 of the process illustrated in FIG. 4 or stage 520 of the process illustrated in FIG. 5.
In some implementations, the order in which the stages of the process illustrated in the
example illustrated FIG. 6 and one or more of the stages of the process may be omitted

and other stages may be included that are not shown in FIG. 6.

[0075] A power consumption required to support GNSS search window can be
estimated (stage 605). The LPPM module 362 can be configured to use the GNSS
search window information derived from the PUNC and the TUNC to estimate the
resources that would be required to perform the search. Other considerations, such as
the type of GNSS receiver included in the mobile device 120 can also be considered
when estimating the power consumption required to support the GNSS search window.
For example, for a given GNSS receiver, the unit power cost of the may be well defined
by the search window size and the duration of the search, and the LPPM module 362
can be configured to access this information to determine an estimate of the power
consumption required to support the GNSS search window. For example, the power
consumption information for the GNSS receiver may be stored in the memory 260 of
the mobile device 120 and the LPPM module 362 can be configured to access this
information from the memory 260. Another consideration that the LPPM module 362
can take into consideration when estimating the resource that would be required to
conduct a GNSS search is GNSS search acquisition integration time. The GNSS search
acquisition integration time can be expressed as a unit of time, ¢.g. in seconds, and the
LPPM module 362 can be configure to select different integration times for the GPS
receiver 265 in order to adjust the power consumption of the receiver. Increasing the
GNSS search acquisition integration time can increases the time that the GNSS receiver
265 is powered on and can conduct an integration search. Accordingly, power
consumption of the GNSS receiver 265 can be adjusted by adjusting the GNSS search
acquisition integration time, but a shorter GNSS search acquisition integration time can
result in decreased sensitivity. Decreasing the sensitivity can result in the GNSS
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receiver 265 being unable to acquire a weaker GN SS signal. For example, operating
the GNSS receiver 265 with a 1 second GNSS search acquisition integration time would
be likely to result in the in the GNSS receiver 265 consuming less power than operating
the GNSS receiver 265 using a 3 second GNSS search acquisition integration time. In
some implementations, the LPPM module 362 can be configured to select a GNSS
search mode based on the power consumption limit associated with the GNSS receiver
265 and the GNSS search window. The LPPM module 362 can then select a GNSS
search acquisition integration time based on the GNSS search mode selected, the power
consumption limit, and the GNSS search window. Accordingly, the LPPM module 362
may not achieve a specific sensitivity target and may instead provide a “best effort”

sensitivity based on the factors discussed above.

[0076] An estimate of resources available for concurrently searching for GNSS signals
can be determined (stage 610). The estimate of the resources available for conducting
the search for GNSS signals can be determined based on various parameters associated
with the mobile device 120. For example, the estimated resources can take into account
any applications that are currently operating on the mobile device, the current battery
charge levels, projected battery requirements to support any currently running
applications or processes and/or applications or processes that are scheduled to run on
the mobile device 120. The LPPM module 362 can also be configured to take into
account available memory on the mobile device 120, processors computation cycles,
and/or data transmission bandwidth / bus bandwidth that are currently allocated to the
GNSS receiver 265. The estimate of resources available conducting the search for
GNSS signals can be expressed in terms of a total search capacity for the GNSS
receiver 265 given the various constraints on the resources of the mobile device 120 as

how much of those resources can be devoted to performing the GNSS search.

[0077] The estimated resources available and estimated power consumption can be
compared (stage 615). The LPPM module 362 of the mobile device can be configured
to compare the estimated resources available and the estimated power consumption. A
determination can be made whether the estimated power consumption required to
support the GNSS search exceeds the available resources of the mobile device 120
(stage 620). If the estimated power consumption associated with the GNSS search

exceeds the available resources on the mobile device, the LPPM module 362 can be
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configured to not conduct a GNSS search. The LPPM module 362 can be configured to
not take into account any power consumption limit that has been defined for the mobile
device 120 when determining whether there are sufficient resources to perform the
GNSS search. The LPPM module 362 can be configured to consider the power

consumption limit when determining which GNSS search mode to select.

