
WO 2012/021614PCT/US2011/047244 METHODS AND APPARATUS TO ACTIVATE LOCATION
MEASUREMENTS FIELD OF THE DISCLOSURE [0001]This disclosure relates
generally to measurement reporting and, more particularly, to methods and
apparatus to activate location measurements. BACKGROUND [0002]Currently,
mobile communication network operators perform drive tests, often
continuously or at least frequently, to collect network performance
metrics. The Third Generation Partnership Project (3GPP) has begun
specifying a minimization of drive test (MDT) framework in which at least
some drive test measurements can be collected from commercial user
equipment (UE) operating in the network, instead of requiring dedicated
drive tests. Through the use of the MDT framework, the need for and number
of rigorous drive tests may be reduced, which could significantly decrease
network maintenance costs for operators and also decrease carbon emissions,
thereby helping to protect the environment. Additionally, by reducing
reliance on separate drive tests, faster optimization cycles may be
achieved, thereby resulting in higher customer satisfaction. Furthermore,
the MDT framework may enable operators to collect measurements from areas
that are typically not accessed during drive tests (e.g. such as narrow
roads, forests, private land, homes and office, etc.). BRIEF DESCRIPTION OF
THE DRAWINGS 



[0003] FIG. 1 is a block diagram of an example 3GPP communication system
capable of supporting the methods and apparatus described herein to
activate MDT location measurements.      [0004] FIG. 2 is a block diagram
of an example UE capable of activating MDT location measurements in the
3GPP communication system of FIG. 1 in accordance with the methods and
apparatus described herein.  WO 2012/021614PCT/US2011/047244 [0005]FIG. 3
is a block diagram of an example network element capable of enabling
activation of MDT location measurements in the 3GPP communication system of
FIG. 1 in accordance with the methods and apparatus described herein.
[0006]FIG. 4 is a flowchart representative of an example process that may
be performed to configure activation of MDT location measurements in the UE
of FIG. 2. [0007]FIG. 5 is a flowchart representative of an example process
that may be 



performed to activate MDT location measurements in the UE of FIG. 2.
[0008]FIG. 6 is a flowchart representative of an example process that may
be performed to implement MDT location activation configuration and MDT
location measurement processing in the network element of FIG. 3.
[0009]FIG. 7 is a block diagram of an example processing system that may
execute example machine readable instructions used to implement some or all
of the processes of FIGS. 4-6 to implement the UE of FIG. 2, the network
element of FIG. 3 and/or the 3GPP communication system of FIG. 1. DETAILED
DESCRIPTION [0010]Methods and apparatus to activate location measurements
are disclosed herein. An example method disclosed herein involves a UE
receiving configuration information from a network element in a mobile
communication network for configuring stand-alone location measurements to
be performed by the UE (e.g., for including location information in
reported MDT measurements). The configuration information received by the
UE from the network element includes one or more radio link failure
criteria for activating a global navigation satellite system (GNSS)
processor (or other processor for performing stand-alone location
measurements). The example method also involves the UE operating the GNSS
processor in accordance with the configuration information. [0011]In some
examples, the one or more radio link failure criteria for activating the 



GNSS processor include a first specified radio link failure frequency at or
above which the  WO 2012/021614PCT/US2011/047244 GNSS processor is to be
activated. Additionally or alternatively, in some examples the
configuration information includes one or more radio link failure criteria
for deactivating the GNSS processor. In such examples, the one or more
radio link failure criteria for deactivating the GNSS processor include a
second specified radio link failure frequency at or below which the GNSS
processor is to be deactivated. In some examples, the second specified
radio link failure frequency can be different from the first specified
radio link failure frequency. Furthermore, in some example, operating the
GNSS processor in accordance with the configuration information involves
activating the GNSS processor when a first number of radio link failures
counted during a first time period is greater than or equal to the first
specified radio link failure frequency, using the GNSS processor to perform
a stand-alone location measurement when a subsequent radio link failure is
detected after the GNSS processor is activated, and deactivating the GNSS
processor when a second number of radio link failures counted during a
second time period is less than or equal to the second specified radio link
failure frequency.      [0012] As noted above, the MDT measurement
framework enables network performance monitoring using commercial UE
operating in the network, instead of requiring, or at least reducing,
dedicated drive testing. To pinpoint trouble spots in the network, MDT
measurements returned by a UE should include accurate location information,
if possible. However, in radio link failure scenarios in which network
assistance for location determination is unavailable, activating a GNSS
processor (or similar positioning processor) in the UE that is capable of
performing stand-alone location measurements (e.g., without network
assistance) may take considerable time. This activation time may reduce the
accuracy of the location measurement as the UE may move away from the
trouble spot's location while the GNSS processor is being activated. At
least some of the example methods and apparatus described herein can
improve the accuracy of the location measurements by activating the GNSS
processor before the trouble spot is reached, or on the edge of the trouble
spot. Additionally, at least some of the example methods and apparatus
described enable prompt deactivation of the GNSS processor as the trouble
spot is being exited to thereby reduce the impact of location measurements
on UE power consumption and battery life.  WO 2012/021614PCT/US2011/047244
[0013]Turning to the figures, a block diagram of an example next-generation
3GPP communication system 100 capable of supporting the MDT measurement
techniques described herein is illustrated in FIG. I. The communication
system 100 includes an example UE 105 served by an example current (or home
or serving) cell 110 implemented by a network element providing base
station functionality, such as a node-B in a universal terrestrial radio
access network (UTRAN) implementation, an evolved node-B (eNB) in an
evolved UTRAN (EUTRAN) long term evolution (LTE) implementation, etc.
Additionally, the communication system 100 includes example cells 115, 120
and 125, which are neighbor cells of the current cell 110. In the
illustrated example, the neighbor cells 115, 120 and 125 are implemented by
one or more network elements different from the network element
implementing the current cell 110. As described in greater detail below,
the mobile station 105 and the network element 



