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DESCRIPTION
Title of Invention

MOBILE RADIO COMMUNICATIONS NETWORK OPTIMISATION

Technical Field
[0001} '

The present invention relates to mobile radio communications network optimisation and,
in particular, to a mobile radio communications network device arranged to select at least one
mobile radio communications device for use in relation to network performance testing. The
present invention also relates to a mobile radio communications device for use with a network
arranged in the above manner, a signal containing information of characteristics of a mobile
radio communications device, methods for transmitting and receiving such a signal, a method for

seeking optimisation, and a related communications system.

Background Art

[0002]

The functionality afforded mobile radio communication devices such as cell phone
handsets has been increasingly defined by reference to the Third Generation Partnership Protocol
(3GPP) proposals and standards and which has focused most recently upon ongoing
improvements to the Universal Mobile Telecommunications System (UMTS) such as the Long
Term Evolution (LTE) ongoing improvement thereto.

[0003]

To perform network optimisation after a network has become operational, network
providers have implemented so-called drive testing. During drive testing, a test mobile phone
is configured to collect measurement and location information. The test mobile phone is
transported (of "driven") around an area comprising a portion of a network provider’s network
and collects the required information. Once this information has been collected, it is then
studied to analyse the network coverage in different locations. Various network parameters e.g.
power, antenna locations, antenna tilts, may be optimised baéed upon the analysis of the
retrieved information. The drive test would need to be performed again to determine if the

changes to the network parameters have actually improved (or optimised) the network.

Summary of Invention

Technical Problem
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[0004]

However, it is generally not sufficient to perform a single drive test (and follow-up drive
test) for a particular portion of a network. This is because the same drive test performed in the
same area but at a different time will produce different results. Therefore, it is desirable to
perform further drive tests at different times to predict the network behaviour, for example at
different loads.

[0005]

Network providers have recognised that performing drive tests can be costly and have a
negative impact on the environment due to the increase in vehicle emissions arising from
carrying out such tests. To address these issues, network providers have developed automated
solutions for carrying out network optimisation tests whereby mobile radio communications
device User Equipment (UE) in the field is employed as part of the testing. In these solutions,
information is acquired from active UE which are connected to the network of the provider
performing the network optimisation. '

[0006]

So-called Minimization of Drive Testing (MDT) is a development to manage UE based
network performance measurements and which can serve to reduce the number of drive tests
which are required during network optimisation. MDT relates to autonomous collection of UE
radio measurements using Control Plane architecture for both Universal Technology Radio
Access Network (UTRAN) and Evolved Universal Technology Radio Access Network
(E-UTRAN) systems and can allow a network provider to optimise network performance (e.g. to
detect coverage holes) and can allow improved network planning to enhance the network
coverage.

[0007]

Details of network performance measurement testing methods can be found within
3GPP Technical Specifications 32.422 and 37.320.

[0008]

Particular examples of MDT processes are illustrated in Figs. 1 and 2, which are
discussed briefly below, but are described in more detail later.

[0009]

Fig. 1 illustrates a schematic process signalling flow for an MDT process in an LTE
network. An Element Manager (EM) comprises a network managément entity whose role is to
configure functions in the network elements, including the UE MDT measurements in the
evolved NodeB (eNB). The eNB (or LTE base station when E-UTRAN is used as the radio
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access) 18 resiaonsible for selecting the UE devices for participating in MDT measurement
collections and configuring the MDT measurements towards UEs, i.e. the radio network sends
Radio Resource Configuration and Measurement Configuration which are radio level signalling
towards the UE. In this illustrative example, the UE comprises terminal équipment ora
device/handset which is capable of performing radio measurements for the purpose of an MDT
process.

[0010]

After receiving a Trace Session Activation request (including UE measurement
configuration - described further below in relation to Fig. 3) from the EM, the eNB is operative
to implement a Trace Session and saves the trace parameters. The eNB also retrieves UE
device capabilities from one or more UEs (i.e. UE1 to UEn). Selection of the UEs from which
measurements will be collected as part of the MDT process is performed by the eNB and is
based upon device capability requirements which have been received from the EM. The eNB
then sends Trace Activation/UE measurement configuration signals to each of the one or more
UEs (UE1 to UEn). A UE measurement report is sent by each of the one or more UEs (UE1 to
UEn) using the Radio Resource Control (RRC) protocol. Responsive to receipt of each of the
UE measurement reports at the eNB, a Mobility Management Entity (MME) retrieves the
permanent UE (subscriber) identity MDT configuration (i.e. International Mobile Subscriber
Identity (IMSI) or International Mobile Equipment Identity (Software Version) (IMEI (SV))) for
the given trace session and forwards these to a Trace Collection Entity (TCE) in case the
E-UTRAN does not have the permanent UE identity. The eNB stores the UE measurements to
a Trace Records storage module and then forwards a Trace Record report to the TCE.

[0011]

The TCE is operative to collect the UE measurements as received from the eNB and, in
some instances, can be co-located with the EM (i.e. implemented on the same machine or
physical entity).

[0012]

After receipt of the Trace Record report from the eNB, the TCE is operative to combine
the Trace Records with permanent UE identities based on Trace Reference and Trace Recording
Session Reference.

[0013]

Fig. 2 illustrates a schematic process signalling flow for an MDT process in a UMTS
network. An Element Manager (EM) comprises a network management entity whose role is to

configure functions in the network elements, including the UE MDT towards a Radio Network
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Controller (RNC). The RNC (or UMTS base station when UTRAN is used as the radio access)
is responsible for selecting the UE devices for participating in MDT measurements collections
and configuring the MDT measurements towards UEs i.e. the radio network sends Radio
Resource Configuration and Measurement Configuration which are radio level signalling
towards the UE. In this illustrative example, the UE comprises terminal equipment or a
device/handset which is capable of performing radio measurements for the purpose of an MDT
process.

[0014]

After receiving a Trace Session Activation request (including UE measurement
configuration - again, described further below in relation to Fig. 3) from the EM, the RNC is
operative to implement a Trace Session and saves the trace parameters. The RNC also retrieves
UE device capabilities from one or more UEs (i.e. UE1 to UEn). Selection of the UEs from
which measurements will be collected as part of the MDT process is performed by the RNC and
is based upon device capability requirements which have been received from the EM. The
RNC then sends Trace Activation/UE measurement configuration signals to each of the one or
more UEs (UE1 to UEn). A UE measurement report is sent by each of the one or more UEs
(UE1 to UEn) using the Radio Resource Control (RRC) protocol. Responsive\tb receipt of each
of the UE measurement reports, the RNC stores the UE measurements to a Trace Records
storage module and then forwards a Trace Record report to a Trace Collection Entity (TCE).

[0015]

The TCE is operative to collect the UE measurements as received from the RNC and, in
some instances, can be co-located with the EM (i.e. implemented on the same machine or
physical entity).

[0016]

After recéipt of the Trace Record report from the RNC, the TCE is operative to combine
the Trace Records with permanent UE (subscfiber) identities based on Trace Reference and Trace
Recording Session Reference.

[0017]

The types of UE which operate within a network generally fall within two broad
categories. The first category comprises Machine Type Communications (MTC) devices and
second comprises non-MTC devices (or "human-controlled" devices such as, for example, a
mobile phone). MTC devices may be used in fleet management or logistical applications which
require mobility and GPS (Global Positioning System) capability but do not require screens or

voice capability. Other solutions such as smart meters require low bandwidth, no mobility and
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no voice capability. These MTC devices are used to perform Machine-to-Machine (M2M)
communications.

[0018]

Currently, any device can be selected for MDT purposes including MTC devices and
non-MTC (i.e. human controlled) devices. Those UEs whose users have not given consent for
their device to be used as part of network performance measurement testing and roaming UEs
are excluded from MDT.

[0019]

An example of a current device selection process for MDT is illustrated in Fig. 3, which
is discussed briefly below, but is described in more detail later.

[0020]

Fig. 3 illustrates a schematic process signalling flow for selection of UE for
participation in an MDT process. It is derived from SAS TS 32.422 for UE selection for MDT
purpose.

[0021]

When UE registers to the Core Network (CN), it forwards its MDT capability
information to the core network as part of the Access Stratum (AS) capabilities for E-UTRAN.
This information is provided as a YES/NO capability bit information related to MDT. The
information is stored in the CN. |

[0022]

The performance of MDT measurements is activated by the EM which triggers the UE
radio measurements for the MDT process from the RAN (eNB). The EM sends a Trace Session
Activation command to the eNB. The command includes UE measurement configuration
information comprising, for example: a list of UTRAN/E-UTRAN radio cells; device capability
requirements (e.g. minimum battery status etc.); a list of measurements (e.g. measured radio
reception levels pertaining to the considered radio technology (Reference Signal Received Power
(RSRP)/Reference Signal Received Quality (RSRQ) for LTE)); a list of reporting triggers
depending on the measured events (e.g. periodic for RSRP/RSRQ measurements); a reporting
interval (for immediate MDT only); a reporting amount (for immediate MDT only); an event
threshold (for immediate MDT only); a logging interval (for logged MDT only); a logging
duration (for logged MDT only).

[0023]

Immediate MDT comprises functionality where the UE is connected to a network, and

where measurements are transmitted from the UE to the eNB immediately. Logged MDT, on
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the other hand, relates to measurements taken by the UE whilst in an idle state. These
measurements are stored in a measurement log of the UE for reporting to an eNB at a later point
in time.

[0024]

When the UE wishes to establish connection with the RAN (eNB) it initiates a RRC

.Connection Set-up process. Initially, the UE transmits a RRC Connection Request to the eNB.

The RRC Connection Request contains the UE identity (IMSI, TMSI, etc) and the RRC
establishment cause (e.g. low priority access, as in the illustrated example).