[0078] If the estimated power consumption required to support the GNSS search
exceeds the available resources of the mobile device 120, an alternate source mode can
be selected for determining the location of the mobile device 120 (stage 625). The
LPPM module 362 can be configured to operate using an alternative source mode to
obtain information that can be used to determine the location of the mobile device. For
example, the LPPM module 362 can be configured to instruct the position determination
module 366 to obtain assistance data from one or more network servers, such as a
location server. The LPPM module 362 can also be configured to instruct the position
determination module 366 to use signals from one or more wireless transmitters, such as
wireless local area network (WLAN) wireless access points, wireless wide area network
(WWAN) base stations, and/or other wireless transmitters having a known location that
can be used to determine the location of the mobile device 120 based on signal
measurements of signals transmitted by the wireless transmitters. The LPPM module
362 can also be configured to instruct the position determination module 366 to send the
wireless measurements to a location server which can in turn determine the position of
the mobile device 120. The LPPM module 362 can also be configured to use other
positioning technique that do not require signals from one or more GNSS satellite

vehicles to determine the location of the mobile device 120.

[0079] If the estimated power consumption required to support the GNSS search does
not exceed the available resources of the mobile device 120, a determination can be
made whether the estimated power consumption exceeds a power consumption limit
associated with the GNSS receiver 265 of the mobile device (stage 630). In some
implementations, the power consumption limit can specify how much power may be
consumed by the GNSS receiver 265 of the mobile device at any one time. In other
implementations, the power consumption limit can be used to specify a total amount of
power that may be consumed by the mobile device 120 as a whole over a predetermined

period of time. For example, the power consumption limit can be defined as an average
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power consumption limit for either GNSS receiver 265 or for the mobile device 120 as a
whole over a predetermined period of time. The power consumption limit may be
determined for the mobile device 120 in a variety of ways. The power consumption
limit may be defined by an application running on the mobile device. For example, the
mobile device 120 may include a power management application that allows a user of
the mobile device to select a power profile for the mobile device that can be used to
configure various operating parameters of the mobile device. Some power profiles may
favor longer battery life by controlling and/or reducing the power consumption by
various components of the mobile device 120, such as the GNSS receiver 265. Other
power profiles may favor performance over battery life by allowing components of the
mobile device 120, such as the GNSS receiver 265, to use available processing and
power resources to provide at least a minimum level of performance associated with
cach of the power profiles. The power consumption limits can also be defined by an
application running on the mobile device. For example, the LPPM module 362 can be
configured to associate certain applications, such as e-911 applications, with a power
consumption limit that allows the application to make full use of the all available
resources, because the application is intended to be used to locate the mobile device 120
in the event of an emergency and requires very accurate position information. In
contrast, the LPPM module 362 may be configured to associate other applications, such
as navigation applications, with a power consumption limit that is somewhat less that
that associated with the e-911 application. A navigation application may obtain position
information from the GNSS receiver 265 and could require frequent position updates
and very accurate position determination, but the performance of the navigation
application can be balanced with the overall power consumption by the mobile device
120 and the navigation application may be associated with a power consumption limit
that is lower than that of the e-911 application. The LPPM module 362 can also be
configured to specify a power consumption limit for one or more applications based on
whether the mobile device 120 is receiving power from an external power source or
from a battery associated with the mobile device 120. The LPPM module 362 can be
configured to associate higher power consumption limits where the mobile device 120 is
receiving power from an external power source, and the LPPM module 362 can also be
configured to disable to LPPM techniques where the mobile device 120 is receiving

power from an external power source.
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[0080] If the estimated power consumption required to support the GNSS search
exceeds the power consumption limit associated with the GNSS receiver 265 of the
mobile device 120, a determination can be made whether the power consumption limit
is a hard threshold that cannot be exceeded (stage 635). Where the power consumption
limit is defined as a hard limit, the LPPM module 362 can be configured to operate the
GNSS receiver 265 and/or other components of the mobile device 120, such that the
estimated power consumption for GNSS receiver 265 and/or the other components of
the mobile device 120 does not exceed the power consumption limit. If the power
consumption limit is a hard limit that cannot be exceeded, the process can continue with
stage 625 where an alternate source mode can be selected for determining the location
of the mobile device 120 as described above. The LPPM module 362 can be configured
to operate GNSS receiver 265 in a low power state in which a GNSS search is not
conducting using the GNSS receiver 265, and the position determination module 366
can be configured to obtain positioning information from alternative sources that may
be used to estimate the position of the mobile device. Otherwise, if the threshold is not
a hard threshold, then the process can proceed to stage 640. In some implementation
where the power consumption limit is not a hard limit, the power consumption limit can
be associated with an overshoot amount that determines much the estimated power
consumption may exceed the power consumption limit. In some implementations, the
overshoot amount can be expressed as a percentage of the power consumption limit and
can be a predetermined percentage that is applied to all GNSS search mode selection.