implementing the current cell 110 implement activation of location
measurements (e.g., for MDT measurement reporting) in accordance with the
example methods and apparatus disclosed herein.      [0014] In the
communication system 100, the UE 105 may correspond to any type of wireless
device, mobile station, user endpoint equipment, user agent, etc., such as
a mobile telephone device, a fixed telephone device, a personal digital
assistant (PDA), a smartphone (e.g., such as BlackBerry(r) smartphone),
etc. Each of the cells 110-125 may correspond to any type of cell, such as
a GERAN cell, a UTRAN cell, an E-UTRAN cell, CDMA HRPD cell, CDMA IxRTT
cell, etc. (where GERAN refers to GSM/EDGE radio access network, GSM refers
to global system for mobile communications, EDGE refers to enhanced data
rates for GSM evolution, CDMA refers to code division multiple access, HRPD
refers to high rate packet data and lxRTT refers to lx radio transmission
technology as defined in the CDMA specifications). Moreover, some or all of
the cells 110-125 may be the same or different types of cells. For example,
in FIG. 1 the neighbor cell 115 is a GERAN cell, the neighbor cell 120 is a
UTRAN cell and the neighbor cell 125 is an E-UTRAN cell. Also, although
each of the cells 110-125 is depicted as being implemented by a separate
network element providing base station functionality, some or all of the
cells 115-125 may be implemented by a common network element. Furthermore,
although only one UE 105 and four (4) cells 110-125 are illustrated in  WO
2012/021614PCT/US2011/047244 FIG. 1, the 3GPP communication system 100 can
support any number of UEs 105 and cells 110- 125. [0015]In the illustrated
example of FIG. 1, the UE 105 performs one or more MDT measurements as
configured by the network element implementing the current cell 110.
Examples of such MDT measurements include, but are not limited to, a
periodic downlink pilot measurement, a serving cell becomes worse than
threshold measurement, a transmit power headroom becomes less than
threshold measurement, a random access failure measurement, and a radio
link failure report, which are described in 3GPP Technical Report (TR)
36.805, V2.0.0 (December 2009), which is hereby incorporated by reference
in its entirety. Briefly, for the periodic downlink pilot measurement,
radio environment measurements, such as Common Pilot Channel (CPICH)
Received Signal Code Power (RSCP), CPICH Ec/No, Time Division Duplex (TDD)
Primary Common Control Physical Channel (P-CCPCH) RSCP and Interference
Signal Code Power (ISCP), Reference Signal Received Power (RSRP) and
Reference Signal Received Quality (RSRQ) (e.g., in connected mode only) are
logged periodically in connected mode, idle mode, or both. The
configuration information for periodic downlink pilot measurements includes
the specified measurement period, and the periodic downlink pilot
measurement reports include the radio environment measurements, as well as
time and location information specifying when and where the measurement was
taken, and cell identification information identifying the cell associated
with a particular reported measurement. For the serving cell becomes worse
than threshold measurement, radio environment measurements, such as those
mentioned above, as well as location and cell identification information
are logged when a measured serving cell metric becomes worse than the
configured threshold. A measurement logging window (e.g., such as a
"sliding window" in which collected logs are kept in the UE) is used to
collect information during a certain period before and after the occurrence
of event. For the transmit power headroom becomes less than threshold
measurement, transmit power headroom and radio environment measurements,
such as those mentioned above, as well as location and cell identification
information are logged when UE transmit power headroom becomes less than
the configured threshold. For the random access failure measurement,
details on the random access and radio environment measurements, such as
those mentioned above, as well as location and  WO
2012/021614PCT/US2011/047244 