[0025]

Responsive to reception of the RRC Connection Request, the eNB transmits an RRC
Connection Set-up message to the UE. The RRC Connection Set-up message comprises
parameters required to establish a dedicated channel (DCH) between the UE and eNB.

[0026]

Upon reception of the RRC Connection Set-up message, the UE compares the
information element (IE) values and, if the values are identical, transmits a RRC Connection
Set-up Complete message via the DCH to the eNB. This RRC Connection Set-up Complete
message is conveyed by Non-Access Stratum Packet Data Units (NAS-PDUs).

[0027]

A Trace Recording Session shall be started at the eNB when it receives trace control and
configuration parameters (UE AS capabilities including MDT capability) via an Initial UE
Context Setup Request message from the CN (i.e. a trace session activation request). Such an
Initial UE Context Setup Request message is sent by the CN to the eNB in response to receipt of
an Initial UE Message from the eNB. That is, if MDT measurements need to be performed in
the area where the UE is, the eNB selects and configures the UE to perform the MDT
measurements according to UE MDT capability indicated.

[0028]

In the illustrated example, a trace recording session of logged MDT shall be started in
the eNB for a given UE when a trace session activation request (i.e. the Initial UE Context Setup
Request) is received from the CN for the UE and the MDT UE selection conditions are satisfied
for the UE. The eNB shall configure the corresponding MDT RRC measurements at the UE.

If selection conditions are not satisfied, the eNB shall store the trace control and configuration
parameters, and forward these parameters when the UE hands-over to other eNBs.

[0029]

In the above described processes, UE devices are selected for participation in MDT



10

15

20

25

30

WO 2013/021832 PCT/JP2012/069057
7

processes based on the attached RAN (i.e. location of the device) and the MDT capability of the
UE (i.e. the device needs to be MDT capable).

[0030]

International patent application W0O2010/145531 discloses a method and apparatus for
measuring a log by minimizing drive test (MDT). The method includes the steps of: creating
MDT log measurement configuration information; according to a predefined rule, sending said
MDT logging measurement configuration information to the connected user equipment (UE)
and/or the idle UE.

[0031]

International patent application WO2011/050846 discloses measures for enhancing
network performance monitoring. Such measures may for example comprise receiving a report
on measurements of terminal-related network performance parameters from a terminal, acquiring
information of access network-related network performance parameters, and combining the
received terminal-related network performance parameters and the acquired access
network-related network performance parameters into a combined network performance report.

[0032]

It will be appreciated that, when performing MDT processes, if MTCs are considered in
addition to non-MTC UE devices (as is the current situation), the amount of data collected can be
very large. The network does not distinguish between MTCs and non-MTCs when selecting
devices for MTD processes. Data collected from MTC devices during MDT processes is
generally less useful than that collected from non-MTC devices. Therefore, a large amount of
data collected is not useful (generally, the portion corresponding to that collected from the MTC
devices). Consequently, a large amount of signalling overhead is potentially wasted for
communication with MTC devices.

[0033]

The present invention seeks to provide a MDT process offering advantages over known
processes énd, in particular, to a mobile radio communications network device, and a mobile
radio communications device, arranged to implement such a MDT process in a manner

exhibiting advantages over known devices, and to related operational methods.

Solution to Problem
[0034]
According to an aspect of the present invention, there is provided a mobile radio

communications network device operative to collect network performance measurements and to
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select at least one mobile radio communications device from which network performance
measurements are to be collected if at least one parameter of the at least one mobile radio
communication device corresponds to at least one specified selection parameter, wherein the at
least one specified selection parameter comprises data identifying at least one mobile radio
communication device characteristic.

[0035]

The present invention may be applicable to MDT processes (which may be known as
management of UE based network performance measurements) in the LTE radio technology, and
to terminal equipment (handset) or User Equipment (UE) access to the Evolved Packet System
(EPS) through an E-UTRAN (Evolved Universal Technology Radio Access Network) radio
network. The present invention may also be applicable in UMTS radio technology and to
terminal equipment access to the CN through a UTRAN radio network. More specifically, the
present invention may be applicable to device selection in the context of collection of UE radio
measurements by a network operator and in particular to control the type of device relevant for
that data collection.

[0036]

The present invention may serve to reduce signalling overheads in relation to MDT
processes (i.e. MDT configuration and MDT data collection). Since the number of
Machine-Type communications can be up to at least two orders of magnitude higher than for
human-to-human communications, the signalling overhead reduction would be in this order if the
network is operative not to configure such MTC devices for MDT processes.

[0037]

The present invention may also serve to allow a network operator/provider to consider
only certain types of devices depending on what it wants to achieve with MDT measurements.
For example, small data transmissions devices may not be relevant for MDT data collection
targeting the network throughput (and so the network operator may wish to exclude these types
of device from the devices from which measurements are collected in an MDT process). On
the other hand, trouble-shooting of MTC devices might become a relevant business case in the
future, and so the network operator may wish to include these types of device in the devices from
which measurements are collected in an MDT process.

[0038]

The present invention may also serve to allow consideration of only those devices which
are human-controlled (i.e. non-MTC devices), for example, in instances where the network

operator wishes to perform network coverage optimization to improve user experience. Hence
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those (e.g. MTC) devices not fulfilling certain requirements (e.g. restricted time, low mobility,
low traffic, low energy characteristics) would not be considered during MDT measurement
collection. Such MTC devices are not relevant for UE (User Equipment) based network
performance measurements in this instance because the network operator wishes to improve the
network coverage and capacity primarily for human communications devices. Specifically, it
may be less relevant to improve the network coverage/capacity for machine type
communications devices at the radio cell edge. Furthermore, the consideration of user consent
or roaming is not needed when it comes to MTC device selection for the purpose of UE based
network performance measurements.

[0039]

The present invention may also serve to allow measurements to be taken from those
devices which are known to provide reliable location information (e.g. by virtue of them being
low mobility).

[0040]

The present invention may also serve to allow a network operator to check and improve
radio network throughput. In this instance, small data transmissions devices are not relevant for
UE based network performance measurements and so the invention can allow the network
operator to exclude such devices from consideration during the acquisition of UE based network
performance measurements.

[0041]

Extra low power consumption UE devices may not be relevant for UE based network
performance measurements because such measurements can drain the remaining battery of the
device which renders the device unable to transmit critical data to the network when needed (e.g.
periodic location information for a prisoner being tracked). The invention may be operative to
allow a network operator to exclude such devices from consideration during the acquisition of
UE based network performanée measurements. If such devices were required for acquisition of
measurements therefrom, the present invention may operate to allow a RAN to instruct the UE
device to switch to the most efficient power saving state (i.e. by release of the radio connection)
instead of configuring the device for long discontinuous reception/transmission periods.

[0042]

Low-memory UE devices may not be relevant for UE based network performance
measurements. Currently, the mandated memory size is set to 64 kbytes for the UE device to
gather a consistent minimal set of radio measurements. Howevef, it is deemed that some

machine type communications devices do not have such memory size. Therefore, the present
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invention may be operative to exclude such devices frorh consideration during the acquisition of
UE based network performance measurements.

[0043]

Low-mobility UE devices whose location area matches the targeted area scope of UE
based network performance measurements may be more relevant than high-mobility UE devices
which do not remain in the area for a sufficient length of time to allow collection of network
performance measurements therefrom. Therefore, the present invention may be operative to
exclude such devices from consideration during the acquisition of UE based network
performance measurements. The present invention may also be operative to cause a RAN not
to configure radio measurements reports from those UE devices.

[0044]

Optionally, some categories of UE devices (e.g. MTC) may not be selected. For
example: (a) those time controlled devices which send data at some specific point in time and are
not supposed to send data outside of the scheduled point in time; (b)small data transmissions
devices (which are not relevant for MDT data collection targeting the network throughput).
Further examples are extra low power consumption devices. These may not be selected or may
be preferred for selection over other (e.g. MTC) devices (e.g. low mobility devices whose
location area matches the targeted area scope of MDT for most of the time). In addition, MTC
devices operative to perform non-human communications may be selected regardless of user
consent and roaming characteristics.

[0045]

Currently, there are no mechanisms to consider the type of UE device selected for MDT
measurements configuration. Also, there are no mechanisms such as intelligent knowledge in
the network to enhance the selection of UE devices from the collected traces because those
cannot be linked to specific UE devices since the data is "anonymized" due to the presence of
user location information therein.

[0046]

Optionally, the at least one mobile radio communication device characteristic may
comprise an operational characteristic of the mobile radio communication device. Further
optionally, the mobile radio communication device operational characteristic may be configured
towards the mobile radio communication device. Yet further optionally, the configuration may
be implemented by way of Open Mobile Alliance Device Management (OMA DM) signalling.

[0047]

Optionally, the at least one mobile radio communication device characteristic may
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comprise data identifying a mobile radio communication device type. Further optionally, the
data identifying a mobile radio communication device type may be included in a Type of
Allocation Code (TAC) information field of mobile equipment identity information (for example,
so-called International Mobile Equipment Identity (IMEI)) and, yet further optionally, the data
identifying a mobile radio communication device type may comprise data specifying that
Machine-Type Communications (MTC) mobile radio communications devices are not to be
included in acquisition of network performance measurements by the network device.

[0048]

Optionally, the mobile radio communication device from which said network device
should acquire network performance measurements may be selected if each of a plurality of
parameters of that mobile radio communication device has a corresponding specified selection
parameter from a plurality of specified selection parameters.

