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CAPABILITY REPORTING IN ADVANCE ON AN INTERSYSTEM HANDOVER

Technical Field

The present disclosure relates to the provision of capability reporting. In
particular, but not exclusively, a method, apparatus, computer software and computer
program product are provided for identifying and then reporting one of a plurality of

capability groups based upon one or more predefined criteria.

Background

Some mobile terminals are now configured to have both frequency division
duplex (FDD) and time division duplex (TDD) capabilities. As such, in advance of an
intersystem handover, an access point of the network currently servicing the mobile
terminal may transmit an inquiry to the mobile terminal requesting the mobile
terminal to identify which of the FDD or TDD capabilities will be utilized following
the handover. For example, in advance of a handover from a long-term evolution
(LTE) network to a UMTS network, an evolved Node B (eNB) of the LTE network
may issue an inquiry of the mobile terminal regarding which of its FDD and TDD
capabilities will be utilized in the UMTS network, since a UMTS network may
support both FDD and TDD capabilities. Based upon the response from the mobile
terminal, the access point of the network currently servicing the mobile terminal may
advise the destination network of the FDD or TDD capability of the mobile terminal
that will be utilized following the handover.

Even though some mobile terminals may now have both FDD and TDD
capabilities, a mobile terminal cannot simultaneously report both its FDD and TDD
capabilities to a LTE network. In this regard, the radio resource control (RRC)
interface defines the inter-radio access technology (RAT) handover information
message for reporting an FDD capability and for reporting a TDD capability on
separate branches. As such, the mobile terminal must select one of the capabilities,
such as either an FDD capability or a TDD capability, and then report the respective
capability even if the mobile terminal is configured to support both FDD and TDD
capabilities following the handover. Depending upon the manner in which the mobile

terminal selects one of the capabilities for reporting to the access point, the capability
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that is reported may be mismatched or otherwise less efficient for the destination
network relative to the other capability that is supported by the mobile terminal, but

that was not selected.

Summary

A method, apparatus, computer software and computer program product are
provided according to embodiments of the present disclosure in order to identify one
of a plurality of capability groups, such as one of an FDD capability or a TDD
capability, that will be utilized following a handover and to then cause the capability
information to be provided with the capability information including the capability
group that has been identified. As such, the method, apparatus, computer software
and computer program product of embodiments facilitate an intersystem handover
such as a handover between systems that utilize different radio access technologies by
providing a reliable indication of the capability group, such as the FDD or TDD
capability, that is to be utilized following the handover.

In accordance with a first aspect of the present disclosure, there is provided a
method of providing mobile terminal capability reporting, the method including, at a
mobile terminal:

receiving an inquiry for mobile terminal capability information in advance of a
handover from a first network operating in accordance with one type of radio access
technology to a second network operating in accordance with a different type of radio
access technology;

identifying, based upon one or more predefined criteria, one of a plurality of
mobile terminal capability groups supported by the mobile terminal to be utilized
following the handover to the second network; and

causing the mobile terminal capability information to be provided responsive
to the inquiry including the one of the plurality of capability groups that has been
identified.

In accordance with a second aspect of the present disclosure, there is provided
apparatus for use in providing mobile terminal capability reporting, the apparatus
including a processing system adapted to cause the apparatus to at least, at a mobile

terminal;
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receive an inquiry for mobile terminal capability information in advance of a
handover from a first network operating in accordance with one type of radio access
technology to a second network operating in accordance with a different type of radio
access technology;

identify, based upon one or more predefined criteria, one of a plurality of
mobile terminal capability groups supported by the mobile terminal to be utilized
following the handover to the second network; and

cause the mobile terminal capability information to be provided responsive to
the inquiry including the one of the plurality of capability groups that has been
identified.

In accordance with a third aspect of the present disclosure, there is provided
computer software adapted to perform a method of providing mobile terminal
capability reporting, the method including, at a mobile terminal:

receiving an inquiry for mobile terminal capability information in advance of a
handover from a first network operating in accordance with one type of radio access
technology to a second network operating in accordance with a different type of radio
access technology;

identifying, based upon one or more predefined criteria, one of a plurality of
mobile terminal capability groups supported by the mobile terminal to be utilized
following the handover to the second network; and

causing the mobile terminal capability information to be provided responsive
to the inquiry including the one of the plurality of capability groups that has been
identified.