cell identification information are logged when a random access failure
occurs. For the radio link failure report, radio environment measurements,
such as those mentioned above, as well as location and cell identification
information are reported when a radio link failure (RLF) occurs.
[0016] The 3GPP communication system 100 employs the example methods and
apparatus described herein to obtain UE location information (also referred
to as positioning information) for inclusion or association with MDT
measurements reported by, for example, the UE 105. To reduce power impact,
the example methods and apparatus attempt to activate location measurements
(also referred to as positioning procedures, positioning measurements,
location procedures, etc.) in the UE 105 when the UE 105 encounters a
problem area or trouble spot, such as entering an area of no coverage
exhibiting significant radio link failures, and deactivate the location
measurements when the UE 105 recovers from the problem area. A difficulty
of performing location measurements in areas of no or poor coverage, or
significant radio link failures, is that the UE 105 may not be able to
receive assistance from the network to perform location measurements. In
such scenarios, a GNSS processor or other processor for performing
stand-alone location measurements may be used by the UE 105 to perform and
log location measurement with network assistance. However, activating a
GNSS processor (or similar positioning processor) may take considerable
time, thereby reducing the accuracy of the location measurement as the UE
105 may move away from the trouble spot's location while the GNSS processor
is being activated. Additionally, activation of the GNSS processor consumes
UE battery power and can reduce the battery life of the UE 105. [0017]To
attempt to ensure that GNSS processing or other location measurement
processing in the UE 105 is activated and ready to perform location
measurements when needed, and is deactivated when not needed, the
communication system 100 configures the UE 105 with one or more radio link
failure criteria for activating GNSS processing (or, more generally, any
stand-alone location measurement processing) in the UE 105. In some
examples, the one or more radio link failure criteria for activating GNSS
processing (e.g., by activating a GNSS processor) in the UE 105 are
included in MDT configuration information provided to the UE 105. For
example, the one or more radio link failure criteria for activating GNSS
processing can  WO 2012/021614PCT/US2011/047244 include a first specified
radio link failure frequency at or above which GNSS processing in the UE
105 is to be activated. Additionally or alternatively, in some examples the
MDT configuration information provided to the UE 105 includes one or more
radio link failure criteria for deactivating GNSS processing (or, more
generally, any stand-alone location measurement processing) in the UE 105.
In such examples, the one or more radio link failure criteria for
deactivating GNSS processing can include a second specified radio link
failure frequency at or below which GNSS processing is to be deactivated.
Furthermore, in some examples, the second specified radio link failure
frequency can be different from the first specified radio link failure
frequency. [0018]The communication system 100 can employ one or more
techniques for providing MDT configuration information (e.g., including the
one or more radio link failure criteria for activating GNSS processing and
the one or more radio link failure criteria for deactivating GNSS
processing) to the UE 105. In one example, the serving cell 110 uses
control plane signaling to send MDT configuration information to the UE
105. For example, in connected mode a radio resource control (RRC)
connection exists between the UE 105 and the serving cell 110, and RRC
messages, such as measurement control or reconfiguration messages, can be
used to send the MDT configuration information from the network to the UE
105. Additionally or alternatively, MDT configuration information can be
included in system information broadcast in the serving cell 110.
Additionally or alternatively, the serving cell 110 can use user plane
signaling to send MDT configuration information to the UE 105. For example,
dynamic over-the-air configuration using one or more short message service
(SMS) messages, one or more emails, one or more BlackBerry(r) personal
identification number (PIN) messages, etc., can be used to send the MDT
configuration information from the network to the UE 105. For the case of
logged MDT measurements, such as logged location measurements, the MDT
measurement configuration persists after the UE 105 leaves connected mode
and enters idle mode, which enables to the UE 105 to perform the MDT
measurements (e.g., including location measurements) during idle mode and
later report the logged measurements when the UE 105 re-enters the
connected state and establishes a radio connection with its serving cell
(e.g., the serving cell 110). Similar to the different techniques for
sending MDT configuration information 



WO 2012/021614PCT/US2011/047244 to the UE 105, the UE 105 can use control
plane signaling (e.g., RRC messages) and/or user plane messages (e.g., SMS
messages, emails, PIN messages, etc.) to report the logged MDT measurements
(e.g., including logged location measurements) to the network. [0019]In
some examples, after the UE 105 processes the MDT configuration information
containing the one or more radio link failure criteria for activating GNSS
processing and the one or more radio link failure criteria for deactivating
GNSS processing, the UE 105 then performs GNSS processing (e.g., by
operating its GNSS processor) in accordance with the MDT configuration
information. For example, the UE 105 activates GNSS processing (e.g., by
activating its GNSS processor) when a first number of radio link failures
counted during a first time period is greater than or equal to the first
specified radio link failure frequency. The UE 105 then triggers GNSS
processing to perform one or more location measurement (e.g., using its
activated GNSS processor) when a subsequent radio link failure is detected.
In some examples, the UE 105 deactivates GNSS processing (e.g., by
deactivating its GNSS processor) when a second number of radio link
failures counted during a second time period is less than or equal to the
second specified radio link failure frequency (which may be different from
the first specified radio link failure frequency, as noted above). [0020]A
block diagram of an example implementation of the UE 105 of FIG. 1 is
illustrated in FIG. 2. FIG. 2 illustrates portions of the UE 105 associated
with activating and performing location measurement in accordance with the
example methods and apparatus described herein. Those portions of the UE
105 associated with other functionality are omitted for clarity.
[0021]Turning to FIG. 2, the illustrated example implementation of the UE
105 



