
WO 2012/021613PCT/US2011/047243 METHODS AND APPARATUS TO LIMIT REPORTING OF
NEIGHBOR CELL MEASUREMENTS FIELD OF THE DISCLOSURE [0001]This disclosure
relates generally to measurement reporting and, more particularly, to
methods and apparatus to limit reporting of neighbor cell 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 limit reporting of MDT neighbor cell measurements.
[0004]FIG. 2 is a block diagram of an example UE capable of limiting
reporting of MDT neighbor cell measurements in the 3GPP communication
system of FIG. 1 in accordance with the methods and apparatus described
herein.  WO 2012/021613PCT/US2011/047243 [0005]FIG. 3 is a block diagram of
an example network element capable of enabling 



reporting limits for MDT neighbor cell 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 peiformed to configure the UE of FIG. 2 to limit
reporting of MDT neighbor cell measurements. [0007]FIG. 5 is a flowchart
representative of an example process that may be performed to implement
limiting of MDT neighbor cell measurement reporting in the UE of FIG. 2.
[0008]FIG. 6 is a flowchart representative of an example process that may
be performed to implement MDT measurement configuration and 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 limit reporting of neighbor cell
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 periodic downlink pilot
measurements to be performed by the UE. Periodic downlink pilot
measurements are one example of logged MDT measurements that can be
performed by the UE during idle mode to enable coverage monitoring. The
configuration information received by the UE from the network element
includes an upper limit on a number of neighbor cells for which periodic
downlink pilot measurements are permitted to be reported. The example
method also involves the UE performing the periodic downlink pilot
measurements in the mobile communication network in accordance with the
configuration information.  WO 2012/021613PCT/US2011/047243 [0011]In some
examples, the upper limit included in the configuration information can
correspond to a total number of neighbor cells for which periodic downlink
pilot measurements are permitted to be reported. In some examples, the
upper limit included in the configuration information can correspond to a
maximum number of neighbor cells, in a specified absolute priority layer,
for which periodic downlink pilot measurements are permitted to be
reported. In some examples, the upper limit included in the configuration
information is a first upper limit on a first number of neighbor cells,
among all absolute priority layers having higher priority than an absolute
priority layer of a serving cell of the UE, for which periodic downlink
pilot measurements are permitted to be reported. Additionally or
alternatively, the configuration information can include a second upper
limit on a second number of neighbor cells, among all absolute priority
layers having lower priority than the absolute priority layer of the
serving cell of the UE, for which periodic downlink pilot measurements are
permitted to be reported. Additionally or alternatively, the configuration
information can include a third upper limit on a third number of neighbor
cells, among all absolute priority layers having priority equal to the
absolute priority layer of the serving cell of the UE, for which periodic
downlink pilot measurements are permitted to be reported. The absolute
priority of different frequencies and/or RATs to which the neighbor cells
belong can be specified in the received configuration information or
obtained separately, such as via other information signaled by the network
to the UE to configure cell reselection. 