In accordance with a fourth aspect of the present disclosure, there is provided
a method of providing mobile terminal capability reporting, the method including, at
an access point:

causing a message to be transmitted to a mobile terminal relating to a
handover from a first network operating in accordance with one type of radio access
technology to a second network operating in accordance with a different type of radio
access technology, wherein the message includes an indication as to one of a plurality

of mobile terminal capability groups that is utilized by the second network; and
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receiving mobile terminal capability information from the mobile terminal
including an indication of the one of the plurality of mobile terminal capability groups
consistent with the indication provided by the message, the one of the plurality of
mobile terminal capability groups being supported by the mobile terminal.

In accordance with a fifth aspect of the present disclosure, there is provided
apparatus for use in providing mobile terminal capability reporting, the apparatus
including a processing system adapted to cause the apparatus to at least, at an access
point:

cause a message to be transmitted to a mobile terminal relating to a handover
from a first network operating in accordance with one type of radio access technology
to a second network operating in accordance with a different type of radio access
technology, wherein the message includes an indication as to one of a plurality of
mobile terminal capability groups that is utilized by the second network; and

receive mobile terminal capability information from the mobile terminal
including an indication of the one of the plurality of mobile terminal capability groups
consistent with the indication provided by the message, the one of the plurality of
mobile terminal capability groups being supported by the mobile terminal.

In accordance with a sixth aspect of the present disclosure, there is provided
computer software adapted to perform a method of providing mobile terminal
capability reporting, the method including:

causing a message to be transmitted to a mobile terminal relating to a
handover from a first network operating in accordance with one type of radio access
technology to a second network operating in accordance with a different type of radio
access technology, wherein the message includes an indication as to one of a plurality
of mobile terminal capability groups that is utilized by the second network; and

receiving mobile terminal capability information from the mobile terminal
including an indication of the one of the plurality of mobile terminal capability groups
consistent with the indication provided by the message, the one of the plurality of
mobile terminal capability groups being supported by the mobile terminal.

In accordance with a seventh aspect of the present disclosure, there is provided
a computer program product including a non-transitory computer-readable storage

medium having computer readable instructions stored thereon, the computer readable
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instructions being executable by a computerized device to cause the computerized
device to perform a method of providing capability reporting according to the first
aspect of the present disclosure.

In accordance with a eighth aspect of the present disclosure, there is provided
a computer program product including a non-transitory computer-readable storage
medium having computer readable instructions stored thereon, the computer readable
instructions being executable by a computerized device to cause the computerized
device to perform a method of providing capability reporting according to the fourth
aspect of the present disclosure.

Further features and advantages of embodiments will become apparent from
the following description of preferred embodiments, given by way of example only,

which is made with reference to the accompanying drawings.

Brief Description of the Drawings

Figure 1 illustrates an example system and connections involved in the transfer
between cells having different radio access technologies according to an embodiment
of the present disclosure;

Figure 2 is a block diagram of an apparatus that may be specifically
configured in accordance to an embodiment of the present disclosure;

Figure 3 is a flow chart illustrating the operations performed by an apparatus
embodied as a mobile terminal in accordance with an embodiment of the present
disclosure; and

Figure 4 is a flow chart illustrating the operations performed by an apparatus
embodied as an access point in accordance with an embodiment of the present

disclosure.

Detailed Description

The present disclosure now will be described more fully hereinafter with
reference to the accompanying drawings, in which some, but not all embodiments are
shown. Indeed, embodiments may be embodied in many different forms and should
not be construed as limited to the embodiments set forth herein. Like numbers refer

to like elements throughout.
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As used in this application, the term “circuitry” refers to all of the following:
(a) hardware-only circuit implementations (such as implementations in only analogue
and/or digital circuitry) and (b) to combinations of circuits and software (and/or
firmware), such as (as applicable): (i) to a processing system and/or combination of
processor(s) or (ii) to portions of processor(s)/software (including digital signal
processor(s)), software, and memory(ies) that work together to cause an apparatus,
such as a mobile phone or server, to perform various functions) and (c) to circuits,
such as a microprocessor(s) or a portion of a microprocessor(s), that require software
or firmware for operation, even if the software or firmware is not physically present.