includes an example measurement configuration processor 205 to receive, as
described above and in further detail below, MDT measurement configuration
information including one or more radio link failure criteria for
activating GNSS processing (e.g., by activating the GNSS processor 210)
and/or one or more radio link failure criteria for deactivating GNSS
processing (e.g., by deactivating the GNSS processor 210). The UE 105 of
FIG. 2 also includes an example GNSS processor 210 to perform location
measurements in accordance with the MDT configuration  WO
2012/021614PCT/US2011/047244 information received by the measurement
configuration processor 205. The UE 105 of FIG. 2 further includes
measurement logging storage 215 to log (e.g., store in a particular format)
location measurement(s) determined by the GNSS processor 210 (as well as
other MDT measurements determined by the UE 105). The measurement logging
storage 215 can be implemented using any type of memory or storage
technology, such as the volatile memory 718 and/or the mass storage device
730 of the processing system 700 illustrated in FIG. 7, which is described
in greater detail below. To report the MDT measurements logged in the
measurement logging storage 215 (including any logged location
measurements), the UE 105 of FIG. 2 includes a measurement reporting
processor 220. Example implementations and operation of the measurement
configuration processor 205, the GNSS processor 210, the measurement
logging storage 215 and the measurement reporting processor 220 are
illustrated in subsequent figures and described in greater detail below.
[0022] A block diagram of an example network element 300 that may be used
by the cell 110 of FIG. 1 to configure and process location measurements is
illustrated in FIG. 3. For example, the network element 300 can be
implemented in or by a base station, such as a node-B or eNB, implementing
the cell 110. Turning to FIG. 3, the network element 300 of the illustrated
example includes an MDT configuration processor 305 to prepare and send MDT
configuration information, including one or more radio link failure
criteria for activating GNSS processing and/or one or more radio link
failure criteria for deactivating GNSS processing, to the UE 105. The
network element 300 also includes an MDT reporting processor 310 to receive
MDT measurement reports/logs (e.g., including location measurements) from
the UE 105 via, for example, measurement reporting, RRC signaling, etc. The
network element 300 further includes an MDT measurement post-processor 315
to forward the MDT measurements/logs (e.g., including location
measurements) received from one or more UEs (e.g., including the UE 105) to
a network operator for further processing. Example implementations and
operation of the MDT configuration processor 305, the MDT reporting
processor 310 and the MDT measurement post-processor 315 are illustrated in
subsequent figures and described in greater detail below.  WO
2012/021614PCT/US2011/047244 [0023]While example manners of implementing
the UE 105 and the cell 110 of FIG.  I have been illustrated in FIGS. 2-3,
one or more of the elements, processes and/or devices illustrated in FIGS.
2-3 may be combined, divided, re-arranged, omitted, eliminated and/or
implemented in any other way. Further, the example measurement
configuration processor 205, the example GNSS processor 210, the example
measurement logging storage 215, the example measurement reporting
processor 220, the example network element 300, the example MDT
configuration processor 305, the example MDT reporting processor 310, the
example MDT measurement post-processor 315 and/or, more generally, the
example UE 105 of FIG. 2 and/or the example cell 110 of FIG. 3 may be
implemented by hardware, software, firmware and/or any combination of
hardware, software and/or firmware. Thus, for example, any of the example
measurement configuration processor 205, the example GNSS processor 210,
the example measurement logging storage 215, the example measurement
reporting processor 220, the example network element 300, the example MDT
configuration processor 305, the example MDT reporting processor 310, the
example MDT measurement post-processor 315 and/or, more generally, the
example UE 105 and/or the example cell 110 could be implemented by one or
more circuit(s), programmable processor(s), application specific integrated
circuit(s) (ASIC(s)), programmable logic device(s) (PLD(s)) and/or field
programmable logic device(s) (FPLD(s)), etc. In at least some example
implementations, at least one of the example UE 105, the example cell 110,
the example measurement configuration processor 205, the example GNSS
processor 210, the example measurement logging storage 215, the example
measurement reporting processor 220, the example network element 300, the
example MDT configuration processor 305, the example MDT reporting
processor 310 and/or the example MDT measurement post-processor 315 are
hereby expressly defined to include a tangible computer readable medium
such as a memory, digital versatile disk (DVD), compact disk (CD), etc.,
storing such software and/or firmware. Further still, the example UE 105 of
FIG. 2 and/or the example cell 110 of FIG. 3 



may include one or more elements, processes and/or devices in addition to,
or instead of, those illustrated in FIGS. 2-3, and/or may include more than
one of any or all of the illustrated elements, processes and devices.  WO
2012/021614PCT/US2011/047244 [0024]Flowcharts representative of example
processes that may be executed to implement the example UE 105, the example
cells 110-125, the example measurement configuration processor 205, the
example GNSS processor 210, the example measurement logging storage 215,
the example measurement reporting processor 220, the example network
element 300, the example MDT configuration processor 305, the example MDT
reporting processor 310 and/or the example MDT measurement post-processor
315 are shown in FIGS. 4- 6. In these examples, the process represented by
each flowchart may be implemented by one or more programs comprising
machine readable instructions for execution by a processor, such as the
processor 712 shown in the example processing system 700 discussed below in
connection with FIG. 7. Alternatively, the entire program or programs
and/or portions thereof implementing one or more of the processes
represented by the flowcharts of FIGS. 4-6 could be executed by a device
other than the processor 712 (e.g., such as a controller and/or any other
suitable device) and/or embodied in firmware or dedicated hardware (e.g.,
implemented by an ASIC, a PLD, an FPLD, discrete logic, etc.). Also, one or
more of the processes represented by the flowchart of FIGS. 4-6, or one or
more portion(s) thereof, may be implemented manually. Further, although the
example processes are described with reference to the flowcharts
illustrated in FIGS. 4-6, many other techniques for implementing the
example methods and apparatus described herein may alternatively be used.
For example, with reference to the flowcharts illustrated in FIGS. 4- 6,
the order of execution of the blocks may be changed, and/or some of the
blocks described may be changed, eliminated, combined and/or subdivided
into multiple blocks. [0025]As mentioned above, the example processes of
FIGS. 4-6 may be implemented using coded instructions (e.g., computer
readable instructions) stored on a tangible computer readable medium such
as a hard disk drive, a flash memory, a read-only memory (ROM), a CD, a
DVD, a cache, a random-access memory (RAM) and/or any other storage media
in which information is stored for any duration (e.g., for extended time
periods, permanently, brief instances, for temporarily buffering, and/or
for caching of the information). As used herein, the term tangible computer
readable medium is expressly defined to include any type of computer
readable storage and to exclude propagating signals. Additionally or
alternatively, the example processes of FIGS. 4-6 may be implemented using
coded instructions (e.g., computer readable  WO
2012/021614PCT/US2011/047244 