In other implementations, the overshoot amount may be defined based on the types of
applications that are operating on the mobile device that may require location

information and an accuracy level of the data required by the applications.

[0081] A GNSS scarch mode can be selected based on size of search window and
estimated search capacity (stage 640). The LPPM module 362 can be configured to
select a GNSS search mode based on the size of the search window and based on the
estimated search capacity of the mobile device 120. In some implementations, the
LPPM module 362 is configured to select from a low certainty mode and a high
certainty mode. In other implementations, the LPPM module 362 is configured to
select from a multiple GNSS search modes, and the GNSS search modes can be
associated with varying levels of certainty. FIG. 7 illustrates an example of a process
that can be used to select a GNSS mode where a high certainty and a low certainty
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mode are available. FIG. 8 illustrates an example of a process that can be used to select

from multiple GNSS search modes.

[0082] FIG. 7 is a flow is a flow diagram of a process for selecting a GNSS search
mode from a low uncertainty search mode and a high uncertainty search mode. The
process illustrated in FIG. 7 can be implemented by the mobile device 120 discussed
above. The LPPM module 362 of the mobile device can be configured to perform the
steps associated with FIG. 7 unless otherwise noted. Some steps may also be
performed by the position determination module 366 or the GNSS receiver 265 of the
mobile device 120. The process illustrated in FIG. 7 can be used to implement stage
410 of the process illustrated in FIG. 4, stage 520 of the process illustrated in FIG. §, or
stage 640 of the process illustrated in FIG. 6. In some implementations, the order in
which the stages of the process illustrated in the example illustrated FIG. 7 and one or
more of the stages of the process may be omitted and other stages may be included that
are not shown in FIG. 7. The example process illustrated in FIG. 7 is configured to
select from a high certainty mode and a low uncertainty mode for operating the GNSS

receiver 265.

[0083] GNSS search mode selection criteria can be accessed (stage 705). The LPPM
module 362 can be configured to access GNSS search mode selection criteria that can
be used to determine which GNSS search mode should be selected based on various
parameters, such as the size of the search window derived based on the PUNC and the
TUNC, the resources available for conducting the GNSS search, and/or other
parameters, such as whether the mobile device 120 is connected to an external power
source. The GNSS search mode selection criteria can be stored in memory 260 of the
mobile device, and the LPPM module 362 can request that the data access module 368
retrieve the GNSS search mode selection criteria from the memory 260 of the mobile
device 120. In some implementations, the GNSS search mode selection criteria can be
stored in the memory 260 of the mobile device 120 by the manufacturer of the mobile
device. In other implementations, the GNSS search mode selection criteria may be
stored in the memory 260 of the mobile device 120 by a wireless carrier associated with
the mobile device. The GNSS search mode selection criteria may be stored in the
memory 260 of the mobile device 120 at the time that the mobile device 120 is

configured to operate with the wireless network provided by the wireless carrier. The
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GNSS search mode selection criteria can also be pushed to the mobile device 120 by the
mobile carrier via the wireless network for storage in the memory 260 of the mobile
device 120. In some implementations, the mobile device 120 can also be configured to
contact a remote server, which may or may not be part of the wireless network provided
by the mobile carrier associated with the mobile device, download the GNSS search

mode selection criteria to the mobile device 120.