This definition of “circuitry” applies to all uses of this term in this application,
including in any claims. As a further example, as used in this application, the term
“circuitry” would also cover an implementation of merely a processing system or
processor (or multiple processors) or portion of a processor and its (or their)
accompanying software and/or firmware. The term “circuitry” would also cover, for
example and if applicable to the particular claim element, a baseband integrated
circuit or application specific integrated circuit for a mobile phone or a similar
integrated circuit in server, a cellular network device, or other network device.

A method, apparatus, computer software and computer program product are
provided according to one embodiment of the present disclosure in order to identify
one of a plurality of capability groups, such as one of an FDD capability or a TDD
capability, that will be utilized following a handover. The capability information may
then be provided, such as to the destination network, with the capability information
including the capability group that has been identified, thereby permitting the
handover to proceed smoothly and the destination network to service the mobile
terminal in an efficient manner.

Figure 1 illustrates an example of such a transition between cells that are
configured to use different radio access technologies. In this regard, a mobile
terminal 10 is transitioning from a connection 12 to cell 14 that uses radio access
technology A to a connection 16 to cell 18 that uses radio access technology B. The
transition may occur because the mobile terminal is physically moving out of the
geographical area that is covered by cell 14 and into a geographical area that is

covered by cell 18. When the mobile terminal transfers from one cell to another, the
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handover that is performed may be referred to a cell selection or cell reselection.
According to various embodiments, the transition may be referred to as an inter-radio
access technology (inter-RAT) transfer. In one example, an inter-RAT transfer may
involve a transfer from a long term evolution (LTE) network to a universal mobile
telecommunications system (UMTS) terrestrial radio access (UTRA) network
(UTRAN).

Various types of mobile terminals 10 may be employed including, for
example, mobile communication devices such as, for example, mobile telephones,
personal digital assistants (PDAs), pagers, computers, such as laptop computers and
tablet computers, data cards, dongles, e.g., universal serial bus (USB) dongles, or any
of numerous other hand held or portable communication devices, computation
devices, content generation devices, content consumption devices, or combinations
thereof. In its communication with the cells 14, 18, the mobile terminal may
communicate with and the cells may each include an access point, such as a base
station, a Node B, an evolved Node B (eNB), a relay node, a radio network controller
(RNC) or other type of access point. For example, in an embodiment in which the
mobile terminal is handed over from an LTE network to a UTRAN, the LTE network
may include an eNB and the UTRAN may include a RNC for communication with the
mobile terminal.

The mobile terminal 10 and the access points may each embody or otherwise
be associated with an apparatus 20 that is generally depicted in Figure 2 and that may
be configured to perform various operations in accordance with embodiments of the
present disclosure as described below, such as in conjunction with Figure 3 from the
perspective of the mobile terminal and Figure 4 from the perspective of the access
point. However, it should be noted that the components, devices or elements
described below may not be mandatory and thus some may be omitted in certain
embodiments. Additionally, some embodiments may include further or different
components, devices or elements beyond those shown and described herein.

As shown in Figure 2, the apparatus 20 may include or otherwise be in
communication with a processing system including, for example, processing circuitry
22 that is configurable to perform actions in accordance with embodiments described

herein. The processing circuitry may be configured to perform data processing,
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application execution and/or other processing and management services according to
embodiments of the present disclosure. In some embodiments, the apparatus or the
processing circuitry may be embodied as a chip or chip set. In other words, the
apparatus or the processing circuitry may include one or more physical packages (e.g.,
chips) including materials, components and/or wires on a structural assembly (e.g., a
baseboard). The structural assembly may provide physical strength, conservation of
size, and/or limitation of electrical interaction for component circuitry included
thereon. The apparatus or the processing circuitry may therefore, in some cases, be
configured to implement an embodiment of the present disclosure on a single chip or
as a single “system on a chip.” As such, in some cases, a chip or chipset may
constitute means for performing one or more operations for providing the
functionalities described herein.