instructions) stored on a non-transitory computer readable medium, such as
a flash memory, a ROM, a CD, a DVD, a cache, a random-access memory (RAM)
and/or any other storage media in which information is stored for any
duration (e.g., for extended time periods, permanently, brief instances,
for temporarily buffering, and/or for caching of the information). As used
herein, the term non-transitory computer readable medium is expressly
defined to include any type of computer readable medium and to exclude
propagating signals. Also, as used herein, the terms "computer readable"
and "machine readable" are considered equivalent unless indicated
otherwise.       [0026] An example process 400 that may be executed to
implement MDT measurement configuration, including configuration of
location measurement activation, in the UE 105 of FIGS. 1-2 is illustrated
in FIG. 4. With reference to the preceding figures, the process 400 of FIG.
4 begins execution at block 405 at which the measurement configuration
processor 205 included in the UE 105 receives MDT configuration information
from its serving cell 110 via control plane signaling and/or user plane
signaling, as described above. At block 410, the measurement configuration
processor 205 configures one or more radio link failure criteria, provided
in the MDT configuration information received at block 410, for activating
GNSS processing to perform standalone location measurements. For example,
at block 410 the measurement configuration processor 205 configures a first
specified radio link failure frequency at or above which GNSS processing in
the UE 105 is to be activated. In some examples, this first radio link
failure frequency is specified in the MDT configuration information as a
first number of radio link failures (e.g., Ni) and a first time period
(e.g., T1) during which at least the first number of radio link failures
(e.g., Ni) need to occur to activate GNSS processing. [0027]At block 415,
the measurement configuration processor 205 configures one or more radio
link failure criteria, provided in the MDT configuration information
received at block 415, for deactivating GNSS processing to stop performing
standalone location measurements. For example, at block 415 the measurement
configuration processor 205 configures a second specified radio link
failure frequency at or below which GNSS processing in the UE 105 is to be
deactivated. In some examples, this second radio link failure frequency is
specified in the MDT  WO 2012/021614PCT/I1S2011/047244 configuration
information as a second number of radio link failures (e.g., N2) and a
second time period (e.g., T2) during which, if no more than the second
number of radio link failures (e.g., N2) occur, then GNSS processing can be
deactivated. Other example criteriakonditions for deactivating GNSS
processing include, but are not limited to, expiration of a specified
activation period, occurrence of a handover to another radio access
technology (RAT), moving to another public land mobile network (PLMN), etc.
[0028]An example process 500 that may be executed to implement location
measurement processing in the UE 105 of FIGS. 1-2 is illustrated in FIG. 5.
With reference to the preceding figures, the process 500 of FIG. 5 begins
execution at block 505 at which the UE 105 determines whether the radio
link failure criteria for activation of GNSS processing has been met (e.g.,
by determining whether a first specified radio link failure frequency has
been met or exceeded). If the radio link failure criteria for activation of
GNSS processing has been met (block 505), then at block 510 the UE 105
activates its GNSS processor 210. In some examples, activating the GNSS
processor 210 involves enabling (e.g., powering-up) the GNSS processor 210
to attempt a location fix. After a successful location fix, the GNSS
processor 210 continues to track satellites and periodically attempts
subsequent located fixes so that the next location fix (e.g., when a
subsequent radio link failure is detected) can be obtained with reduced
latency. 