[0084] A determination can be made whether the GNSS search mode criteria for the
low uncertainty mode has been satisfied (stage 710). In one example implementation,
the GNSS search mode criteria for selecting a GNSS search mode from the low
uncertainty mode and the high uncertainty mode can be expressed as follows: W <,
where the search window W represents the total code and Doppler search space
required to acquire all GNSS SVs simultaneously, and where S represents the total
search capacity for the GNSS engine of the GNSS receiver 265. If the size of the search
window W is less than the size of the total search capacity S of the GNSS receiver 265,
then the GNSS search mode criteria for selecting the low uncertainty mode has been
satisfied. Otherwise, if the size of the search window W is not less than the available
search capacity, the GNSS search mode criteria for selecting the low uncertainty mode
has not been satisfied and the high uncertainty search mode will be selected. In other
example implementations, the GNSS search mode criteria for selecting a GNSS search
mode can take into account considerations such as the PUNC and the TUNC. For
example, the LPPM module 362 can be configured to select an appropriate search mode
based on the search window and the resources available for conducting the search. In
one example implementation, if the W < S, then the LPPM module 362 can be
configured to select the low uncertainty mode for operating the GNSS receiver 265.
When operating in the low uncertainty mode, the GNSS search can be completed more
often but the overall sensitivity of the search may be decreased in order to conserve
power and to keep power consumption below a power consumption limit associated
with the GNSS receiver 265. The LPPM module 362 can be configured to continue to
operate the GNSS receiver 265 in the low uncertainty mode while the PUNC and the
TUNC to be remain below predetermined thresholds associated with each of these
uncertainty values. If the PUNC and/or TUNC exceeds these predetermined thresholds,
the LPPM module 362 can be configured to operate in the high uncertainty mode or
another uncertainty mode which has a higher duty cycle but may have a decreased
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overall sensitivity in order to keep the average power consumption associated with the

GNSS receiver 265 below the power consumption limit GNSS receiver 265.

[0085] If the GNSS search mode criteria for low uncertainty mode has been satisfied,
the LPPM module 362 can select the low uncertainty GNSS search mode (stage 715).
When operating in the low uncertainty mode, the GNSS receiver 265 the frequency of
the GNSS search can be conducted more often than when the GNSS receiver 265 is
operating in the high uncertainty mode. However, the overall sensitivity of the search
may be lower when operating in the low uncertainty mode rather than the high
uncertainty mode. Otherwise if the GNSS search mode criteria for low uncertainty
mode has not been satisfied, the LPPM module 362 can select the high uncertainty
GNSS search mode (stage 720). When operating in the high uncertainty mode, the
GNSS receiver 265 the frequency of the GNSS search can be conducted less often than
when the GNSS receiver 265 is operating in the low uncertainty mode. The overall
sensitivity of the search may be higher when operating in the high uncertainty mode
rather than the low uncertainty mode. The low uncertainty mode or the high uncertainty
mode can be selected based on the whether the GNSS search mode criteria have been
satisfied, which may include considerations such as the size of the GNSS search
window, the PUNC, the TUNC, and/or other considerations. Both the low uncertainty
mode and the high uncertainty mode can be configured to keep the overall power
consumption of the GNSS receiver 265 below the power consumption limit specified

for the GNSS receiver 265.

[0086] FIG. 8 is a flow is a flow diagram of a process for selecting a GNSS search
mode from multiple GNSS search modes. The process illustrated in FIG. 8 can be
implemented by the mobile device 120 discussed above. The LPPM module 362 of the
mobile device can be configured to perform the steps associated with FIG. 8 unless
otherwise noted. Some steps may also be performed by the position determination
module 366 or the GNSS receiver 265 of the mobile device 120. The process illustrated
in FIG. 8 can be used to implement stage 410 of the process illustrated in FIG. 4, stage
520 of the process illustrated in FIG. 5§, or stage 640 of the process illustrated in FIG. 6.
In some implementations, the order in which the stages of the process illustrated in the
example illustrated FIG. 8 and one or more of the stages of the process may be omitted

and other stages may be included that are not shown in FIG. 8. The example process
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illustrated in FIG. 8 is configured to select from a high certainty mode and a low

uncertainty mode for operating the GNSS receiver 265.

[0087] GNSS search mode selection criteria can be accessed (stage 805). The LPPM
module 362 can be configured to access GNSS search mode selection criteria that can
be used to select a GNSS search mode. The GNSS search mode selection criteria can
associate each of a set of search modes with criteria that the LPPM mode 362 can use to
determine which GNSS search mode (if any) to select. The GNSS search mode
selection criteria can define one or more GNSS search modes and the selection criteria
that can be used to determine which of the GNSS search modes to use. The GNSS
search mode selection criteria can also define criteria that can be used to determine
circumstances under which no GNSS search should be conducted. The selection criteria
can include the estimated size of the GNSS search window, the estimated resources
available for conducting the GNSS search, the PUNC, the TUNC, the power
consumption limit, and/or other criteria that can be used to determine that a particular
GNSS search mode may be most effective in acquiring measurements of signals from
the GNSS satellites 170 that can be used to determine a position of the mobile device
while maintaining the power consumption associated with the GNSS receiver 265

below the power consumption limit.