In an embodiment, the processing circuitry 22 may include a processor 24 and
memory 28 that may be in communication with or otherwise control a communication
interface 26 and, in some cases in which the apparatus is embodied by the mobile
terminal 10, a user interface 30. As such, the processing circuitry may be embodied
as a circuit chip (e.g., an integrated circuit chip) configured (e.g., with hardware,
software or a combination of hardware and software) to perform operations described
herein.

The user interface 30 (if implemented in embodiments of the apparatus 20
embodied by the mobile terminal 10) may be in communication with the processing
circuitry 22 to receive an indication of a user input at the user interface and/or to
provide an audible, visual, mechanical or other output to the user. As such, the user
interface may include, for example, a keyboard, a mouse, a joystick, a display, a touch
screen, a microphone, a speaker, and/or other input/output mechanisms. In one
embodiment, the user interface includes user interface circuitry configured to facilitate
at least some functions of the mobile terminal by receiving user input and providing
output via, for example, a display, a touch screen or the like.

The communication interface 26 may include one or more interface
mechanisms for enabling communication with other devices and/or networks. In
some cases, the communication interface may be any means such as a device or

circuitry embodied in either hardware, or a combination of hardware and software that
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is configured to receive and/or transmit data from/to a network and/or any other
device or module in communication with the processing circuitry 22, such as between
the mobile terminal 10 and an access point. In this regard, the communication
interface may include, for example, an antenna (or multiple antennas) and supporting
hardware and/or software for enabling communications with a wireless
communication network and/or a communication modem or other hardware/software
for supporting communication via cable, digital subscriber line (DSL), USB, Ethernet
or other methods.

In an embodiment, the memory 28 may include one or more non-transitory
memory devices such as, for example, volatile and/or non-volatile memory that may
be either fixed or removable. The memory may be configured to store information,
data, applications, instructions or the like for enabling the apparatus 20 to carry out
various functions in accordance with embodiments of the present disclosure. For
example, the memory could be configured to buffer input data for processing by the
processor 24. Additionally or alternatively, the memory could be configured to store
instructions for execution by the processor. As yet another alternative, the memory
may include one of a plurality of databases that may store a variety of files, contents
or data sets. Among the contents of the memory, applications may be stored for
execution by the processor in order to carry out the functionality associated with each
respective application. In some cases, the memory may be in communication with the
processor via a bus for passing information among components of the apparatus.

The processor 24 may be embodied in a number of different ways. For
example, the processor may be embodied as various processing means such as one or
more of a microprocessor or other processing element, a coprocessor, a controller or
various other computing or processing devices including integrated circuits such as,
for example, an ASIC (application specific integrated circuit), an FPGA (field
programmable gate array), a DSP (digital signal processor) or the like. In an
embodiment, the processor may be configured to execute instructions stored in the
memory 28 or otherwise accessible to the processor. As such, whether configured by
hardware or by a combination of hardware and software, the processor may represent
an entity (e.g., physically embodied in circuitry — in the form of processing circuitry)

capable of performing operations according to embodiments of the present disclosure
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while configured accordingly. Thus, for example, when the processor is embodied as
an ASIC, an FPGA, a DSP or the like, the processor may be specifically configured
hardware for conducting the operations described herein. Alternatively, as another
example, when the processor is embodied as an executor of software instructions, the
instructions may specifically configure the processor to perform the operations
described herein.

Referring now to Figure 3, the operations performed by a method, apparatus,
computer software and computer program product of an embodiment are illustrated
from the perspective of an apparatus 20 that may be embodied by or otherwise
associated with the mobile terminal 10. In this regard, the apparatus embodied by a
mobile terminal may include means, such as the processing circuitry 22, the processor
24, the communication interface 26 or the like, for receiving an inquiry for capability
information in advance of an inter-system handover. See operation 42 of Figure 3.
The inter-system handover is from a first network, such as a source network, currently
supporting the mobile terminal and operating in accordance with a first type of radio
access technology to a second network, such as a destination network, that will
support the mobile terminal following the handover and that is operating in
accordance with a different type of radio access technology. While the first and
second networks may operate in accordance with a variety of different radio access
technologies, the first network of one embodiment may be an LTE system, while the
second network may be a UMTS system. Although the apparatus embodied by the
mobile terminal may be configured to receive various types of inquiries for capability
information in advance of an inter-system handover, the apparatus, such as the
processing circuitry, the processor, the communication interface or the like, may be
configured to receive a user equipment (UE) capability inquiry message in one
embodiment.