[0012]At least some of the example methods and apparatus described herein
can provide substantial benefits over prior logged MDT measurement
techniques proposed for inclusion in the MDT framework. The MDT framework
supports immediate MDT measurements and logged MDT measurements. Similar to
measurement reporting performed during normal UE operation, immediate MDT
measurements are triggered by the network during connected mode, and cause
the UE to reply with the requested MDT measurements. In contrast, logged
MDT measurements correspond to MDT measurements performed by a UE during
idle mode when the UE does not have access to radio resources to transmit
MDT measurement reports to the network. For logged MDT measurements, MDT
measurements to be performed by the UE are configured by the network during
connected mode. The UE later performs the  WO 2012/021613PCT/US2011/047243
configured MDT measurements (e.g., based on configured activation criteria)
during idle mode, and stores the MDT measurements until the UE later enters
connected mode, has access to radio resources and can report the logged MDT
measurements to the network. [0013]Unlike prior proposed techniques for
logged MDT measurements, at least some of the example methods and apparatus
disclosed herein enable configuration of one or more limits on the number
of neighbor cells for which MDT measurements, such as periodic downlink
pilot measurements, are to be logged and reported. Such limits can reduce
the size of the measurement log files stored in the UE, thereby reducing UE
memory consumption, and also reduce the consumption of radio resources
needed by the UE to report the measurement log files to the network. At
least some of the example methods and apparatus disclosed herein also
enable configuration of neighbor cell reporting limits for neighbor cells
associated with specified absolute priority layers. Absolute priority
layers were introduced in Release 8 of the 3GPP standard and are used by
the network to specify frequency and radio access technology (RAT)
priorities for cell reselection. In networks supporting absolute priority
layers, each frequency or group of frequencies, and/or each RAT, can be a
layer for which an absolute priority is specified. Unlike prior proposed
techniques for logged MDT measurements, at least some of the example
methods and apparatus disclosed herein enable configuration of neighbor
cell reporting limits for neighbor cells having a particular specified
absolute priority (e.g., based on the neighbor cell's frequency and/or RAT)
and/or having absolute priorities in a specified range relative to (e.g.,
greater than, less than or equal to) the absolute priority of a UE's
serving cell. At least some of the example methods and apparatus disclosed
herein also enable offsets to be configured to adjust the MDT measurements
of specified neighbor cells to bias their inclusion in the MDT measurement
logs when constrained by one or more configured limits on the number of
neighbor cells for which MDT measurements are to be logged and reported. 



[0014]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. 1. 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  WO
2012/021613PCT/US2011/047243 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 limit reporting of neighbor cell
MDT measurements in accordance with the example methods and apparatus
disclosed herein. [0015]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 BlackBelly(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 lxRTT 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 FIG. 1, the 3GPP communication system
100 can support any number of UEs 105 and cells 110- 125.       [0016] 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. 



WO 2012/021613PCT/US2011/047243 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 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.  WO 2012/021613PCT/US2011/047243 [0017]In an example
implementation, the UE 105 is configured to perform periodic downlink pilot
(PDP) measurements of the current cell 110 (also referred to as the serving
cell 110) and one or more of the neighbor cells 115, 120 and 125 to enable
configuration, verification, optimization, etc., of one or more parameters
used by the communication system 100 to implement active priority layers
for cell reselection. In Release 8 of the 3GPP specification, absolute
priority was introduced to enable a network to specify frequency and radio
access technology (RAT) priorities for cell reselection. For example,
networks, such as the communication system 100, conforming to 3GPP Release
8 can specify the priorities of one or more inter-frequency layers and/or
one or more inter-RAT layers in system information broadcast generally
throughout a cell (e.g., the cell 110), and/or or in a dedicated message
sent to a specific UE (e.g., the UE 105). Each such frequency or group of
frequencies, and each such RAT, is considered to be a "layer" for which an
absolute priority is specified. When the network specifies priorities for
specified layers in a dedicated message, the priorities may be specific to
the receiving UE, whereas priorities specified in the system information
apply generally to all UEs served by the broadcasting cell. [0018]In an
example implementation of the communication system 100 supporting 