[0049]

The network device may be operative to retrieve from the at least one mobile radio
communications device information indicative of at least one of: an access stratum (AS)
capability of said mobile radio communication device; said at least one mobile radio
communication device operational characteristic; and said mobile radio communication device
type. Further, the device may be operative to retrieve the information upon initial registration
of the mobile radio communication device with the network device. Also, the device may be
operative to store obtained indicative information, further wherein the information is selectable
to form at least a part of the selection parameters. Further optionally, the device may be
operative to transmit the stored obtained indicative information to a further network device ina
UE mobility process. | '

[0050]

Optionally, the network device may comprise first and second operational elements,
wherein the first operational element is operative to forward to the second operational element an
instruction comprising the selection parameters, further wherein, responsive to receipt of the
instruction, the second operational element invokes collection of network performance
measurements from one or more mobile radio communication devices having parameters
matching the selection parameters. In an optional arrangement, the instruction comprising the
selection parameters may comprise a trace session activation command and, further optionally,
information relating to each selection parameter may comprise at least one flag in the trace
session activation command.

[0051]
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Optionally, the operational characteristic of the mobile radio communication device may
relate to at least one of: mobility of the mobile radio communication device; call and/or data
traffic of the mobile radio communication device; memory capacity of the mobile radio
communication device; and battery life of the mobile radio communication device. Further
optionally, the mobile radio communication device selection does not take into account either
user consent or a roaming characteristic of the device.

[0052]

Optionally, the network device may be arranged such that the network performance
measurements are undertaken in a Minimization of Drive Testing (MDT) process.

[0053]

According to another aspect of the present invention, there is provided a mobile radio
communication device operative for configuration by the network device described above.

[0054]

Optionally, the mobile radio communication device may be operative to deactivate a
capability to partake in network performance measurements and, further optionally, may be
operative to provide, to the mobile radio communication network device, information indicative

of at least one of: an access stratum (AS) capability of said mobile radio communication device;

the at least one mobile radio communication device operational characteristic; and the mobile

radio communication device type. Yet further optionally, the mobile radio communication
device may be operative to set the at least one device operational characteristic as information in
a radio capability information module thereof.

[0055]

According to another aspect of the present invention, there is provided a mobile radio
communication device selection signal for network performance measurements, the signal
comprising data identifying at least one mobile radio communication device characteristic.

[0056] |

Optionally, the at least one mobile radio communication device characteristic may
comprise an operational characteristic of the mobile radio communication device. Further
optionally, the at least one mobile radio communication device characteristic may comprise data
identifying a mobile radio communication device type. Yet further optionally, the mobile radio
communication device type may be included in a Type of Allocation Code (TAC) information
field of mobile equipment identity information (for example, so-called International Mobile
Equipment Identity (IMEI)).

[0057]
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Optionally, the signal may comprise an OMA DM signal.

[0058]

According to a further aspect of the present invention, there is provided a method of
collecting network performance measurements, comprising: selecting at least one mobile radio
communications device from which network performance measurements are to be collected if at
least one parameter of the at least one mobile radio communication device corresponds to at least
one specified selection parameter, wherein the at least one specified selection parameter
comprises data identifying at least one mobile radio communication device characteristic.

[0059]

Optionally, the at least one mobile radio communication device characteristic may
comprise an operational characteristic of said mobile radio communication device. Further
optionally, the mobile radio communication device operational characteristic may be configured
towards the mobile radio communication device and, yet further optionally, the configuration
may be implemented by way of OMA DM signalling.

[0060]

Optionally, the at least one mobile radio communication device characteristic may
comprise data identifying a mobile radio communication device type. Further optionally, the
mobile radio communication device type may be included in a Type of Allocation Code (TAC)
information field of mobile equipment identity information (for example, so-called International
Mobile Equipment Identity (IMEI)). Yet further optionally, mobile radio communication
device selection does not take into account either user consent or a roaming characteristic of the
device.

[0061]

Optionally, the data identifying a mobile radio communication device type may
comprise data specifying that Machine-Type Communications (MTC) mobile radio
communications devices are not to be included in acquisition of network performance
measurements by the network device.

[0062]

Optionally, the method may further comprise selecting a mobile radio communication
device from which the network device should acquire network performance measurements if
each of a plurality of parameters of that mobile radio communication device has a corresponding
specified selection parameter from a plurality of specified selection parameters.

[0063]

Optionally, the method may further comprise the step of retrieving, from the at least one
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mobile radio communications device, information indicative of at least one of: an access §tratum
(AS) capability of the mobile radio communication device; the at least one mobile radio
communication device operational characteristic; and the mobile radio communication device
type. Further optionally, the retrieving step may be implemented upon initial registration of the
mobile radio communication device with the network device. Yet further optionally, the
method may comprise the step of storing obtained indicative information, wherein the
information is selectable to form at least a part of the selection parameters.

[0064]

Optionally, the method may further comprise the step of transferring the stored obtained
indicative information to a further network entity.

[0065]

Optionally, the method may further comprise the steps of forwarding, from a first
operational element to a second operational element, an instruction comprising the selection
parameters and, responsive to receipt of the instruction, collecting network performance
measurements from one or more mobile radio communication devices having parameters
matching said selection parameters. Further optionally, the instruction comprising said
selection parameters may comprise a trace session activation command and, yet further
optionally, information relating to each selection parameter may comprise at least one flag in the
trace session activation command.

[0066]

Optionally, the at least one mobile radio communication device operational
characteristic may relate to at least one of: mobility of the mobile radio communication device;
call and/or data traffic of the mobile radio communication device; memory capacity of the
mobile radio communication device; and battery life of the mobile radio communication device.

[0067]

Optionally, the network performance measurements may be undertaken in a
Minimization of Drive Testing (MDT) process.

[0068]

According to another aspect of the present invention, there is provided a method of
configuring a mobile radio communication device using a network device operating using the
method described above.

[0069]

Optionally, the method m'ay further comprise the mobile radio communication device

operating to deactivate a capability to partake in network performance measurements and, further
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optionally, may comprise providing, from the mobile radio communication device to the mobile
radio communication network device, information indicative of at least one of: an access stratum
(AS) capability of the mobile radio communication device; the at least one mobile radio
communication device operational characteristic; and the mobile radio communication device
type.

[0070]

Optionally, the method may further comprise setting the at least one device operational
characteristic as information in a radio capability information module of the mobile radio
communication device.

[0071]

According to another aspect of the present invention, there is provided a computer
program, computer program product or computer readable medium, comprising instructions for
enabling a mobile radio communication network device to carry out at least one of the methods
described above.

[0072]

According to another aspect of the present invention, there is provided a mobile radio
communication network device and/or a mobile radio communication device including a
computer program, computer program product or computer readable medium as described above.

[0073]

According to another aspect of the present invention, there is provided a mobile radio
communications system comprising: a mobile radio communications network device operative to
collect network performance measurements and to select at least one mobile radio
communications device from which network performance measurements are to be collected if at
least one parameter of the at least one mobile radio communication device corresponds to at least
one specified selection parameter, wherein the at least one specified selection parameter
comprises data identifying at least one mobile radio communication device characteristic; and a
mobile radio communication device operative for configuration by said network device.

[0074] |

Optionally, the at least one mobile radio communication device characteristic comprises
an operational characteristic of the mobile radio communication device. Further optionally, the
mobile radio communication device operational characteristic may be configured towards the
said mobile radio communication device. Yet further optionally, the device characteristic may
comprise data identifying a mobile radio communication device type.

[0075]
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Optionally, the mobile radio communication device type may be included in a Type of
Allocation Code (TAC) information field of mobile equipment identity information (for example,
so-called International Mobile Equipment Identity (IMEI)).

[0076]

Optionally, the data identifying a mobile radio communication device type may
comprise data specifying that Machine-Type Communications (MTC) mobile radio
communications devices are not to be included in acquisition of network performance
measurements by the network device.

[0077]

Optionally, data identifying a mobile radio communication device type may comprise
data specifying that Machine-Type Communications (MTC) mobile radio communications
devices are included in acquisition of network performance measurements by said network
device without consideration of user consent or a roaming characteristic of the device.

[0078]

Optionally, the mobile radio communication device from which the network device
should acquire network performance measurements may be selected if each of a plurality of
parameters of that mobile radio communication device has a corresponding specified selection
parameter from a plurality of specified selection parameters.

[0079]

Optionally, the network device may be operative to retrieve from the at least one mobile
radio communications device information indicative of at least one of: an access stratum (AS)
capability of the mobile radio communication device; the at least one mobile radio
communication device operational characteristic; and the mobile radio communication device
type. |

[0080]

Optionally, the network device may be operative to retrieve the information upon initial
registration of the mobile radio communication device with the network device.

[0081]

Optionally, the network device may be operative to store obtained indicative
information, further wherein the information is selectable to form at least a part of said selection
parameters.

[0082]

Optionally, the network device may be operative to transfer the stored obtained

indicative information.
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[0083]

Optionally, the system may comprise first and second operational elements, wherein the
first operational element is operative to forward to the second operational element an instruction
comprising the selection parameters, further wherein, responsive to receipt of the instruction, the
second operational element invokes collection of network performance measurements from one
or more mobile radio communication devices having parameters matching the selection
parameters.

[0084]

Optionally, the instruction comprising said selection parameters may comprise a trace
session activation command and, further optionally, wherein information relating to each
selection parameter may comprise at least one flag in the trace session activation command.

Yet further optionally, flag information relating to the mobile radio communication device type
may be included in a Type of Allocation Code (TAC) information field and, still further
optionally, the mobile radio communication device type may be conveyed in said TAC
information field.

[0085]

Optionally, the at least one operational characteristic of the mobile radio communication
device may relate to at least one of: mobility of the mobile radio communication device; call
and/or data traffic of the mobile radio communication device; memory capacity of the mobile
radio communicétion device; and battery life of the mobile radio communication device.

[0086]

Optionally, the system may be arranged such that the network performance
measurements are undertaken in a Minimization of Drive Testing (MDT) process.

[0087]

Optionally, the mobile radio communication device is operative to deactivate a
capability to partake in network performance measurements.