[0088] The GNSS search mode selection criteria can be compared to GNSS information
(stage 810). The GNSS search information can include information associated with
conducting the GNSS search and/or information about the GNSS receiver 265. For
example, the GNSS information can include the GNSS search window, the PUNC, the
TUNC, the estimated amount of resources required to conduct the GNSS search, the
available resources for conducting the GNSS search, and/or other information. The
GNSS information may also include information about the type of GNSS receiver 265
included in the mobile device 120, which can be used to estimate the power
consumption associated with the GNSS receiver 265. The GNSS information may be
determined in part by the LPPM module 265 using the various processes described
herein. Some of the GNSS information may be accessed from the memory 260 of the
mobile device 120, such as configuration information and/or information identifying the

type of GNSS receiver 265 included in the mobile device 120.
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[0089] A GNSS search mode can be selected based on the results of the comparison
(stage 815). The LPPM module 362 can be configured select a GNSS search mode
from the multiple GNSS search modes associated with the GNSS search mode selection
criteria based on the comparison of the GNSS information. The LPPM module 362 can
compare the GNSS information with the GNSS selection mode criteria to determine
whether the selection mode criteria associated with any of the GNSS search modes
included in the GNSS search mode selection criteria have been satisfied. If more than
one of the GNSS search mode selection criteria have been satisfied for more than one
GNSS search mode, the LPPM module 362 can be configured to select a GNSS search
mode with a higher duty cycle that operates the GNSS receiver 265 more frequently
than the other GNSS search modes associated with the GNSS search mode criteria that
were satisfied. In other implementations, the LPPM module 362 can be configured to
select a GNSS search mode with a more infrequent duty cycle but may provide

increased sensitivity.

[0090] FIG. 9 is a flow diagram of a process for conducting a position determination
for a mobile device 120 using an alternative source mode which uses position
information from sources other than GNSS receivers. The process illustrated in FIG. 9
can be implemented by the position determination module 366 and/or other modules of
the mobile device 120. The process illustrated in FIG. 9 can be used to estimate a
position of the mobile device 120 if the LPPM module 362 determines that no GNSS
search is to be conducted. This may also be referred to as operating the position
determination module 366 and/or other modules of the mobile device in an alternate
source mode where the position of the mobile device 120 is estimated using information
that is not received from the GNSS receiver 265. The method illustrated in FIG. 9 can
be used to implement stage 420 of the process illustrated in FIG. 4, and may be used to
estimate the position of the mobile device 120 following stage 625 of the process

illustrated in FIG. 6.

[0091] Position related information can be obtained from at least one source other than
a GNSS receiver (stage 905). The position determination module 366 can be configured
to estimate the location of the mobile device 120 using information from sources other
than the GNSS receiver 265. For example, the position determination module 366 can

be configured to measure signals from one or more wireless base stations, such as the
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terrestrial transmitter 115 and the macrocell base station 140, and obtain timing
measurements (e.g., for time of arrival (TOA) or observed time difference of arrival
(OTDOA)), signal strength measurements, and/or signal quality measurements for the
wireless base stations. The position determination module 366 can be configured to use
this information to estimate the location of the mobile device 120 and/or to obtain
additional information from one or more network entities. For example, the position
determination module 366 can be configured to obtain assistance data from a location
server or other network-connected device that the position determination module 366
can use to estimate the position of the mobile device 120. The position determination
module 366 can also be configured to use other non-GNSS sources of position
information to estimate the location of the mobile device 120, including signals from

one or more sensors 285.

[0092] The position of the mobile device 120 can be estimated using the position
related information (stage 910). The position determination module 366 can be
configured to determine estimate the position of the mobile device using the position
related information. In some implementations, the position determination module 366
can be configured to send the position related information to a location server or other
network-connected device that is configured to determine the position of the mobile
device 120 using the position related information and/or other information that may be
provided by the mobile device 120 and/or obtained by the location server or other
network-connected device. The position determination module 366 can be configured
to receive a location estimate of the mobile device 120 from the location server or other
network-connected device and can be configured to provide the location information to
an application on the mobile device 120 and/or another module of the mobile device

120 that has requested a position of the mobile device 120.