absolute priorities for cell reselection, the UE 105 selects a target cell
from the set of neighbor cells 115-125 and belonging to a particular
frequency and/or RAT layer in accordance with the absolute priority
specified by the network. Various configuration parameters for measurement
rules and cell reselection criteria are employed by the network to
configure absolute priorities for cell reselection. The measurement rules,
in conjunction with at least some of the configuration parameters, specify
under what conditions a UE, such as the UE 105, is to measure neighbor
cells on particular frequency and/or RAT layers. The cell reselection
criteria, in conjunction with at least some of the configuration
parameters, define how a UE, such as the UE 105, is to select a particular
target cell for reselection among a set of neighbor cells on the evaluated
frequency and/or RAT layers. Examples of configuration parameters for
implementing absolute priorities for cell reselection in the communication
system 100 include one or more absolute priority layers specified in terms
of particular frequencies and/or RATs, one or more offsets to be applied to
measurements for cells associated with one or more particular absolute
priority layers,  WO 2012/021613PCT/US2011/047243 one or more thresholds
associated with one or more particular absolute priority layers and to be
used by the UE to determine whether to perform reselection to a neighbor
cell associated with a particular absolute priority layer, one or more
timers associated with one or more particular absolute priority layers and
to be used by the UE to determine whether to perform reselection to a
neighbor cell associated with a particular absolute priority layer, etc.
[0019]Configuration of parameters implementing absolute priority layers for
cell reselection, such as those described above, is performed as a part of
radio network planning to ensure that UEs reselect to and camp on cells
belonging to frequency and/or RAT layers as intended by the network
operator. Generally, the network operator may intend for UEs to peiform
cell reselection from lower absolute priority layers to higher absolute
priority layers, or vice versa, at particular locations in the network. For
example, in an initial E-UTRAN deployment in the communication system 100,
E-UTRAN cells may be deployed in hot spots and these E-UTRAN layers may be
given a higher absolute priority than co-located UTRAN layers. As the UE
105 approaches one of these hot spots, the network operator intends for the
UE 105 to reselect to the E-UTRAN cell implementing the hot spot to enjoy
higher communication data rates. However, if the cell reselection
configuration parameters are not set properly, the UE 105 may stay in a
co-located UTRAN cell longer than expected. If this occurs, the ability of
the UE 105 to access the E-UTRAN service provided by the hot spot may be
delayed. Conversely, as the UE 105 leaves the hot spot, the network
operator may intend for the UE 105 to reselect to a co-located UTRAN cell.
However, if the cell reselection configuration parameters are not set
properly, the UE 105 may stay in the E-UTRAN cell longer than expected,
potentially resulting in the UE 105 experiencing radio link failure or
causing excessive inteiference in the E-UTRAN cell implementing the hot
spot. [0020]To enable configuration, verification, optimization, etc., of
one or more parameters used by the communication system 100 to implement
active priority layers for cell reselection, the communication system 100
configures one or more UEs, such as the UE 105, to perform logged MDT
measurements, such as periodic downlink pilot measurements, of neighbor
cells belonging to lower priority, higher priority and/or equal priority
layers relative to the 



WO 2012/021613PCT/US2011/047243 priority layer of the UE's serving cell
(e.g., the serving cell 110). MDT measurement reports containing the logged
MDT measurements for these neighbor cells can then be used to evaluate the
correctness of the network parameters implementing active priority layers
for cell reselection and to perform any adjustments of these parameters.
Furthermore, the MDT configuration information provided by the network to
the UE 105 to configure the periodic downlink pilot measurements (or, more
generally, any other MDT measurements) to be performed for the neighbor
cell(s) can specify one or more limits on the number of neighbor cells for
which periodic downlink pilot measurements are to be logged and reported.
For example, one such limit can specify a total number of neighbor cells,
among all absolute priority layers, for which periodic downlink pilot
measurements are permitted to be reported. Other example limits can each
specify a maximum number of neighbor cells, in a specified absolute
priority layer, for which periodic downlink pilot measurements are
permitted to be reported. Additionally or alternatively, in some examples
the MDT configuration information can include one or more of (1) a first
upper limit to specify a first number of neighbor cells (e.g., NH), among
all absolute priority layers having higher priority than an absolute
priority layer of the serving cell 110 of the UE 105, for which periodic
downlink pilot measurements are permitted to be reported; (2) a second
upper limit on a second number of neighbor cells (e.g., NL), among all
absolute priority layers having lower priority than the absolute priority
layer of the serving cell 110 of the UE 105, for which periodic downlink
pilot measurements are permitted to be reported; and/or (3) a third upper
limit on a third number of neighbor cells (e.g., NE), among all absolute
priority layers having priority equal to the absolute priority layer of the
serving cell 110 of the UE 105, for which periodic downlink pilot
measurements are permitted to be reported. [0021]In some examples, the UE
105 ranks the periodic downlink pilot measurements for the evaluated
neighbor cells (e.g., cells 115-125) and, based on the absolute priority of
each of the neighbor cells, determines whether to store (e.g., log) the
measurements for a particular cell based on the configured neighbor cell
reporting limits. For example, after ranking neighbor cells belonging to a
particular active priority layer (or range of active priority layers having
higher, lower or equal priority relative to the priority of the serving
cell 105), the UE 105 logs PDP measurements for the neighbor cells having
the highest ranked measurements up to the  WO 2012/021613PCT/US2011/047243
limit(s) specified in the MDT configuration information. In some example
heterogeneous deployments, the transmission power of macro cells is
different (e.g., higher) than the transmission power of femto, pico and/or
relay cells included in the network. To account for this transmission power
difference when ranking PDP measurements, and because femto, pico and/or
relay cells may have higher absolute priority than the co-located macro
cells, the MDT configuration information can include one or more offsets to
be applied to the PDP measurements of specified neighbor cells (e.g.,
specified by cell identification information and/or class or type of cell)
prior to ranking and logging of the measurements. 