[0088]

Optionally, the mobile radio communication device may be operative to provide, to the
mobile radio communication network device, information indicative of at least one of: an access
stratum (AS) capability of the mobile radio communication device; the at least one mobile radio
communication device operational characteristic; and the mobile radio communication device
type.

[0089]

Optionally, the mobile radio communication device may be operative to set the at least
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one device operational characteristic as information in a radio capability information module

thereof.

Advantageous Effects of Invention

[0090]

According to the present invention, it is possible to provide a MDT process offering
advantages over known processes and, in particular, to a mobile radio communications network
device, and a mobile radio communications device, arranged to implement such a MDT process

in a manner exhibiting advantages over known devices, and to related operational methods.

Brief Description of Drawings

[0091]

[Fig. 1}

Fig. 1 is a sequence diagram illustrating a schematic process signalling flow for a
current MDT process in an LTE network.
[Fig. 2]

Fig. 2 is a sequence diagram illustrating a schematic process signalling flow for a
current MDT process in a UMTS network.
[Fig. 3]

Fig. 3 is a sequence diagram illustrating a schematic process signalling flow for a
current process for selection of UE devices for participation in an MDT process.
[Fig. 4A]

Fig. 4A is a sequence diagram illustrating a part of a schematic process signalling flow
for a process in accordance with a first one or more embodiments of the present invention for
selection of UE devices for participation in an MDT process.

[Fig. 4B]

Fig. 4B is a sequence diagram illustrating the remaining part of a schematic process
signalling flow for a process in accordance with a first one or more embodiments of the present
invention for selection of UE devices for participation in an MDT process.

[Fig. 5]

Fig. 5 is a sequence diagram illustrating a schematic process signalling flow for a
process in accordance with a second one or more embodiments of the present invention for
selection of UE devices for participation in an MDT process.

[Fig. 6]
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Fig. 6 is a schematic illustration of mobile radio communications User Equipment (UE)
according to first or second one or more embodiments of the present invention.
[Fig. 7]

Fig. 7 is a schematic illustration of a mobile radio communications network device

according to first or second one or more embodiments of the present invention.

Description of Embodiments

[0092]

One or more embodiments of the invention are described further hereinafter, by way of
example only, with reference to the accompanying drawings.

[0093]

Fig. 1 schematically illustrates a number of devices of a mobile radio communications
network, namely: an Element Manager (EM) 100; a Mobility Management Entity (MME) 102;
an evolved NodeB (eNB) 104; a number of user equipment (UE) devices UE1 (106(1)) to UEn
(106(n)); and a Trace Collection Entity (TCE) 108 (which, in an optional arrangement, may be
co-located with the EM, i.e. implemented on the same physical entity or machine). Also
illustrated are the flow of data and/or messages between these devices and operations performed
by the devices during a current MDT process in an LTE network.

[0094]

The EM 100 comprises a network management entity whose role is to configure
functions in the network elements, including the UE MDT measurements in the eNB 104. The
eNB 104 (or LTE base station when E-UTRAN is used as the radio access) is responsible for
selecting the UE devices for participating in MDT measurements collections and configuring the
MDT measurements towards UEs, i.e. the radio network sends Radio Resource Configuration
and Measurement Configuration which are radio level signalling towards the UE. In this
illustrative example, the UE comprises terminal equipment or a device/handset which is capable
of performing radio measurements for the purpose of an MDT process.

[0095]

Initially, the EM 100 transmits a Trace Session Activation request 110 (including UE
measurement configuration) to the eNB 104. The UE measurement configuration can include
information indicative of the UE device capabilities, i.e. the types of UE device which the EM
100 has specified should be included within the Trace Session.

[0096]

Responsive to reception of the trace session activation request 110, the eNB 104
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implements a Trace Session and saves the trace parameters 112.

[0097]

The eNB 104 is also operative to retrieve 114 UE device capabilities from the UEs
106(1) to 106(n). Upon receipt of the UE device capabilities for UEs 106(1) to 106(n), the eNB
104 selects 116 the UEs 106(1) to 106(n) from which measurements will be collected as part of
the MDT process. This selection is based upon device capability requirements which have been
received from the EM 100 as part of the UE measurement configuration data. The eNB 104
then sends a first Trace Activation/UE measurement configuration signal 118(1) to a first
selected UE 106(1), i.e. a UE device which has capabilities which match those specified by the
EM 100 and which has been selected by the eNB 104 because of this. The eNB 104 is
operative to send further Trace Activation/UE measurement configuration signals 118(n), if
appropriate, to each of the one or more remaining UEs 106(2) to 106(n) selected by the eNB 104
whose capabilities match those specified by the EM 100.

[0098]

After the first selected UE 106(1) has received the Trace Activation/UE measurement
configuration signal 118(1) from the eNB 104, the UE 106(1) sends a UE measurement report
120(1) to the eNB 104 using the Radio Resource Control (RRC). Responsive to receipt of UE
measurement report 120(1) at the eNB 104, the MME 102 retrieves 122(1) the permanent UE
(subscriber) identity MDT configuration (i.e. International Mobile Subscriber Identity (IMSI) or
International Mobile Equipment Identity (Software Version) (IMEI (SV))). The retrieved
permanent UE (subscriber) identity MDT configuration for the given trace session is forwarded
124(1) to the TCE 108 in case the E-UTRAN does not have the permanent UE identity. The
eNB 104 is operative to store 126(1) the UE measurements to a Trace Records storage module.

[0099] |

Steps 120(n), 122(n), 124(n) and 126(n) corresponding to those steps 120(1), 122(1),
124(1), and 126(1) respectively are carried out in relation to each of the one or more remaining
UEs 106(2) to 106(n) selected by the eNB 104 whose capabilities match those specified by the
EM 100.

[0100]

Upon completion of the steps 120(1) to 120(n), 122(1) to 122(n), 124(1) to 124(n) and
126(1) to 126(n), the eNB 104 forwards a Trace Record report 128 to the TCE 108.

[0101] '

Responsive to receipt of the Trace Record report from the eNB 104, the TCE 108 is

operative to combine 130 the Trace Records with permanent UE identities based on Trace
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Reference and Trace Recording Session Reference.

[0102]

A similar process is now described with reference to Fig. 2 which illustrates flow of data
and/or messages between devices of a mobile radio communications network and operations
performed by the devices during a current MDT process in an UMTS network.

[0103]

Fig. 2 schematically illustrates a number of devices of the mobile radio communications
network, namely: an Element Manager (EM) 200; a Radio Network Controller (RNC) 202; a
number of user equipment (UE) devices UE1 (204(1)) to UEn (204(n)); and a Trace Collection
Entity (TCE) 206 (which, in an optional arrangement, may be co-located with the EM, i.e.
implemented on the same physical entity or machine). As mentioned above, also illustrated are
the flow of data and/or messages between these devices and operations performed by the devices
during the MDT process.

[0104]

The EM 200 comprises a network management entity whose role is to configure
functions in the network elements, including the UE MDT measurements towards the RNC 202.
The RNC 202 (or UMTS base station when UTRAN is used as the radio access) is responsible
for selecting the UE devices for participating in MDT measurements collections and configuring
the MDT measurements towards UEs, i.e. the radio network sends Radio Resource
Configuration and Measurement Configuration which are radio level signalling towards the UE.
In this illustrative exémple, the UE comprises terminal equipment or a device/handset which is
capable of performing radio measurements for the purpose of an MDT process.

[0105]

Initially, the EM 200 transmits a Trace Session Activation request 208 (including UE
measurement configuration) to the RNC 202. The UE measurement configuration can include
information indicative of the UE device capabilities, i.e. the types of UE device which the EM
200 has specified should be included within the Trace Session.

[0106]

Responsive to reception of the trace session activation request 208, the RNC
implements a Trace Session and saves the trace parameters 210.

[0107]

The RNC 202 is also operative to retrieve 212 UE device capabilities from the UEs
204(1) to 204(n). Upon receipt of the UE device capabilities for UEs 204(1) to 204(n), the
RNC 202 selects 214 the UEs 204(1) to 204(n) from which measurements will be collected as
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part of the MDT process. This selection is based upon device capability requirements which
have been received from the EM 200 as part of the UE measurement configuration data. The
RNC 202 then sends a first Trace Activation/UE measurement configuration signal 216(1) to a
first selected UE 204(1), i.e. a UE device which has capabilities which match those specified by
the EM 200 and which has been selected by the RNC 202 because of this. The RNC 202 is
operative to send further Trace Activation/UE measurement configuration signals 216(n), if
appropriate, to each of the one or more remaining UEs 204(2) to 204(n) selected by the RNC 202
whose capabilities match those specified by the EM 200.

[0108]

After the first selected UE 204(1) has received the Trace Activation/UE measurement
configuration signal 216(1) from the RNC 202, the UE 204(1) sends a UE measurement report
218(1) to the RNC 202 using the Radio Resource Control (RRC). Responsive to receipt of UE
measurement report 218(1) at the RNC 202, the RNC 202 stores 220(1) the UE measurements to
a Trace Records storage module. '

[0109]

Steps 216(n), 218(n), and 220(n) corresponding to those steps 216(1), 218(1), and
220(1) respectively are carried out in relation to each of the one or more remaining UEs 204(2)
to 204(n) selected by the RNC 202 whose capabilities match those specified by the EM 200.

[0110]

Upon completion of the steps 216(1) to 216(n), 218(1) to 218(n), and 220(1) to 220(n),
the RNC 202 forwards a Trace Record report 222 to the TCE 206.

[0111]

Responsive to receipt of the Trace Record report from the RNC 202, the TCE 206 is
operative to combine 224 the Trace Records with permanent UE identities based on Trace
Reference and Trace Recording Session Reference.