[0029]In some examples, the time required for the GNSS processor 210 to be
able to make location measurements after activation depends upon, for
example, how much time has passed and/or how far the UE 105 has moves since
the last location fix. In other words, the activation time may depend upon
how recent or stale is the satellite information, timing information, etc.,
stored in the GNSS processor 210. In such examples, if the radio link
failure criteria for activation of GNSS processing has been met, the UE 105
may further decide whether activation of the GNSS processor 210 is required
at that time (e.g., because the information stored in the GNSS processor
210 is stale and, thus, the GNSS processor 210 will need to more time to
perform a "cold start") or can be delayed to reduce power consumption and
save battery life (e.g., because the information stored in the GNSS
processor 210 is recent and the GNSS processor 210 requires less time
because it can perform a "warm start" or "hot start").  WO
2012/021614PCT/US2011/047244 [0030]Next, at block 515 the UE 105 determines
whether another radio link failure has been detected. If another radio link
failure has been detected (block 515), then at block 520 the UE 105 uses
the GNSS processor 210 (which was activated at block 510) to perform one or
more stand-alone location measurements. In some examples, if the UE 105
successfully obtains stand-alone location measurements, the UE 105 can
indicate the availability of a radio link failure report containing the
location information and associated neighbor cell measurement in an RRC
connection setup complete message sent to the network upon reconnecting
with the network after the radio link failure. The network (e.g., via a
radio network controller (RNC), eNB, etc.) may retrieve the indicated radio
link failure report (e.g., including the location information and neighbor
cell measurements) by querying the UE 105 via, for example, the UE
information request procedure. At block 525, the UE 105 determines whether
the radio link failure criteria for deactivation of GNSS processing has
been met (e.g., by determining whether a second specified radio link
failure frequency has been met or not exceeded). If the radio link failure
criteria for deactivation of GNSS processing has been met (block 525), then
at block 530 the UE 105 deactivates its GNSS processor 210.       [0031] An
example process 600 that may be executed to implement MDT measurement
configuration and processing in the serving cell 110 of FIGS. 1 and 3 is
illustrated in FIG. 6. With reference to the preceding figures, the process
600 of FIG. 6 begins execution at block 605 at which the MDT configuration
processor 305 included in the network element 300 implementing the cell 110
determines the radio link failure criteria for activation of GNSS
processing (e.g., as described above) to be included in the MDT
configuration information to be sent to the UE 105. At block 610, the MDT
configuration processor 305 determines the radio link failure criteria for
deactivation of GNSS processing (e.g., as described above) to be included
in the MDT configuration information to be sent to the UE 105. At block
615, the MDT configuration processor 305 sends the MDT configuration
information to the UE 105. For example, the MDT configuration processor 305
can send the MDT configuration information to the UE 105 using control
plane signaling (e.g., via one or more RRC messages) and/or user plane
messages (e.g., SMS messages, emails, PIN messages, etc.). Sometime later,
at block 620, the MDT reporting processor 310 included in the network
element 300 implementing the cell 110  



WO 2012/021614PCT/US2011/047244 receives MDT measurement, including
location measurements, from the UE 105 that were generated in accordance
with the MDT configuration information sent at block 615. [0032]FIG. 7 is a
block diagram of an example processing system 700 capable of implementing
the apparatus and methods disclosed herein. The processing system 700 can
be, for example, a server, a personal computer, a personal digital
assistant (PDA), a smartphone, an Internet appliance, a DVD player, a CD
player, a digital video recorder, a personal video recorder, a set top box,
or any other type of computing device. [0033]The system 700 of the instant
example includes a processor 712 such as a general purpose programmable
processor. The processor 712 includes a local memory 714, and executes
coded instructions 716 present in the local memory 714 and/or in another
memory device. The processor 712 may execute, among other things, machine
readable instructions to implement the processes represented in FIGS. 4-6.
The processor 712 may be any type of processing unit, such as one or more
Intel(r) microprocessors from the Pentium(r) family, the Itanium(r) family
and/or the XScale(r) family, one or more microcontrollers from the ARM(r)
and/or PIC(r) families of microcontrollers, etc. Of course, other
processors from other families are also appropriate.       [0034] The
processor 712 is in communication with a main memory including a volatile
memory 718 and a non-volatile memory 720 via a bus 722. The volatile memory
718 may be implemented by Static Random Access Memory (SRAM), Synchronous
Dynamic Random Access Memory (SDRAM), Dynamic Random Access Memory (DRAM),
RAMBUS Dynamic Random Access Memory (RDRAM) and/or any other type of random
access memory device. The non-volatile memory 720 may be implemented by
flash memory and/or any other desired type of memory device. Access to the
main memory 718, 720 is typically controlled by a memory controller (not
shown). [0001]The processing system 700 also includes an interface circuit
724. The inteiface circuit 724 may be implemented by any type of interface
standard, such as an Ethernet interface, a universal serial bus (USB),
and/or a third generation input/output (3GI0) interface. 



WO 2012/021614PCT/US2011/047244 [0035]One or more input devices 726 are
connected to the interface circuit 724. The input device(s) 726 permit a
user to enter data and commands into the processor 712. The input device(s)
can be implemented by, for example, a keyboard, a mouse, a touchscreen, a
track-pad, a trackball, an isopoint and/or a voice recognition system.
[0036]One or more output devices 728 are also connected to the interface
circuit 724. The output devices 728 can be implemented, for example, by
display devices (e.g., a liquid crystal display, a cathode ray tube display
(CRT)), by a printer and/or by speakers. The interface circuit 724, thus,
typically includes a graphics driver card. [0037]The interface circuit 724
also includes a communication device such as a modem or network interface
card to facilitate exchange of data with external computers via a network
(e.g., an Ethernet connection, a digital subscriber line (DSL), a telephone
line, coaxial cable, a cellular telephone system, etc.).       [0038] The
processing system 700 also includes one or more mass storage devices 730
for storing software and data. Examples of such mass storage devices 730
include floppy disk drives, hard drive disks, compact disk drives and
digital versatile disk (DVD) drives. The mass storage device 730 may
implement the measurement logging storage 215. Alternatively, the volatile
memory 718 may implement the measurement logging storage 215. 