[0022]In some examples, the MDT configuration information provided by the
network to the UE 105 includes an indication (e.g., or flag, bit, etc.)
specifying whether received signal strength indication (RSSI) is to be
logged or measured when the UE 105 performs public land mobile network
(PLMN) scanning. RSSI is often used to detect a frequency of a PLMN
because, unlike other quality measurements such as RSCP and RSRP, knowledge
of the specific code sequence of a cell in a PLMN is not required to
determine the cell's RSSI. However, under some circumstances, good RSSI may
not correlate to good cell quality (e.g., measured using RSCP, RSRP, etc.),
whereas under other circumstances RSSI and cell quality may be correlated.
To enable a network operator to evaluate whether RSSI is correlated with
neighbor cell quality in a particular deployment, the MDT configuration
information provided by the network to the UE 105 can cause the UE 105 to
perform RSSI measurements in addition to the other configured periodic
downlink pilot measurements. For example, when the UE 105 camps on a
suitable cell, the UE 105 may log measured RSSI values to detect the PLMN
and the quality of the camped on cell. Alternatively when the UE performs
PLMN scanning, a PLMN identity, a frequency, an RSSI measurement, a list of
cell identities, a cell quality, etc., per detected PLMN may be logged.
[0023] The communication system 100 can employ one or more techniques for
providing MDT configuration information 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  WO
2012/021613PCT/US2011/047243 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, the serving cell 110 can use user plane
signaling to send MDT configuration information to the UE 105. For example,
dynamic overthe-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 the periodic downlink pilot 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 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 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 to the
network.       [0024] 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 configuring and performing logged MDT
measurements in accordance with the example methods and apparatus described
herein. Those portions of the UE 105 associated with other functionality
are omitted for clarity. [0025]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 limits on the number of neighbor cells
for which MDT measurements, such as periodic downlink pilot measurements,
are permitted to be reported (e.g., also referred to as neighbor cell
reporting limits), one or more offsets to be applied to the measurements
and/or an RSSI indicator to indicate whether RSSI is to be measured along
with the other configured periodic downlink pilot measurements. The UE 105
of FIG. 2 also includes an example periodic downlink pilot (PDP)  WO
2012/021613PCMJS2011/047243 measurement processor 210 to perform and log
periodic downlink pilot measurements for neighbor cells in accordance with
the neighbor cell reporting limits, offsets, RSSI indicator(s) and/or other
configuration information received by the measurement configuration
processor 205. Additionally, the UE 105 of FIG. 2 includes an example
global navigation satellite system (GNSS) processor 212 (or similar
processor) to perform location measurements in accordance with the MDT
configuration 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) MDT measurement(s)
determined by the PDP measurement processor 210 and/or location
measurements determined by the GNSS processor 212. 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 and/or location
measurements logged in the measurement logging storage 215, the UE 105 of
FIG. 2 includes a measurement reporting processor 220. Example
implementations and operation of the measurement configuration processor
205, the PDP measurement processor 210, the GNSS processor 212, the
measurement logging storage 215 and the measurement reporting processor 220
are illustrated in subsequent figures and desciibed in greater detail
below.      [0026] A block diagram of an example network element 300 that
may be used by the cell 110 of FIG. 1 to configure and process MDT
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
neighbor cell reporting limits, offsets and RSSI indicator(s) described
above and in greater detail below, to the UE 105. The network element 300
also includes an MDT reporting processor 310 to receive MDT measurement
reports/logs 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 received from one
or more UEs (e.g., including the UE 105) to a network  WO
2012/021613PCT/US2011/047243 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. 