[0112]

Fig. 3 illustrates a schematic process signalling flow for a current process for selection
of UE devices for participation in an MDT process. It is derived from SAS TS 32.422 for UE
selection for MDT purpose.

[0113]

A number of devices of a mobile radio communications network are illustrated along
with the flow of data and/or messages between those devices during the process for selection of
UE devices for participation in an MDT process. These devices comprise: a UE 300; a RAN
(eNB) 302; a Core Network (CN) 304 and an EM 306.
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[0114]

When UE 300 registers to the CN 304, it forwards 308 its MDT capability information
to the core network as part of the Access Stratum (AS) capabilities for E-UTRAN. This
information is stored in the CN.

[0115]

An MDT measurements activation process 310 comprises the steps of the EM 306
triggering 312 the UE radio measurements for the MDT process from the RAN (eNB) 302. The
EM 306 is operative to send a Trace Session Activation command 314 to the eNB 302. The
command includes UE measurement configuration information comprising, in the illustrated
example: a list of UTRAN/E-UTRAN radio cells; device capability requirements (e.g. minimum
battery status etc.); a list of measurements (e.g. measured radio reception levels pertaining to the
considered radio technology (Reference Signal Received Power (RSRP)/Reference Signal
Received Quality (RSRQ) for LTE)); a list of reporting triggers depending on the measured
events (e.g. periodic for RSRP/RSRQ measurements); a reporting interval (for immediate MDT
only); a reporting amount (for immediate MDT only); an event threshold (for immediate MDT
only); a logging interval (for logged MDT only); a logging duration (for logged MDT only).

[0116]

Immediate and Loggéd MDT have been described previously.

[0117]

When the UE 300 wishes to establish connection with the RAN (eNB) 302 it initiates a
RRC Connection Set-up process 316 comprising steps 318, 320 and 322. Initially, the UE 300
transmits a RRC Connection Request 318 to the eNB 302. The RRC Connection Request 318
contains the UE identity (IMSI, TMSI, etc) and the RRC establishment cause (e.g. low priority
access, as in the illustrated example).

[0118]

Responsive to reception of the RRC Connection Request 318, the eNB 302 transmits an
RRC Connection Set-up message 320 to the UE 300. The RRC Connection Set-up message
320 comprises parameters required to establish a dedicated channel (DCH) between the UE 300
and eNB 302.

[0119]

Upon reception of the RRC Connection Set-up message 320, the UE 300 compares the
information element (IE) values and, if the values are identical, transmits a RRC Connection
Set-up Complete message 322 via the DCH to the eNB. This RRC Connection Set-up
Complete message 322 is conveyed by Non-Access Stratum Packet Data Units (NAS-PDUSs).
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[0120]

A Trace Recording Session is started at the eNB 302 when it receives trace control and
configuration parameters (UE AS capabilities including MDT capability) via an Initial UE
Context Setup Request meséage 326 from the CN 304 (i.e. a trace session activation request).
Such an Initial UE Context Setup Request message 326 is sent by the CN 304 to the eNB 302 in
response to receipt of an Initial UE Message 324 from the eNB 302. That is, if MDT
measurements need to be performed in the area where the UE 300 is, the eNB 302 selects and
configures 328 the UE 300 to perform the MDT measurements according to UE MDT capability
indicated. The UE 300 is instructed to start a logged MDT process upon receipt of an
instruction 330 from the eNB 302.

[0121]

In the illustrated example, a trace recording session of logged MDT shall be started in
the eNB 302 for a given UE 300 when a trace session activation request (i.e. the Initial UE
Context Setup Request 326) is received from the CN 304 for the UE 300 and the MDT UE
selection conditions are satisfied for the UE 300. The eNB 302 is operative to configure the
corresponding MDT RRC measurements at the UE 300. If selection conditions are not satisfied,
the eNB 302 is operative to store the trace control and configuration parameters, and forward
these parameters when the UE hands-over to other eNBs.

[0122]

In the above described processes, UE devices are selected for participation in MDT
processes based on the attached RAN (i.e. location of the device) and the MDT capability of the
UE (i.e. the device needs to be MDT capable).

[0123]

There are no mechanisms to consider the type of UE device selected for MDT
measurements configuration. Also, there are no mechanisms such as intelligent knowledge in
the network to enhance the selection of UE devices from the collected traces because those
cannot be linked to specific UE devices since the data is "anonymized" due to the presence of
user location information therein.

[0124]

It will be appreciated that, when performing MDT processes, if MTCs are considered in
addition to non-MTC UE devices (i.e. current situation as described above in relation to Figs. 1
to 3), the amount of data collected can be very large. The network does not distinguish between
MTCs and non-MTCs when selecting devices for MTD processes. Data collected from MTC

devices during MDT processes is generally less useful than that collected from non-MTC
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devices. It follows, therefore, that a large amount of data collected is not useful (generally, the
portion corresponding to that collected from the MTC devices). Consequently, a large amount
of signalling overhead is potentially wasted for communication with MTC devices.

[0125]

Figs. 4A and 4B illustrate a schematic process signalling flow for a process in
accordance with a first one or more embodiments of the present invention for selection of UE
devices for participation in an MDT proceSs;

[0126]

A number of devices of a mobile radio communications network are illustrated along
with the flow of data and/or messages between those devices during the process for selection of
UE devices for participation in an MDT process. These devices comprise: a UE 400; a RAN
(eNB) 402; a CN 404; an Machine-Type Communication (MTC) server 406; and an EM 408.

(0127}

In general, the network is operative tb consider certain characteristics of devices related
to machine type communications (such as, for example, data, memory, battery, power, mobility)
to enable UE radio configuration and/or UE-based network performance measurements data
collection.

[0128]

The MTC server 406 is operative to configure 410 the device characteristics (such as,
for example, mobility, traffic, memory and battery) in application layers (e.g. NAS layer using
Open Mobile Alliance Device Management (OMA DM)) of the UE 400. These characteristics
are applicable throughout the lifetime of the device.

[0129]

Further to device characteristics provided by the application layers, the UE device 400
is operative 412 to deactivate its MDT capability (i.e. static setting). In an optional
arrangement, which is also illustrated in Fig. 4A, the UE device 400 is operative 412 to set the
device characteristics as new information in a radio capability information module of the UE 400.
The UE 400 is operative to include in a dedicated radio signalling message (e.g. an RRC
message) an indication that the UE 400 has deactivated its MDT capability and/or an indication
of the device characteristics of the UE 400,

[0130]

A UE AS capabilities exchange 414 between the UE 400, RAN (eNB) 402 and CN 404,
will now be described. The UE AS capabilities exchange 414 occurs at first registration of the
UE 400 with the CN 404.
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[0131]

During this first registration process, the UE 400 is operative to establish a connection
with the RAN (eNB) 402 by initiating a RRC Connection Set-up process 416 comprising steps
418, 420 and 422. Initially, the UE 400 transmits a RRC Connection Request 418 to the RAN
(eNB) 402. The RRC Connection Request 418 contains the UE identity (IMSI, TMSI, etc) and
the RRC establishment cause (e.g. low priority access, as in the illustrated example).

[0132] |

Responsive to reception of the RRC Connection Request 418, the RAN (eNB) 402
transmits an RRC Connection Set-up message 420 to the UE 400. The RRC Connection Set-up
message 420 comprises parameters required to establish a dedicated channel (DCH) between the
UE 400 and RAN (eNB) 402.

[0133]

The RRC Connection Set-up message 420 configures the signalling radio bearer to the
UE so that the UE transmits a RRC Connection Set-up Complete message 422 via the DCH to
the RAN (eNB) 402. This RRC Connection Set-up Complete message 422 is conveyed by
Non-Access Stratum Packet Data Units (NAS-PDUs) Attach request. | This is the so-called NAS
message for first UE registration to Core Network.

[0134]

An Initial UE Context Setup Request message 426 is sent by the CN 404 to the RAN
(eNB) 402 in response to receipt of an Initial UE Message 424 from the RAN (eNB) 402.

[0135]

In the process illustrated in Fig. 4A, the CN 404 does not provide the RAN (eNB) 402
with the UE AS capabilities. Therefore, in order to obtain such UE AS capabilities, the RAN
(eNB) 402 sends an RRC UE Capability Enquiry request 428 to the UE 400. Responsive to
receipt of the RRC UE Capability Enquiry request 428, the UE 400 fransmits a message 430
containing data identifying the UE AS capabilities of the UE 400. The message 430 also
includes either data identifying whether or not the MDT capability of the UE 400 has been
disabled (i.e. if it has been set to "OFF"), or data identifying the device characteristics of the UE
400 (such as, for example, mobility, traffic, memory and battery). In an optional arrangement,
the message may include both of these sets of data.

[0136]

Upon receipt of this data (i.e. via message 430) from UE 400, the RAN (eNB) 402
forwards it to the CN 404 by way of a UE capability Info Indication message 432. Such data
(i.e. data identifying the UE AS capabilities of the UE 400, data identifying whether or not the
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MDT capability of the UE 400 has been disabled, and/or data identifying the device
characteristics of the UE 400) is stored in the CN 404 for future retrieval. Thus, when the RAN
(eNB) 402 requires such data in the future, it does not need to perform a RRC UE Capability
Enquiry procedure again, but rather can obtain the information by requesting it from the CN 404.