The apparatus 20 embodied by the mobile terminal 10 of one embodiment also
includes means, such as the processing circuitry 22, the processor 24 or the like, for
identifying, based upon one or more predefined criteria, one of a plurality of
capability groups to be utilized. See operation 44 of Figure 3. For example, the
plurality of capability groups may include an FDD and a TDD capability such that the

apparatus, such as the processing circuitry, the processor or the like, is configured to
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identify one of the FDD capability or the TDD capability to be utilized following the
inter-system handover based upon the one or more predefined criteria.

The method, apparatus, computer software and computer program product of
an embodiment in the present disclosure may utilize various predefined criteria in
order to determine whether an FDD or TDD capability will be utilized following the
inter-system handover. In one embodiment, a predefined criterion relates to the
current home public land mobile network (PLMN). In this embodiment, the apparatus
20 embodied by the mobile terminal 10 may include means, such as the processing
circuitry 22, the processor 24 or the like, for determining one of the FDD or TDD
capability to be utilized following the handover based upon the current home PLMN.
In this regard, the determination of the FDD or TDD capability based upon the current
home PLMN may include whether the current home PLMN has FDD system
coverage or TDD system coverage. In an instance in which the current home PLMN
has FDD system coverage, the apparatus, such as the processing circuitry, the
processor or the like, may identify the FDD capability to be utilized following the
handover. Conversely, in an instance in which the current home PLMN has TDD
system coverage, the apparatus, such as the processing circuitry, the processor or the
like, may identify the TDD capability to be utilized following the handover. By
identifying the FDD or TDD capability based upon the FDD or TDD system coverage
of the current home PLMN, the method, apparatus, computer software and computer
program product of embodiments may identify the particular type of capability that
will be utilized following the handover based upon the capability of the network that
will support the mobile terminal following the handover.

In another embodiment, a predefined criterion according to which the FDD or
TDD capability is identified is the signal frequency of the second network which may,
in turn, be associated with either an FDD capability or a TDD capability. In this
embodiment, the frequency that is measured in the second network may be
determined to be associated with either an FDD capability or a TDD capability as
certain frequencies are predefined to be associated with an FDD capability and other
frequencies are predefined to be associated with a TDD capability. Based upon the
measured frequency of the second network and the TDD or FDD capability associated

therewith, the apparatus 20, such as the processing circuitry 22, the processor 24 or
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the like, may identify either the FDD capability or the TDD capability to be utilized
following the handover. In one embodiment, the measured frequency of the second
network may be the signal frequency included in a neighbor cell list for a cell of the
second network. In this embodiment, the apparatus, such as the processing circuitry,
the processor or the like, may determine whether the signal frequency included in the
neighbor cell list is associated with an FDD capability or a TDD capability and may,
in turn, identify the FDD capability or the TDD capabilities to be utilized following
the handover based upon the FDD or TDD capability associated with the signal
frequency included in the neighbor cell list. The signal frequency on the neighbor cell
list may be signaled, for example, via system information or via a MeasConfig
information element, which is present, ¢.g., in RRCConnectionReconfiguration
message.

In yet another embodiment, a predefined criterion according to which the
capability group is identified is provided by network signaling. In this regard, the
apparatus 20 embodied by the mobile terminal 10 may include means, such as the
processing circuitry 22, the processor 24, the communication interface 26 or the like,
for receiving network signaling identifying the capability group to be utilized, such as
following the inter-system handover. See operation 40 of Figure 3. By way of
example, the network signaling may indicate one of an FDD capability or a TDD
capability of the second network that will be utilized by the mobile terminal following
the inter-system handover.