[0027] While example manners of implementing the UE 105 and the cell 110 of
FIG. 1 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
PDP measurement processor 210, the example GNSS processor 212, 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, fu-mware and/or any combination of
hardware, software and/or firmware. Thus, for example, any of the example
measurement configuration processor 205, the example PDP measurement
processor 210, the example GNSS processor 212, 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 andior 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 PDP measurement
processor 210, the example GNSS processor 212, 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.  WO 2012/021613PCT/US2011/047243 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. [0028]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 PDP measurement processor 210, the example GNSS processor 212, 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.       [0029] 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 



WO 2012/021613PCT/US2011/047243 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
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.      [0030] An example process 400 that may be executed to
implement MDT measurement configuration 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 any general periodic
downlink pilot measurement parameters, such as the measurement periodicity,
included in the MDT configuration information received at block 405. At
block 415, the UE 105 configures any absolute priority layers for cell
reselection. For example, in networks supporting absolute priority layers,
each frequency or group of frequencies, and each RAT, can be a layer for
which an absolute priority is specified. The absolute priority of a
particular cell is then determined by the absolute priority layer (e.g.,
frequency and/or RAT) to which it belongs. The absolute priority
configuration information configured at block 415 can be received in system
information broadcast generally throughout the cell 110, and/or in a
dedicated message sent to the UE 105. Additionally or alternatively,
absolute priority configuration information can be included in the MDT
configuration information received at block 405 and used by the  WO
2012/021613PCT/US2011/047243 measurement configuration processor 205 to
configure one or more absolute priority layers for MDT measurement purposes
(e.g., even though the UE 105 is not configured to use absolute priority
for cell reselection). [0031]At block 420, the measurement configuration
processor 205 configures an 



upper limit on a total number of neighbor cells (e.g., among all absolute
priority layers, if configured) for which periodic downlink pilot
measurements are permitted to be reported, if such a limit is included in
the MDT configuration information received at block 405. At block 425, the
measurement configuration processor 205 configures any upper limit(s) on
neighbor cell measurement reporting that are related to absolute priority
layers, if such limit(s) are included in the MDT configuration information
received at block 405. For example, the MDT configuration information can
include one or more upper limits, each such upper limit associated with a
respective, specified absolute priority layer and specifying a maximum
number of cells in the specified absolute priority layer for which periodic
downlink pilot measurements are permitted to be reported. Additionally or
alternatively, the MDT configuration information can include one or more of
(1) a first upper limit to specify a first number of neighbor cells (e.g.,
NH), among all absolute priority layers having higher priority than an
absolute priority layer of the serving cell 110 of the UE 105, for which
periodic downlink pilot measurements are permitted to be reported; (2) a
second upper limit on a second number of neighbor cells (e.g., NL), among
all absolute priority layers having lower priority than the absolute
priority layer of the serving cell 110 of the UE 105, for which periodic
downlink pilot measurements are permitted to be reported; and/or (3) a
third upper limit on a third number of neighbor cells (e.g., NE), among all
absolute priority layers having priority equal to the absolute priority
layer of the serving cell 110 of the UE 105, for which periodic downlink
pilot measurements are permitted to be reported. [0032]At block 430, the
measurement configuration processor 205 configures any measurement
offset(s) included in the MDT configuration information received at block
405 and to be applied to periodic downlink pilot measurements for specified
cell(s). For example, one or more cells in a network may correspond to
pico, femto or relay cells transmitting at lower power than co-located
macro cells. In such examples, an offset may be specified and associated
with a  WO 2012/021613PCT/US2011/047243 particular cell identity (or type
or class of cell), with the offsets to be added to the periodic downlink
pilot measurements for the cell prior to ranking and logging in accordance
with any specified neighbor cell reporting limits. At block 435, the
measurement configuration processor 205 configures periodic downlink pilot
measurements to include RSSI measurements, if an indication to perform RSSI
measurements is included in the MDT configuration information received at
block 405. Execution of the example process 400 then ends.      [0033] An
example process 500 that may be executed to implement MDT 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 PDP measurement processor 210 included
in the UE 105 determines whether periodic downlink pilot measurements have
been triggered (e.g., based on expiration of a timer having a measurement
period specified by previously received MDT configuration information). If
periodic downlink pilot measurements have been triggered (block 505), then
at block 510 the PDP measurement processor 210 performs or obtains (e.g.,
from existing measurements already taken for cell reselection evaluation)
any configured periodic downlink pilot measurements (e.g., such as RSCP,
RSRP, etc.) for neighbor cells detectable by the UE 105. At block 515, the
PDP measurement processor 210 adjusts the measurements determined at block
510 by any configured offsets for any specified neighbor cells (e.g., based
on previously received MDT configuration information). At block 520, the
PDP measurement processor 210 ranks the neighbor cells, based on the values
of their respective downlink pilot measurements (adjusted by any offsets),
according to any configured absolute priority layers. At block 525, the PDP
measurement processor 210 logs the measurements in the measurement logging
storage 215 for the ranked neighbor cells according to any configured upper
limit(s) on the number of neighbor cells to be reported. The absolute
priorities and cell identities for the neighbor cells whose measurements
are logged can also be stored in the measurement logging storage 215 for
later reporting.      [0034] For example, at blocks 520 and 525, the PDP
measurement processor 210 can rank (if needed) all evaluated neighbor cells
based on the values of their respective downlink 