[0039]As an alternative to implementing the methods and/or apparatus
described herein in a system such as the processing system of FIG. 7, the
methods and or apparatus described herein may be embedded in a structure
such as a processor and/or an ASIC (application specific integrated
circuit). [0040]In some examples, the radio link failure criteria for
activating GNSS processing in the UE 105 (e.g., such as the first specified
radio link failure frequency described above) and/or the radio link failure
criteria for deactivating GNSS processing in the UE 105 (e.g., such as the
second specified radio link failure frequency described above) can be
configured in the UE 105 without being signaled by the network. In such
examples, the radio link failure criteria for activating and/or
deactivating GNSS processing can be predetermined in the UE 105 (e.g., via
hardcoding, downloading configuration data during manufacturing, etc.).  WO
2012/021614PCT/US2011/047244 [0041]Finally, although certain example
methods, apparatus and articles of manufacture have been described herein,
the scope of coverage of this patent is not limited thereto. On the
contrary, this patent covers all methods, apparatus and articles of
manufacture fairly falling within the scope of the appended claims either
literally or under the doctrine of equivalents.  



What Is Claimed Is:       1. A method for a wireless device to activate
location measurements, the method comprising:      receiving configuration
information including one or more radio link failure criteria for
activating a processor for performing stand-alone location measurements;
operating the processor in accordance with the configuration information;
and       including a stand-alone location measurement and a cell
measurement in a radio link failure report when the processor is activated
based on the one or more radio link failure criteria.       2. A method as
defined in claim 1 wherein the one or more radio link failure criteria for
activating the processor include a specified radio link failure frequency
at or above which the processor for performing stand-alone location
measurements is to be activated.       3. A method as defined in claim 2
wherein the specified radio link failure frequency is specified as a number
of radio link failures and a time period.       4. A method as defined in
claim 1 wherein the configuration information further includes one or more
radio link failure criteria for deactivating the processor.       5. A
method as defined in claim 1 wherein the processor is a global navigation
satellite system (GNSS) processor. 



6. A method for a wireless device to activate location measurements, the
method comprising:       receiving configuration information including one
or more radio link failure criteria for activating a processor for
performing stand-alone location measurements; and       operating the
processor in accordance with the configuration information, wherein the one
or more radio link failure criteria for activating the processor include a
specified radio link failure frequency at or above which the processor for
performing stand-alone location measurements is to be activated, and
operating the processor in accordance with the configuration information
comprises:       activating the processor when a number of radio link
failures counted during a time period is greater than or equal to the
specified radio link failure frequency; and       using the processor to
perform a stand-alone location measurement when a subsequent radio link
failure is detected.       7. A method for a wireless device to activate
location measurements, the method comprising:       receiving configuration
information including one or more radio link failure criteria for
activating a processor for performing stand-alone location measurements;
and       operating the processor in accordance with the configuration
information, wherein the configuration information further includes one or
more radio link failure criteria for deactivating the processor, the one or
more radio link failure criteria for activating the processor include a
first specified radio link failure frequency at or above which the
processor for performing stand-alone location measurements is to be
activated, and the one or more radio link failure criteria for deactivating
the processor include a second specified radio link failure frequency at or
below which the processor for performing stand-alone location measurements
is to be deactivated, the second specified radio link failure frequency
being different from the first specified radio link failure frequency. 



8. A method as defined in claim 7 wherein operating the processor in
accordance with the configuration information comprises:       activating
the processor when a first number of radio link failures counted during a
first time period is greater than or equal to the first specified radio
link failure frequency; and       deactivating the processor when a second
number of radio link failures counted during a second time period is less
than or equal to the second specified radio link failure frequency.
9. A method as defined in claim 8 wherein operating the processor in
accordance with the configuration information further comprises
deactivating the processor when at least one of a specified activation
period has expired, a handover to a different radio access technology (RAT)
has occurred, or the processor has moved to a different public land mobile
network (PLMN).       10. A method as defined in claim 7 wherein the first
specified radio link failure frequency is specified as a first number of
radio link failures and a first time period, and wherein the second
specified radio link failure frequency is specified as a second number of
radio link failures and a second time period.       11. A tangible machine
readable storage medium comprising machine readable instructions which,
when executed, cause a machine to at least:       receive configuration
information including one or more radio link failure criteria for
activating a processor for performing stand-alone location measurements;
operate the processor in accordance with the configuration information; and



include a stand-alone location measurement and a cell measurement in a
radio link failure report when the processor is activated based on the one
or more radio link failure criteria.       12. A tangible storage medium as
defined in claim 11 wherein the one or more radio link failure criteria for
activating the processor include a specified radio link failure frequency
at or above which the processor for performing stand-alone location
measurements is to be activated.          13. A tangible storage medium as
defined in claim 11 wherein the configuration information further includes
one or more radio link failure criteria for deactivating the processor.
14. A tangible machine readable storage medium comprising machine readable
instructions which, when executed, cause a machine to at least:
receive configuration infoimation including one or more radio link failure
criteria for activating a processor for performing stand-alone location
measurements; and       operate the processor in accordance with the
configuration information, wherein the configuration information further
includes one or more radio link failure criteria for deactivating the
processor, the one or more radio link failure criteria for activating the
processor include a first specified radio link failure frequency at or
above which the processor for performing stand-alone location measurements
is to be activated, and the one or more radio link failure criteria for
deactivating the processor include a second specified radio link failure
frequency at or below which the processor for performing stand-alone
location measurements is to be deactivated, the second specified radio link
failure frequency being different from the first specified radio link
failure frequency.       15. A tangible storage medium as defined in claim
14 wherein the machine readable instructions, when executed, further cause
the machine to:       activate the processor when a first number of radio
link failures counted during a first time period is greater than or equal
to the first specified radio link failure frequency; 