[0093] The methodologies described herein may be implemented by various means
depending upon the application. For example, these methodologies may be
implemented in hardware, firmware, software, or any combination thereof. For a
hardware implementation, the processing units may be implemented within one or more
application specific integrated circuits (ASICs), digital signal processors (DSPs), digital
signal processing devices (DSPDs), programmable logic devices (PLDs), field

programmable gate arrays (FPGAs), processors, controllers, micro-controllers,
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microprocessors, electronic devices, other electronic units designed to perform the

functions described herein, or a combination thereof.

[0094] For a firmware and/or software implementation, the methodologies may be
implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. Any machine-readable medium tangibly embodying
instructions may be used in implementing the methodologies described herein. For
example, software codes may be stored in a memory and executed by a processor unit.
Memory may be implemented within the processor unit or external to the processor unit.
As used herein the term “memory” refers to any type of long term, short term, volatile,
nonvolatile, or other memory and is not to be limited to any particular type of memory
or number of memories, or type of media. Tangible media include one or more physical
articles of machine readable media, such as random access memory, magnetic storage,

optical storage media, and so on.

[0095] 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 includes physical
computer storage media. A storage medium may be any available medium that can be
accessed by a computer. By way of example, and not limitation, such computer-
readable media can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk
storage, magnetic disk storage 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, while discs
reproduce data optically with lasers. Combinations of the above should also be included
within the scope of computer-readable media. Such media also provide examples of
non-transitory media, which can be machine readable, and wherein computers are an

example of a machine that can read from such non-transitory media.

[0096] The generic principles discussed herein may be applied to other implementations

without departing from the spirit or scope of the disclosure or claims.
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CLAIMS
What 1s claimed is:

1. A method for managing power consumption of a Global Navigation Satellite System
(GNSS) receiver of a mobile device, the method comprising:

deriving a GNSS search window for the GNSS receiver based on a position
uncertainty (PUNC) and a time uncertainty (TUNC);

selecting a GNSS search mode based on the GNSS search window and resources
available for searching for signals from GNSS satellite vehicles (SVs), wherein an
estimated power consumption associated with execution of a GNSS search associated
with the GNSS search mode does not exceed a power consumption limit specified for
the GNSS receiver;

conducting the GNSS search using the GNSS search mode; and

estimating a position of the mobile device based at least in part on results of the

GNSS search.

2. The method of claim 1, further comprising:
determining the PUNC associated with the position of the mobile device, and
wherein selecting the GNSS search mode based on the GNSS search window
and the resources available for searching for signals from SVs comprises selecting the

GNSS search mode at least in part based on the PUNC.

3. The method of claim 1, wherein estimating the position of the mobile device
comprises estimating the position of the mobile device based at least in part on results

of the GNSS search.

4. The method of claim 1, wherein the power consumption limit specified for the GNSS
receiver comprises an average power consumption limit over a predetermined period of

time.

5. The method of claim 1, wherein selecting the GNSS search mode comprises
selecting the GNSS search mode from a low uncertainty mode and a high uncertainty

mode, the low uncertainty mode being associated a smaller search window and a higher
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duty cycle, the high uncertainty mode being associated with a larger search window and

a lower duty cycle.

6. The method of claim 5 wherein selecting the GNSS search mode from the low
uncertainty mode and the high uncertainty mode based on the GNSS search window and
the resources available for searching for signals from GNSS SVs comprises selecting
the low uncertainty mode based at least one of sensor data information and GNSS signal

strength information.

7. The method of claim 5, wherein selecting the GNSS search mode from the low
uncertainty mode and the high uncertainty mode based on the GNSS search window and
the resources available for searching for signals from GNSS SVs comprises:

selecting the low uncertainty mode as the GNSS search mode responsive to the
estimated power consumption required to support the GNSS search window being less
than or equal to the resources available for concurrently searching for signals from
GNSS SVs; and

selecting the high uncertainty mode as the GNSS search mode responsive to the
estimated power consumption required to support the GNSS search window being
greater than the resources available for concurrently searching for signals from GNSS

SVs.