WO 2012/021613PCT/US2011/047243 pilot measurements and regardless of any
configured absolute priority layers, and then log the measurements for the
top ranked neighbor cells up to a configured upper limit on the total
number of neighbor cells for which periodic downlink pilot measurements are
permitted to be reported. Ranking may not need to be performed if no
offsets have been specified and the measurements have already been ranked
as part of the UE's cell reselection evaluation processing. As another
example, at blocks 520 and 525, the PDP measurement processor 210 can rank
the evaluated neighbor cells in a particular absolute priority layer based
on the values of their respective downlink pilot measurements, log the
measurements for the top ranked neighbor cells up to a configured upper
limit on the total number of neighbor cells in the particular absolute
priority layer for which periodic downlink pilot measurements are permitted
to be reported, and then repeat this procedure for neighbor cells in one or
more, or all, other configured absolute priority layer. In yet another
example, at blocks 520 and 525, the PDP measurement processor 210 can rank
the evaluated neighbor cells, based on the values of their respective
downlink pilot measurements, in all absolute priority layers having higher
priority than the priority of the serving cell 110, and log the
measurements for the top ranked neighbor cells up to a configured upper
limit on the total number of neighbor cells, among all absolute priority
layers having higher priority than an absolute priority layer of the
serving cell 110 of the UE 105, for which periodic downlink pilot
measurements are permitted to be reported. Additionally or alternatively,
at blocks 520 and 525. the PDP measurement processor 210 can rank the
evaluated neighbor cells, based on the values of their respective downlink
pilot measurements, in all absolute priority layers having lower priority
than the priority of the serving cell 110, and log the measurements for the
top ranked neighbor cells up to a configured upper limit on the total
number of neighbor cells, among all absolute priority layers having lower
priority than an absolute priority layer of the serving cell 110 of the UE
105, for which periodic downlink pilot measurements are permitted to be
reported. Additionally or alternatively, at blocks 520 and 525, the PDP
measurement processor 210 can rank the evaluated neighbor cells, based on
the values of their respective downlink pilot measurements, in all absolute
priority layers having equal priority to that of the serving cell 110, and
log the measurements for the top ranked neighbor cells up to a configured
upper limit on the total number of neighbor cells,  WO
2012/021613PCT/US2011/047243 among all absolute priority layers having
equal priority to the serving cell 110 of the UE 105, for which periodic
downlink pilot measurements are permitted to be reported. [0035]At block
530, the PDP measurement processor 210 determines whether PLMN scanning is
being performed. If PLMN scanning is performed (block 530), then at block
535 the PDP measurement processor 210 measures RS SI, if RSS1 measurement
was configured by the received MDT configuration information, in addition
to any other configured period downlink pilot measurements (e.g., RSCP,
RSRP, etc.). 