use the processor to perform a stand-alone location measurement when a
subsequent radio link failure is detected after the processor is activated;
and       deactivate the processor when a second number of radio link
failures counted during a second time period is less than or equal to the
second specified radio link failure frequency.       16. A tangible storage
medium as defined in claim 14 wherein the machine readable instructions,
when executed, further cause the machine to:       activate the processor
when a first number of radio link failures counted during a first time
period is greater than or equal to the first specified radio link failure
frequency; and       deactivate the processor when a second number of radio
link failures counted during a second time period is less than or equal to
the second specified radio link failure frequency.        17. A tangible
storage medium as defined in claim 16 wherein the machine readable
instructions, when executed, further cause the machine to deactivate the
processor when at least one of a specified activation period has expired, a
handover to a different radio access technology (RAT) has occurred, or the
processor has moved to a different public land mobile network (PLMN).
18. A tangible storage medium as defined in claim 14 wherein the first
specified radio link failure frequency is specified as a first number of
radio link failures and a first time period, and the second specified radio
link failure frequency is specified as a second number of radio link
failures and a second time period.  19. An apparatus to activate location
measurements, the apparatus comprising: a first processor to: 



receive configuration information including one or more radio link failure
criteria for activating a global navigation satellite system (GNSS)
processor; operate the GNSS processor in accordance with the configuration
information; and             include a stand-alone location measurement and
a cell measurement in a radio link failure report when the GNSS processor
is activated based on the one or more radio link failure criteria; and a
memory to store location measurements determined by the GNSS processor.
20. An apparatus as defined in claim 19 wherein the one or more radio link
failure criteria for activating the GNSS processor include a specified
radio link failure frequency at or above which the GNSS processor is to be
activated.       21. An apparatus as defined in claim 19 wherein the
configuration information further includes one or more radio link failure
criteria for deactivating the GNSS processor.   22. An apparatus to
activate location measurements, the apparatus comprising: a first processor
to: 



receive configuration information including one or more radio link failure
criteria for activating a global navigation satellite system (GNSS)
processor; and operate the GNSS processor in accordance with the
configuration information; and       a memory to store location
measurements determined by the GNSS processor, wherein the one or more
radio link failure criteria for activating the GNSS processor include a
specified radio link failure frequency at or above which the GNSS processor
is to be activated, and the first processor is to:       activate the GNSS
processor when a number of radio link failures counted during a time period
is greater than or equal to the specified radio link failure frequency; and
invoke the GNSS processor to perform a stand-alone location measurement
when a subsequent radio link failure is detected.  23. An apparatus to
activate location measurements, the apparatus comprising: a first processor
to:             receive configuration information including one or more
radio link failure criteria for activating a global navigation satellite
system (GNSS) processor; and operate the GNSS processor in accordance with
the configuration information; 



and       a memory to store location measurements determined by the GNSS
processor, wherein the configuration information further includes one or
more radio link failure criteria for deactivating the GNSS processor, the
one or more radio link failure criteria for activating the GNSS processor
include a first specified radio link failure frequency at or above which
the GNSS processor is to be activated, and the one or more radio link
failure criteria for deactivating the GNSS processor include a second
specified radio link failure frequency at or below which the GNSS processor
is to be deactivated.          24. An apparatus as defined in claim 23
wherein the first processor is to:       activate the GNSS processor when a
first number of radio link failures counted during a first time period is
greater than or equal to the first specified radio link failure frequency;
and       deactivate the GNSS processor when a second number of radio link
failures counted during a second time period is less than or equal to the
second specified radio link failure frequency.       25. An apparatus as
defined in claim 24 wherein the first processor is to deactivate the GNSS
processor when at least one of a specified activation period has expired, a
handover to a different radio access technology (RAT) has occurred, or the
GNSS processor has moved to a different public land mobile network (PLMN).
26. An apparatus as defined in claim 23 wherein the first specified radio
link failure frequency is specified as a first number of radio link
failures and a first time period, and wherein the second specified radio
link failure frequency is specified as a second number of radio link
failures and a second time period.       27. A tangible machine readable
storage medium comprising machine readable instructions which, when
executed, cause a machine to at least: 



receive configuration information including one or more radio link failure
criteria for activating a processor for performing stand-alone location
measurements; and       operate the processor in accordance with the
configuration information, wherein the one or more radio link failure
criteria for activating the processor include a specified radio link
failure frequency at or above which the processor for performing
stand-alone location measurements is to be activated, and to operate the
processor in accordance with the configuration information, the machine
readable instructions, when executed, further cause the machine to:
activate the processor when a number of radio link failures counted during
a time period is greater than or equal to the specified radio link failure
frequency; and       use the processor to perform a stand-alone location
measurement when a subsequent radio link failure is detected. 