8. The method of claim 7, further comprising:

estimating the position of the mobile device without using results of the GNSS
search responsive to the estimated power consumption required to support the GNSS
search window at the GNSS receiver exceeding the resources available for concurrently

searching for signals from GNSS SVs by a predetermined threshold.

9. The method of claim 1, wherein estimating the position of the mobile device using
results of the GNSS search further comprises:

obtaining additional position estimate information from at least one additional
source of position related information other than the GNSS receiver; and

estimating the position of the mobile device using the results of the GNSS

search and the additional position estimate information.
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10. The method of claim 9, wherein the additional position estimate information
comprises at least one of signal information from at least one terrestrial wireless
transceivers proximate to the mobile device and signal information from at least one

motion sensor associated with the mobile device.

11. The method of claim 1, wherein the power consumption limit specified for the

GNSS receiver is received from an application running on the mobile device.

12. The method of claim 11, wherein the application running on the mobile device is
configured to receive an input from a user of the mobile device and to set the power

consumption limit based on the input from the user of the mobile device.

13. The method of claim 1, wherein the power consumption limit specified for the
GNSS receiver is determined based on an accuracy requirement of at least one

application running on the mobile device.

14. The method of claim 1, wherein the power consumption limit specified for the
GNSS receiver is determined based at least in part on whether the mobile device is
receiving power from an external power source or from a battery associated with the

mobile device.

15. The method of claim 1, wherein the power consumption limit specified for the

GNSS receiver can be specified as a hard limit or a soft limit, the method further

comprising operating the GNSS receiver in a low power state in which the GNSS search

is not conducted responsive to determining that the GNSS search would exceed the hard

limit.

16. The method of claim 1, wherein the power consumption limit is associated with a
power budget for the GNSS receiver, and selecting the GNSS search mode comprises
selecting a GNSS search mode associated with an estimated power consumption that
exceeds the power consumption limit specified for the GNSS receiver but does not

exceed the power budget for the GNSS receiver.
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17. An apparatus for managing power consumption of a Global Navigation Satellite
System (GNSS) receiver of a mobile device, the apparatus comprising:

means for deriving a GNSS search window for the GNSS receiver based on a
position uncertainty (PUNC) and a time uncertainty (TUNC);

means for selecting a GNSS search mode based on the GNSS search window
and resources available for searching for signals from GNSS satellite vehicles (SVs),
wherein an estimated power consumption associated with execution of a GNSS search
associated with the GNSS search mode does not exceed a power consumption limit
specified for the GNSS receiver;

means for conducting the GNSS search using the GNSS search mode; and

means for estimating a position of the mobile device using results of the GNSS

search.

18. The apparatus of claim 17, wherein the means for selecting the GNSS search mode
comprises means for selecting the GNSS search mode from a low uncertainty mode and
a high uncertainty mode, the low uncertainty mode being associated a smaller search
window and a higher duty cycle, the high uncertainty mode being associated with a

larger search window and a lower duty cycle.

19. The apparatus of claim 18, wherein the means for selecting the GNSS search mode
from the low uncertainty mode and the high uncertainty mode based on the GNSS
search window and the resources available for searching for signals from GNSS SVs
comprises:

means for selecting the low uncertainty mode as the GNSS search mode
responsive to the estimated power consumption required to support the GNSS search
window being less than or equal to the resources available for concurrently searching
for signals from GNSS SVs; and

means for selecting the high uncertainty mode as the GNSS search mode
responsive to the estimated power consumption required to support the GNSS search
window being greater than the resources available for concurrently searching for signals

from GNSS SVs.

20. The apparatus of claim 17, further comprising:
means for estimating the position of the mobile device without using the results

of the GNSS search responsive to the estimated power consumption required to support
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the GNSS search window at the GNSS receiver exceeding the resources available for

concurrently searching for signals from GNSS SVs by a predetermined threshold.

21. The apparatus of claim 17, wherein the power consumption limit specified for the
GNSS receiver is determined based on one or more of an input received from an
application running on the mobile device, an accuracy requirement of the application
running on the mobile device, a user input, and information indicating whether the

mobile device is receiving power from an external power source.