[0036]At block 540, the UE 105 determines whether it has entered connected
mode and a radio link has been established with its serving cell 110. If
the UE 105 is in connected mode (block 540), then at block 545 the
measurement reporting processor 220 included in the UE 105 reports the MDT
measurements logged in the measurement logging storage 215 (e.g., via
control plane signaling, user plane messages, etc.), as described above. At
block 550, the measurement reporting processor 220 also reports any
configured absolute priority layers. For example, if the UE 105 received
absolute priority layer configuration information via dedicated signaling,
the network may not retain the absolute priority layer configuration for
this particular UE 105. Thus, at block 550 the absolute priority layers
configured in the UE 105 are reported to enable proper interpretation of
the MDT measurements reported at block 545. Then, at block 555 the UE 105
clears the logs stored in the measurement logging storage 215, and the
example process 500 repeats. [0037]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 includes any general periodic
downlink pilot measurement configuration information, such as the
measurement periodicity, in the MDT configuration information to be sent to
the UE 105. At block 610, the MDT configuration processor 305 includes any
configuration parameters related to absolute priority layers, such as one
or more of the neighbor cell reporting limits and/or offsets described
above, as well as any configuration of  WO 2012/021613PCT/US2011/047243
absolute priority layer assignments themselves, in the MDT configuration
information. At block 615, the MDT configuration processor 305 includes an
indication in the MDT configuration information to indicate whether RSS I
is to be measured during PLMN scanning. [0038]Next, at block 620, 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 625, the MDT reporting processor 310 included in
the network element 300 implementing the cell 110 receives MDT measurement
logs from the UE 105 that were generated in accordance with the MDT
configuration information sent at block 620. For example, the MDT reporting
processor 310 can received the MDT measurement reports from 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.).
[0039] In yet another example, neighbor cell measurement reporting for MDT
can be limited by specifying the MDT measurement configuration to include
configuration of the measurements to be logged, such as the measurement
object (frequency), its priority and the maximum number of cells from the
measurement object which can be logged. In such an example, the measurement
quantity is fixed for logged MDT and consists of both RSRP and RSRQ for
E-UTRAN, both RSCP and Ec/No for UTRAN and Rxlev for GERAN. In the
preceding example, the term "measurement object" corresponds to "absolute
priority layer" as used previously herein. [0040]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. [0041]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  WO
2012/021613PCT/US2011/047243 



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 rnicrocontrollers, etc. Of
course, other processors from other families are also appropriate.
[0042] 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). [0043]The processing system 700 also
includes an interface circuit 724. The interface 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. [0044]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.
[0045]One or more output devices 728 are also connected to the inteiface
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. 



[0046]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  WO 2012/021613PCT/US2011/047243 network (e.g., an
Ethernet connection, a digital subscriber line (DSL), a telephone line,
coaxial cable, a cellular telephone system, etc.). [0047]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. [0048]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).
[0049]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 store
measurements of neighboring cells in a mobile communication network, the
method comprising:       processing, at the wireless device, configuration
information for periodic downlink pilot measurements to be stored by the
wireless device, the configuration information having an upper limit on a
number of neighbor cells for which periodic downlink pilot measurements are
permitted to be stored and reported, wherein the upper limit is a first
upper limit on a first number of neighbor cells, among all absolute
priority layers having higher priority than an absolute priority layer of a
serving cell of the wireless device, for which periodic downlink pilot
measurements are permitted to be reported, and wherein the configuration
information is further associated with: 