[0137]

In the illustrated arrangement of Fig. 4B, an MDT measurements activation process 434
comprises the steps of the EM 408 triggering 436 the UE radio measurements for the MDT
process from the RAN (eNB) 402. The EM 408 is operative to send a Trace Session Activation
command 438 to the RAN (eNB) 402. The command 438 includes UE measurement
configuration information comprising, in the illustrated example: a list of UTRAN/E-UTRAN
radio cells; device capability requirements (e.g. minimum battery status etc.); a specification of
the UE device type (e.g. MTC and/or non-MTC) to be selected for the network performance
measurement; a specification of at least one UE device characteristic, i.e. a characteristic which
the UE device should have if it is to be included in the network performance measurement (such
as, for example, mobility, traffic, memory and battery); a list of measurements (e.g. measured
radio reception levels pertaining to the considered radio technology (Reference Signal Received
Power (RSRP)/Reference Signal Received Quality (RSRQ) for LTE)); a list of reporting triggers
depending on the nﬁeasured events (e.g. periodic for RSRP/RSRQ measurements); a reporting
interval (for immediate MDT only); a reporting amount (for immediate MDT only); an event
threshold (for immediate MDT only); a logging interval (for logged MDT only); a logging
duration (for logged MDT only).

[0138]

The UE device type (i.e. MTC and/or non-MTC) to be selected is indicated by a MTC
devices parameter flag which is included in the Trace Session Activation command 438. The
MTC devices parameter flag is set to "ON" if the network performance measurements should
include MTC devices and to "OFF" if MTC devices are not to be included in the network
performance measurements. In an optional arrangement, the MTC devices parameter flag is set
to "OFF" if the network performance measurements should include MTC devices and to "ON" if
MTC devices are not to be included in the network performance measurements.

[0139]

Each UE device characteristic which the UE device should have if it is to be included in
the network performance measurement is indicated by a corresponding UE device characteristic
parameter flag which is included in the Trace Session Activation command 438. Each UE

device characteristic parameter flag is set to "ON" if the network performance measurements
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should include UE devices having characteristics corresponding to that of the UE device
characteristic parameter flag. Otherwise, if a particular device characteristic is not to be
considered in the network performance measurements, then the UE device characteristic
parameter flag is set to "OFF".

[0140]

When the UE 400 wishes to establish connection with the RAN (eNB) 402 it initiates a
RRC Connection Set-up process 440 comprising steps 442, 444, 446. Initially, the UE 400
transmits a RRC Connection Request 442 to the RAN (eNB) 402. The RRC Connection
Request 442 contains the UE identity (IMSI, TMSI, etc) and the RRC establishment cause.

[0141]

Responsive to reception of the RRC Connection Request 442, the RAN (eNB) 402
transmits an RRC Connection Set-up message 444 to the UE 400. The RRC Connection Set-up
message 320 comprises parameters required to establish a dedicated channel (DCH) between the
UE 400 and RAN (eNB) 402.

[0142] |

Upon reception of the RRC Connection Set-up message 444, the UE 400 compares the
information element (IE) values and, if the values are identical, transmits a RRC Connection
Set-up Complete message 446 via the DCH to the RAN (eNB) 402. This RRC Connection
Set-up Complete message 446 is conveyed by Non-Access Stratum Packet Data Units
(NAS-PDUEs).

[0143]

A Trace Recording Session is started at the RAN (eNB) 402 when it receives trace
control and configuration parameters (UE AS capabilities including MDT capability, and further
parameters comprising device characteristics and/or device type) via an Initial UE Context Setup
Request message 450 from the CN 404 (i.e. a trace session activation request). Such an Initial
UE Context Setup Request message 450 is sent by the CN 404 to the RAN (eNB) 402 in
response to receipt of an Initial UE Message 448 from the RAN (eNB) 402. That is, if MDT
measurements need to be performed in the area where the UE 400 is, the RAN (eNB) 402 selects
and configures 452 the UE 400 to perform the MDT measurements according to UE MDT
capability and device characteristics indicated. The UE 400 is instructed to start a logged MDT
process upon receipt of an instruction 454 from the RAN (eNB) 402.

[0144]

In the illustrated arrangement, the device characteristics such as, for example, mobility,

traffic, memory, and battery, are included in the Initial UE Context Setup Request message 450
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regardless of the consent and roaming characteristics of the device. In addition, if the device
type has been set to "ON" and device characteristics have been specified in the Trace Session
Activation command 438, the RAN (eNB) 402 is operative to take into consideration the device
characteristics for UE device selection (for a MDT process), where those device characteristics
have been provided to the RAN (eNB) 402 from the CN 404 in the Initial UE Context Setup
Request message 450.

[0145]

If one of the specified device characteristics is "low power", the RAN (eNB) 402 is
operative, once it has performed the network performance measurements (i.e. trace session), to
leave a relevant UE device which formed part of the session in the most efficient power saving
state. The RAN (eNB) 402 is operative to implement this power saving state in the relevant UE
device by releasing the radio connection with the UE device by transmitting an RRC Connection
Release command 456 to the relevant UE device.

[0146]

Further, if one of the specified device characteristics is "low mobility", the RAN (eNB)
402 is operative, once it has performed the network performance measurements (i.e. trace
session), to leave a relevant UE device which formed part of the session in a state where radio
measurement reports will not be supplied by the UE device. The RAN (eNB) 402 is operative
to implement this state in the relevant UE device in the same manner as for the power saving
state implementation, i.e. by releasing the radio connection with the UE device by transmitting
the RRC Connection Release command 456 to the relevant UE device.

[0147]

In Fig. 4B, a trace recording session of logged MDT shall be started in the RAN (eNB)
402 for a given UE 400 when a trace session activation request (i.e. the Initial UE Context Setup
Request 450) is received from the CN 404 for the UE 400 and the MDT UE selection conditions
are satisfied for the UE 400. '

[0148]

In the arrangement illustrated in Fig. 4B, an MTC devices parameter ON/OFF flag (aka
device type flag) is included in UE measurement configuration information which is sent from
the EM 408 towards the RAN (eNB) 402.  If the aforementioned device fype has been
previously set to ON in the Trace Session Activation from EM 408 , the RAN (eNB) 402 takes
into consideration the received device type information received from the CN 404 for UE
selection for MDT purpose.

[0149] |
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An MTC device characteristic parameter ON/OFF flag (e.g. low mobility ON/OFF, low
traffic ON/OFF, low memory ON/OFF and low battery ON/OFF) is added to UE measurement
configuration information from the EM 408 towards the RAN (eNB) 402. If an aforementioned
parameter has been previously set to ON in the Trace Session Activation from EM 408, the RAN
(eNB) 402 takes into consideration the received (from the CN) device characteristics for UE
selection for MDT purpose.

[0150]

The MTC server 406 is operative to configure the device characteristics to the UE
application layers via OMA DM. Further to device characteristics as provisioned by the
application layers, the UE 400 is operative to either: deactivate its MDT capability; or set the
device characteristics as new information in the radio capability information further sent towards
the RAN (eNB) 402. These device characteristics can be stored within the UE radio
capabilities in the CN 404 at UE registration to the network.

[0151] ‘

As described previously, the specified UE device characteristics related to mobility,
traffic, memory and battery are included by the CN 404 towards the RAN (eNB) 402 regardless
of the consent and roaming characteristics of the device.

[0152]

Fig. 5 illustrates a schematic process signalling flow for a process in accordance with a
second one or more embodiments of the present invention for selection of UE devices for
participation in an MDT.

[0153]

A number of devices of a mobile radio communications network are illustrated along
with the flow of data and/or messages between those devices during the process for selection of
UE devices for participation in an MDT process. These devices comprise: a UE 500; a RAN
(eNB) 502; a CN 504; and an EM 506.

C [0154] | |

When UE 500 registers to the CN 504, it forwards 508 its MDT capability information
to the core network as part of the AS capabilities for EFUTRAN. This information is stored in
the CN 504. -

[0155]

An MDT measurements activation process 510 of the illustrated arrangement is
identical to the MDT measurements activation process 434 described in relation to Fig. 4B.

[0156]
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When the UE 500 wishes to establish connection with the RAN (eNB) 502 it initiates a
RRC Connection Set-up process 512 comprising steps 514, 516 and 518. Initially, the UE 500
transmits a RRC Connection Request 514 to the RAN (eNB) 502.

[0157]

Responsive to reception of the RRC Connection Request 514, the RAN (eNB) 502
transmits an RRC Connection Set-up message 516 to the UE 500. The RRC Connection Set-up
message 516 comprises parameters required to establish a dedicated channel (DCH) between the
UE 500 and RAN (eNB) 502.

[0158]

Upon reception of the RRC Connection Set-up message 516, the UE 500 compares the
IE values and, if the values are identical, transmits a RRC Connection Set-up Complete message
518 via the DCH to the RAN (eNB) 502.  This RRC Connection Set-up Complete message 518
is conveyed by NAS-PDUs.

[0159]

A Trace Recording Session is started at the RAN (eNB) 502 when it receives trace
control and configuration parameters (UE AS capabilities including MDT capability and an
indication of device type) via an Initial UE Context Setup Request message 522 from the CN
504 (i.e. a trace session activation request). Such an Initial UE Context Setup Request message
522 is sent by the CN 504 to the RAN (eNB) 502 in response to receipt of an Initial UE Message
520 from the RAN (eNB) 502. Thatis, if MDT measurefnents need to be performed in the area
where the UE 500 is, the RAN (eNB) 502 selects and configures 524 the UE 500 to perform the
MDT measurements according to UE MDT capability and device type indicated. The UE 500
is instructed to start a logged MDT process upon receipt of an instruction 526 from the RAN
(eNB) 502.

[0160]

In the above described process of Fig. 5, UE devices are selected for participation in
MDT processes based on the attached RAN (i.e. location of the device), the MDT capability of
the UE (i.e. the device needs to be MDT capable) and the device type (e.g. MTC and/or
non-MTC).

[0161]

In the illustrated arrangement of Fig. 5, the device type is identified by way of device
identity information, i.e. IMEI or a subset of the IMEI (Type of Allocation (TAC). That is, the
device identity (IMEI) or the subset thereof (TAC) are sent by the CN 504 to the RAN (eNB)
502. Optionally, bits of the current TAC are used to identify MTC devices. Further optionally,
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the encoding of the TAC to identify MTC devices can be provided in the most significant digits
of the information.