22. A mobile device for compensating for managing power consumption of a Global
Navigation Satellite System (GNSS) receiver of the mobile device, the mobile device
comprising:
a tangible, non-transitory computer-readable memory;
a plurality of modules comprising processor executable code stored in the
tangible, non-transitory computer-readable memory;
a processor connected to the memory and configured to access the plurality of
modules stored in the memory; and
a low power positioning method module configured to
derive a GNSS search window for the GNSS receiver based on a position
uncertainty (PUNC) and a time uncertainty (TUNC),
select a GNSS search mode based on the GNSS search window and
resources available for searching for signals from GNSS satellite vehicles (SVs),
wherein an estimated power consumption associated with execution of a GNSS search
associated with the GNSS search mode does not exceed a power consumption limit
specified for the GNSS receiver, and
conduct the GNSS search using the GNSS search mode; and
a position determination module configured to estimate a position of the mobile

device based at least in part on results of the GNSS search.

23. The mobile device of claim 22, wherein the low power positioning method module
is configured to select the GNSS search mode from a low uncertainty mode and a high
uncertainty mode, the low uncertainty mode being associated a smaller search window
and a higher duty cycle, the high uncertainty mode being associated with a larger search

window and a lower duty cycle.
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24. The mobile device of claim 23, wherein the low power positioning method module
is configured to:

select the low uncertainty mode as the GNSS search mode responsive to the
estimated power consumption required to support the GNSS search window being less
than or equal to the resources available for concurrently searching for signals from
GNSS SVs; and

select the high uncertainty mode as the GNSS search mode responsive to the
estimated power consumption required to support the GNSS search window being
greater than the resources available for concurrently searching for signals from GNSS

SVs.

25. The mobile device of claim 22, wherein the position determination module is
configured to:

estimate the position of the mobile device without using results of the GNSS
search responsive to the estimated power consumption required to support the GNSS
search window at the GNSS receiver exceeding the resources available for concurrently

searching for signals from GNSS SVs by a predetermined threshold.

26. The mobile device of claim 22, wherein the low power positioning method module
is configured to determine the power consumption limit specified for the GNSS based
on one or more of an input received from an application running on the mobile device,
an accuracy requirement of the application running on the mobile device, a user input,
and information indicating whether the mobile device is receiving power from an

external power source.

27. A non-transitory, computer-readable medium, having stored thereon computer-
readable instructions for managing power consumption of a Global Navigation Satellite
System (GNSS) receiver of a mobile device, comprising instructions configured to
cause a computer to:

derive a GNSS search window for the GNSS receiver based on a position
uncertainty (PUNC) and a time uncertainty (TUNC);

select a GNSS search mode based on the GNSS search window and resources
available for searching for signals from GNSS satellite vehicles (SVs), wherein an

estimated power consumption associated with execution of a GNSS search associated
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with the GNSS search mode does not exceed a power consumption limit specified for
the GNSS receiver;

conduct the GNSS search using the GNSS search mode; and

estimate a position of the mobile device based at least in part on results of the

GNSS search.

28. The non-transitory, computer-readable medium of claim 27, wherein the
instructions configured to cause the computer to select the GNSS search mode comprise
instructions configured to cause the computer to select the GNSS search mode from a
low uncertainty mode and a high uncertainty mode, the low uncertainty mode being
associated a smaller search window and a higher duty cycle, the high uncertainty mode

being associated with a larger search window and a lower duty cycle.

29. The non-transitory, computer-readable medium of claim 28, wherein the
instructions configured to cause the computer to select the GNSS search mode from the
low uncertainty mode and the high uncertainty mode based on the GNSS search
window and the resources available for searching for signals from GNSS SVs comprise
instructions configured to cause the computer to:

select the low uncertainty mode as the GNSS search mode responsive to the
estimated power consumption required to support the GNSS search window being less
than or equal to the resources available for concurrently searching for signals from
GNSS SVs; and

select the high uncertainty mode as the GNSS search mode responsive to the
estimated power consumption required to support the GNSS search window being

greater than the resources available for concurrently searching for signals from GNSS

SVs.

30. The non-transitory, computer-readable medium of claim 27, further comprising
instructions configured to cause the computer to:

estimate the position of the mobile device without using results of the GNSS
search responsive to the estimated power consumption required to support the GNSS
search window at the GNSS receiver exceeding the resources available for concurrently

searching for signals from GNSS SVs by a predetermined threshold.
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