a second upper limit on a second number of neighbor cells, among all
absolute priority layers having lower priority than the absolute priority
layer of the serving cell of the wireless device, for which periodic
downlink pilot measurements are permitted to be reported; and             a
third upper limit on a third number of neighbor cells, among all absolute
priority layers having priority equal to the absolute priority layer of the
serving cell of the wireless device, for which periodic downlink pilot
measurements are permitted to be reported; and       storing, at the
wireless device, the periodic downlink pilot measurements in accordance
with the configuration information.  2.A tangible machine readable storage
medium comprising machine readable instructions which, when executed, cause
a machine to at least:       process, at a wireless device in a mobile
communication network, configuration information for periodic downlink
pilot measurements to be stored by the wireless device, the configuration
information having an upper limit on a number of neighbor cells for which
periodic downlink pilot measurements are permitted to be stored and
reported, wherein the upper limit is a first upper limit on a first number
of neighbor cells, among all absolute priority layers having higher
priority than an absolute priority layer of a serving cell of the wireless
device, for which periodic downlink pilot measurements are permitted to be
reported, and wherein the configuration information is further associated
with:             a second upper limit on a second number of neighbor
cells, among all absolute priority layers having lower priority than the
absolute priority layer of the serving cell of the wireless device, for
which periodic downlink pilot measurements are permitted to be reported;
and 



a third upper limit on a third number of neighbor cells, among all absolute
priority layers having priority equal to the absolute priority layer of the
serving cell of the wireless device, for which periodic downlink pilot
measurements are permitted to be reported; and       store, at the wireless
device, the periodic downlink pilot measurements in accordance with the
configuration information.        3. An apparatus to perform measurements
in a mobile communication network, the apparatus comprising: a processor
to:             process, at a mobile station in the mobile communication
network, configuration information for periodic downlink pilot measurements
to be stored by the mobile device, the configuration information having an
upper limit on a number of neighbor cells for which periodic downlink pilot
measurements are permitted to be stored and reported; and
store, at the mobile station, the periodic downlink pilot measurements in
accordance with the configuration information, wherein the upper limit is a
first upper limit on a first number of neighbor cells, among all absolute
priority layers having higher priority than an absolute priority layer of a
serving cell, for which periodic downlink pilot measurements are permitted
to be reported, and wherein the configuration information is further
associated with:       a second upper limit on a second number of neighbor
cells, among all absolute priority layers having lower priority than the
absolute priority layer of the serving cell, for which periodic downlink
pilot measurements are permitted to be reported; and 



a third upper limit on a third number of neighbor cells, among all absolute
priority layers having priority equal to the absolute priority layer of the
serving cell, for which periodic downlink pilot measurements are permitted
to be reported; and a memory to store the periodic downlink pilot
measurements.       4. An apparatus as defined in claim 3 wherein the
configuration infolination further includes absolute priority layer
configuration information, and wherein the memory is to store the absolute
priority layer configuration information.          5. An apparatus as
defined in claim 3 wherein the configuration information further includes
an offset to adjust periodic downlink pilot measurements associated with a
specified neighbor cell.       6. An apparatus as defined in claim 3
wherein the configuration information further includes an indication
indicating whether received signal strength indication (RSSI) is to be
measured when periodic downlink pilot measurements are performed during
public land mobile network (PLMN) scanning, and wherein the processor is to
log at least one of an RSSI measurement, a frequency, a PLMN identity or a
list of cell identities for a detected PLMN if the indication indicates
RSSI is to be measured.       7. A method as defined in claim 1 wherein the
configuration information further includes absolute priority layer
configuration information. 



8. A method as defined in claim 1 wherein the configuration information
further includes an offset to adjust periodic downlink pilot measurements
associated with a specified neighbor cell.       9. A method as defined in
claim 1 wherein the configuration infoimation further includes an
indication indicating whether received signal strength indication (RSSI) is
to be measured when periodic downlink pilot measurements are performed
during public land mobile network (PLMN) scanning, and wherein the method
further comprises logging at least one of an RSSI measurement, a frequency,
a PLMN identity or a list of cell identities for a detected PLMN if the
indication indicates RSSI is to be measured.       10. A method as defined
in claim 1 wherein storing the periodic downlink pilot measurements in
accordance with the configuration information comprises logging periodic
downlink pilot measurements according to the upper limit on the number of
neighbor cells.  11.A tangible machine readable storage medium as defined
in claim 2 wherein the configuration information further includes an offset
to adjust periodic downlink pilot measurements associated with a specified
neighbor cell. 