[0162]

In the above described arrangements of Figs. 4A, 4B and 5, EM is operative to control
whether or not some categories of devices (e.g. MTC) are selected for an MDT process. As
described, this is implemented by adding a configuration parameter in the Trace Session
Activation message towards the RAN. The RAN may then operate to carry out the remainder
of one of the processes described in Figs. 4A and 4B, or Fig. 5.

[0163]

With reference to Fig. 6 there is provided a schematic illustration of a mobile radio
communications device UE 600 in the form of a mobile phone handset and having a standard air
interface comprising antenna 602 and reception/transmission 604 functionally connected within
the handset to memory storage 606, a processor 608 and a user interface 610.

[0164]

Within the illustrated embodiment, the processor 608 includes an MDT capability
deactivation function 612 which is bperative to deactivate the MDT capability of the UE 600.
The processor 608 also includes device characteristics confirmation function 614 which is
operative to include the device characteristics (such as, for example, mobility, traffic, memory
and battery) as new information in the radio capability information or some dedicated radio
(RRC) signalling message.

[0165]

The present invention also provides for a radio communication network device 700
arranged, for example, with an interface 702 to a Radio Network Controller and an interface 704
to a GSM (Global System for Mobile communications) network via a Base Station Controller
(BSC), wherein the network device 700 includes memory 706 and a processor 708 in which the
processor 708 can include a device type identifier function 710 for adding, to UE measurement
configuration information, a specification of the UE device type (e.g. MTC and/or non-MTC) to
be selected for the network performance measurement.

[0166]

Further, the processor 708 can include a device characteristic parameter function 712 for

adding, UE measurement configuration information, a specification of at least one UE device

- characteristic, i.e. a characteristic which the UE device should have if it is to be included in the

network performance measurement (such as, for example, mobility, traffic, memory and battery).
[0167]
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The network device 700 is optionally further operative to store, within the UE radio
capabilities, UE device characteristics obtained from the UE device at UE registration to the
network.

[0168]

Of course, it should be appreciated that the present invention is not restricted to the
details of the forgoing description and can be employed, as appropriate, in relation to any mobile
radio communications network optimisation systems, devices and methods.

[0169]

For example, the present invention can be materialized by a program for causing a
computer such as a CPU (Central Processing Unit) to execute the processes shown in Figs. 4A,
4B and 5.

[0170]

The program can be stored and provided to a computer using any type of non-transitory
computer readable media. Non-transitory computer readable media include any type of
tangible storage media. Examples of non-transitory computer readable media include magnetic
storage media (such as floppy disks, magnetic tapes, hard disk drives, etc.), optical magnetic
storage media (e.g. magneto-optical disks), CD-ROM, CD-R (compact disc recordable),
CD-R/W (compact disc rewritable), and semiconductor memories (such as mask ROM, PROM
(programmable ROM), EPROM (erasable PROM), flash ROM, RAM (random access memory),
etc.). The program may be provided to a computer using any type of transitory computer
readable media. Examples of transitory computer readable media include electric signals,
optical signals, and electromagnetic waves. Transitory computer readable media can provide
the program to a computer via a wired communication line (e.g. electric wires, and optical fibers)
or a wireless communication line.

[0171]

This application is based upon and claims the benefit of priority from United Kingdom
Patent Application No. 1113849.2, filed on August 11, 2011, the disclosure of which is

incorporated herein in its entirety by reference.

Reference Signs List

[0172]
100, 200, 306, 408, 506 EM
102 MME

104 eNB
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106, 204, 300, 400, 500 UE
108, 206, TCE
202 RNC
302,402,502 RAN (eNB)
304,404,504 CN
406 MTC SERVER
600 MOBILE RADIO COMMUNICATIONS DEVICE
602 ANTENNA
604 RECEPTION/TRANSMISSION
606 MEMORY STORAGE
608, 708 PROCESSOR
610 USER INTERFACE
612 MDT CAPABILITY DEACTIVATION FUNCTION
614 DEVICE CHARACTERISTICS CONFIRMATION FUNCTION
700 RADIO COMMUNICATION NETWORK DEVICE
702, 704 INTERFACE
706 MEMORY
710 DEVICE TYPE IDENTIFIER FUNCTION

712

DEVICE CHARACTERISTIC PARAMETER FUNCTION
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CLAIMS

[Claim 1]

A mobile radio communications network device operative to collect network
performance measurements and to select at least one mobile radio communications device from
which network performance measurements are to be collected if at least one parameter of the
said at least one mobile radio communication device corresponds to at least one spéciﬁed
selection parameter, wherein said at least one specified selection parameter comprises data

identifying at least one mobile radio communication device characteristic.

[Claim 2]
The network device according to Claim 1, wherein said at least one mobile radio
communication device characteristic comprises an operational characteristic of said mobile radio

communication device.

[Claim 3]
The network device according to Claim 2, wherein said mobile radio communication

device operational characteristic is configured towards said mobile radio communication device.

[Claim 4]
The network device according to Claim 3, wherein the configuration is implemented by

way of Open Mobile Alliance Device Management (OMA DM) signalling.

[Claim 5]
The network device according to any one of Claims 1 to 4, wherein said at least one
mobile radio communication device characteristic comprises data identifying a mobile radio

communication device type.

[Claim 6] -
The network device according to Claim 5, wherein said data identifying a mobile radio
communication device type is included in a Type of Allocation Code (TAC) information field of

mobile equipment identity information.

[Claim 7]
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The network device according to Claim 5 or 6, wherein said data identifying a mobile
radio communication device type comprises data specifying that Machine-Type Communications
(MTC) mobile radio communications devices are not to be included in acquisition of network

performance measurements by said network device.

[Claim 8]

The network device according to any one of Claims 1 to 7, wherein said mobile radio
communication device from which said network device should acquire network performance
measurements is selected if each of a plurality of parameters of that mobile radio communication
device has a corresponding specified selection parameter from a plurality of specified selection

parameters.

[Claim 9]

The network device according to any one of Claims 1 to 8, wherein said network device
is operative to retrieve from said at least one mobile radio communications device information
indicative of at least one of: an access stratum (AS) capability of said mobile radio
communication device; said at least one mobile radio communication device operational

characteristic; and said mobile radio communication device type.

~ [Claim 10]
The network device according to Claim 9, wherein said device is operative to retrieve
said information upon initial registration of said mobile radio communication device with said

network device.

[Claim 11]
The network device according to Claim 9 or 10, wherein said device is operative to
store obtained indicative information, further wherein said information is selectable to form at

least a part of said selection parameters.

[Claim 12]
The network device according to any one of Claims 9 to 11, wherein said device is
operative to transmit said stored obtained indicative information to a further network device in a

UE mobility process.
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[Claim 13]

The network device according to any one of Claims 1 to 12, comprising first and second
operational elements, wherein said first operational element is operative to forward to said
second operational element an instruction comprising said selection parameters, further wherein,
responsive to receipt of said instruction, said second operational element invokes collection of
network performance measurements from one or more mobile radio communication devices

having parameters matching said selection parameters.

[Claim 14]
The network device according to Claim 13, wherein said instruction comprising said

selection parameters comprises a trace session activation command.

[Claim 15]
The network device according to Claim 14, wherein information relating to each

selection parameter comprises at least one flag in said trace session activation command.

[Claim 16]

The network device according to any one of Claims 2 and Claims 3 to 15, when directly
or indirectly dependent upon Claim 2, wherein said operational characteristic of said mobile
radio communication device relates to at least one of: mobility of said mobile radio
communication device; call and/or data traffic of said mobile radio communication device;
memory capacity of said mobile radio communication device; and battery life of said mobile

radio communication device.

[Claim 17]
The network device according to Claim 16, wherein said mobile radio communication
device selection does not take into account either user consent or a roaming characteristic of the

device.

[Claim 18]
The network device according to any one of Claims 1 to 17, and arranged such that said
network performance measurements are undertaken in a Minimization of Drive Testing (MDT)

process.
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[Claim 19]
A mobile radio communication device operative for radio configuration by said network

device of any one of Claims 1 to 18.

[Claim 20]
The mobile radio communication device according to Claim 19, operative to deactivate

a capability to partake in network performance measurements.

[Claim 21]

The mobile radio communication device according to Claim 19 or 20, operative to
provide, to said mobile radio communication network device, information indicative of at least
one of: an access stratum (AS) capability of said mobile radio communication device; said at
least one mobile radio communication device operational characteristic; and said mobile radio

communication device type.

[Claim 22]
The mobile radio communication device according to Claim 21, operative to set at least
one device operational characteristic as information in a radio capability information module

thereof.

[Claim 23]
A mobile radio communications device selection signal for network performance
measurements, the signal comprising data identifying at least one mobile radio communication

device characteristic.

[Claim 24]
The signal according to Claim 23, wherein said at least one mobile radio
communication device characteristic comprises an operational characteristic of said mobile radio

communication device.

[Claim 25]
The signal according to Claim 23 or 24, wherein said at least one mobile radio
communication device characteristic comprises data identifying a mobile radio communication

device type.
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[Claim 26]
The signal according to Claim 24, wherein the mobile radio communication device type
is included in a Type of Allocation Code (TAC) information field of mobile equipment identity

information.

[Claim 27]
The signal according to any one of Claims 23 to 26, wherein said signal comprises an

OMA DM signal.

[Claim 28]

A method of collecting network performance measurements, comprising:

selecting at least one mobile radio communications device from which network
performance measurements are to be collected if at least one parameter of the said at least one
mobile radio communication device corresponds to at least one spéciﬁed selection parameter,

wherein said at least one specified selection parameter comprises data identifying at

least one mobile radio communication device characteristic.

[Claim 29] ‘
The method according to Claim 28, wherein said at least one mobile radio
communication device characteristic comprises an operational characteristic of said mobile radio

communication device.

[Claim 30]
The method according to Claim 29, wherein said mobile radio communication device

operational characteristic is configured towards said mobile radio communication device.

[Claim 31]
The method according to Claim 30, wherein said configuration is implemented by way
of OMA DM signalling.

[Claim 32]
The method according to any one of Claims 28 to 31, wherein said at least one mobile

radio communication device characteristic comprises data identifying a mobile radio
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communication device type.

[Claim 33]
The method according to Claim 32, wherein said mobile radio communication device
type is included in a Type of Allocation Code (TAC) information field of mobile equipment

identity information.

[Claim 34]
The method according to Claim 33, wherein mobile radio communication device

selection does not take into account either user consent or a roaming characteristic of the device.

[Claim 35]
- The method according to any one of Claims 32 to 34, wherein said data identifying a
mobile radio communication device type comprises data specifying that Machine-Type
Communications (MTC) mobile radio communications devices are not to be included in

acquisition of network performance measurements by said network device.

[Claim 36]

The method according to any one of Claims 28 to 35, further comprising selecting a
mobile radio communication device from which said network device should acquire network
performance measurements if each of a plurality of parameters of that mobile radio
communication device has a corresponding specified selection parameter from a plurality of

specified selection parameters.

[Claim 37]

The method according to any one of Claims 28 to 36, further comprising said step of
retrieving, from said at least one mobile radio communications device, information indicative of
at least one of: an access stratum (AS) capability of said mobile radio communication device;
said at least one mobile radio communication device operational characteristic; and said mobile

radio communication device type.

[Claim 38]
The method according to Claim 37, wherein said retrieving step is implemented upon

initial registration of said mobile radio communication device with said network device.
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[Claim 39]
The method according to Claim 37 or 38, further comprising the step of storing obtained
indicative information, wherein said information is selectable to form at least a part of said

selection parameters.

[Claim 40]
The method according to Claim 39, further comprising the step of transferring the said

stored obtained indicative information to a further network entity.

[Claim 41}

The method according to any one of Claims 28 to 40, further comprising the steps of
forwarding, from a first operational element to a second operational element, an instruction
comprising said selection parameters and, responsive to receipt of said instruction, collecting
network performance measurements from one or more mobile radio communication devices

having parameters matching said selection parameters.

[Claim 42]
The method according to Claim 41, wherein said instruction comprising said selection

parameters comprises a trace session activation command.

[Claim 43]
The method according to Claim 42, wherein information relating to each selection

parameter comprises at least one flag in said trace session activation command.

[Claim 44]

The method according to any one of Claims 29 and Claims 30 to 43, when directly or
indirectly dependent upon Claim 29, wherein said at least one mobile radio communication
device operational characteristic relates to at least one of: mobility of said mobile radio
communication device; call and/or data traffic of said mobile radio communication device;
memory capacity of said mobile radio communication device; and battery life of said mobile

radio communication device.

[Claim 45]
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The method according to any one of Claims 28 to 44, wherein said network

performance measurements are undertaken in a Minimization of Drive Testing (MDT) process.

[Claim 46]
A method of configuring a mobile radio communication device using a network device

operating using the method of any one of Claims 28 to 45.

[Claim 47]
The method according to Claim 46, further comprising said mobile radio
communication device operating to deactivate a capability to partake in network performance

measurements.

[Claim 48] |

The method according to Claim 46 or 47, further comprising providing, from said
mobile radio communication device to said mobile radio communication network device,
information indicative of at least one of: an access stratum (AS) capability of said mobile radio
communication device; said at least one mobile radio communication device operational

characteristic; and said mobile radio communication device type.

[Claim 49]
The method according to Claim 48, further comprising setting said at least one device
operational characteristic as information in a radio capability information module of said mobile

radio communication device.

[Claim 50]
A computer program, computer program product or computer readable medium,
comprising instructions for enabling a mobile radio communication network device to carry out a

method as claimed in any one of Claims 28 to 45.

[Claim 51]
A computer program, computer program product or computer readable medium,
comprising instructions for enabling a mobile radio communication device to carry out a method

as claimed in any one of Claims 46 to 49.
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[Claim 52]
A mobile radio communication network device including a computer program,

computer program product or computer readable medium, as claimed in Claim 50.

[Claim 53]
A mobile radio communication device including a computer program, computer

program product or computer readable medium, as claimed in Claim 51.

[Claim 54]

A mobile radio communications system comprising:

a mobile radio communications network device operative to collect network
performance measurements and to select at least one mobile radio communications device from
which network performance measurements are to be collected if at least one parameter of the
said at least one mobile radio communication device corresponds to at least one specified
selection parameter, wherein said at least one specified selection parameter comprises data
identifying at least one mobile radio communication device characteristic; and

a mobile radio communication device operative for configuration by said network

device.

[Claim 55]
The system according to Claim 54, wherein said at least one mobile radio
communication device characteristic comprises an operational characteristic of said mobile radio

communication device.

[Claim 56]
The system according to Claim 55, wherein said mobile radio communication device

operational characteristic is configured towards the said mobile radio communication device.

[Claim 57]
The system according to Claim 54 or S5, wherein said at least one mobile radio
communication device characteristic comprises data identifying a mobile radio communication

device type.

[Claim 58]
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The system according to Claim 57, wherein the mobile radio communication device
type is included in a Type of Allocation Code (TAC) information field of mobile equipment

identity information.

[Claim 59]

The system according to Claim 57 or 58, wherein said data identifying a mobile radio
communication device type comprises data specifying that Machine-Type Communications
(MTC) mobile radio communications devices are not to be included in acquisition of network

performance measurements by said network device.

[Claim 60]

The system according to Claim 59, wherein data identifying a mobile radio
communication device type comprises data specifying that Machine-Type Communications
(MTC) mobile radio communications devices are included in acquisition of network
performance measurements by said network device without consideration of user consent or

roaming characteristic of the device.

[Claim 61]

The system according to any one of Claims 54 to 60, wherein said mobile radio
communication device from which said network device should acquire network performance
measurements is selected if each of a plurality of parameters of that mobile radio communication
device has a corresponding specified selection parameter from a plurality of specified selection

parameters.

[Claim 62]

The system according to any one of the Claims 54 to 61, wherein said network device is
operative to retrieve from said at least one mobile radio communications device information
indicative of at least one of: an access stratum (AS) capability of said mobile radio
communication device; said at least one mobile radio communication device operational

characteristic; and said mobile radio communication device type.

[Claim 63]
The system according to Claim 62, wherein said network device is operative to retrieve

said information upon initial registration of said mobile radio communication device with said
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network device.

[Claim 64]
The system according to Claim 62 or 63, wherein said network device is operative to
store obtained indicative information, further wherein said information is selectable to form at

least a part of said selection parameters.

[Claim 65]
The system according to Claim 64, wherein said network device is operative to transfer

said stored obtained indicative information.

[Claim 66]

The system according to any one of Claims 54 to 65, comprising first and second
operational elements, wherein said first operational element is operative to forward to said
second operational element an instruction comprising said selection parameters, further wherein,
responsive to receipt of said instruction, said second operational element invokes collection of
network performance measurements from one or more mobile radio communication devices

having parameters matching said selection parameters.

[Claim 67]
The system according to Claim 66, wherein said instruction comprising said selection

parameters comprises a trace session activation command.

[Claim 68]
The system according to Claim 67, wherein information relating to each selection

parameter comprises at least one flag in said trace session activation command.

[Claim 69]
The system according to Claim 68, wherein flag information relating to said mobile

radio communication device type is included in a Type of Allocation Code (TAC) information
field.

[Claim 70]

The system according to Claim 69, wherein said mobile radio communication device
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type is conveyed in said TAC information field.

[Claim 71]

The system according to any one of Claims 55 and Claims 56 to 70, when directly or
indirectly dependent upon Claim 55, wherein said at least one operational characteristic of said
mobile radio communication device relates to at least one of: mobility of said mobile radio
communication device; call and/or data traffic of said mobile radio communication device;
memory capacity of said mobile radio communication device; and battery life of said mobile

radio communication device.

[Claim 72]
The system according to any one of Claims 54 to 71, and arranged such that said
network performance measurements are undertaken in a Minimization of Drive Testing (MDT)

process.

[Claim 73]
The system according to any one of Claims 54 to 72, wherein said mobile radio
communication device is operative to deactivate a capability to partake in network performance

measurements.

[Claim 74]

The system according to any one of Claims 54 to 73, wherein said mobile radio
communication device is operative to provide, to said mobile radio communication network
device, information indicative of at least one of: an acéess stratum (AS) capability of said mobile
radio communication device; said at least one mobile radio communication device operational

characteristic; and said mobile radio communication device type.

[Claim 75]
The system according to Claim 74, wherein said mobile radio communication device is
operative to set said at least one device operational characteristic as information in a radio

capability information module thereof.

[Claim 76]

A mobile radio communications network device substantially as hereinbefore described
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with reference to and as illustrated in Figs. 4 to 7 of the accompanying drawings.

[Claim 77]
A mobile radio communications device substantially as hereinbefore described with

reference to and as illustrated in Figs. 4 to 7 of the accompanying drawings.

[Claim 78]
A method of collecting, at a mobile radio communication device, network performance
measurements, substantially as hereinbefore described with reference to and as illustrated in Figs.

4 and/or 5 of the accompanying drawings.

[Claim 79]
A method of configuring a mobile radio communication device substantially as
hereinbefore described with reference to and as illustrated in Figs. 4 and/or 5 of the

accompanying drawings.

[Claim 80]
A mobile radio communications system substantially as hereinbefore described with

reference to and as illustrated in Figs. 4 to 7 of the accompanying drawings.