As shown in operation 46 of Figure 3, the apparatus 20 may also include
means, such as the processing circuitry 22, the processor 24, the communication
interface 26 or the like, for causing the capability information to be provided
responsive to the inquiry with the capability information including the respective one
of the capability groups that has been identified. In one example, the capability
information this is provided may identify the respective one of the FDD capability or
the TDD capability of the second network that is to be utilized following the inter-
system handover.

As described above, an apparatus 20 embodied by a mobile terminal 10 may
identify and then provide capability information in advance of an inter-system

handover. As such, the inter-system handover may be performed and the second
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network may begin to service the mobile terminal following the handover in an
efficient fashion.

From the perspective of an access point of the first network that is currently
servicing the mobile terminal 10, such as an eNB in an embodiment in which the first
network is an LTE network, the apparatus 20 embodied by the access point includes
means, such as a processing circuitry 22, the processor 24, the communication
interface 26 or the like, for causing a message to be transmitted to the mobile terminal
10 relating to the inter-system handover from the first network that is configured to
operate in accordance with one type of radio access technology, such as an LTE
network, to a second network that is configured to operate in accordance with a
different type of radio access technology, such as a UMTS network. See operation 50
of Figure 4. Although the access point may provide various types of messages to the
mobile terminal relating to the inter-system handover, the apparatus embodied by the
access point of one embodiment may provide a UE capability inquiry message.

As shown in operation 52 of Figure 4, the apparatus 20 embodied by the
access point of the first network may also include means, such as a processing
circuitry 22, the processor 24, the communication interface 26 or the like, for
receiving capability information from the mobile terminal 10 including an indication
of one of the capability groups of the mobile terminal that will be utilized, such as
following the inter-system handover. For example, the indication of one of the
capability groups may be an indication of whether the FDD capability or the TDD
capability of the mobile terminal will be utilized following the handover. As shown
in operation 54 of Figure 4, the apparatus embodied by the access point of the first
network may also include means, such as the processing circuitry, the processor, the
communication interface or the like, for causing the capability information that is
received from the mobile terminal to be provided to the second network, such as an
access point of the second network, that will service the mobile terminal following the
inter-system handover. In one embodiment in which the second network is a UMTS
network, the capability information may be provided to an RNC of the UMTS
network. As indicated above, the capability information that is provided to the second
network may indicate whether the FDD capability or the TDD capability of the

mobile terminal will be utilized following the inter-system handover. As such, the
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handover may be efficiently affected since the second network that will service the
mobile terminal following the handover has been informed in advance of the
capability information, e.g., the FDD or TDD capability, of the mobile terminal that
will be utilized following the handover, thereby permitting the second network and its
communications with the mobile terminal to be appropriately configured.

As described above, the mobile terminal 10 may identify one of the capability
groups, such as either its FDD capability or TDD capability, based upon various types
of predefined criteria. In one embodiment, however, the message that is transmitted
from the access point of the first network to the mobile terminal relating to the inter-
system handover may include an indication as to the one of a plurality of capability
groups that is utilized by the second network. For example, the message may include
an indication as to whether the second network has FDD system coverage or TDD
system coverage. As described in this embodiment, the mobile terminal may, in turn,
identify the respective one of the capability groups based upon the network signaling,
that is, based upon the indication provided by the message from the access point as to
the respective one of the capability groups that is utilized by the second network. As
such, the apparatus embodied by the access point may then receive capability
information from the mobile terminal including an indication by of the respective one
of the capability groups, ¢.g., a respective one of the FDD or TDD capabilities, to be
utilized following that inter-system handover that is consistent with the indication
providing by the message originally transmitted by the access point to mobile
terminal.

The message may be transmitted from the access point to the mobile terminal
10 in various manners. In one embodiment, an inquiry, such as a UE capability
inquiry message, for the handover is transmitted to the mobile terminal. In this
embodiment, the inquiry may include an information clement that includes the
indication as to the respective one of the capability groups that is utilized by the
second network, such as an indication as to whether the second network has FDD
system coverage or TDD system coverage.

As noted above, Figures 3 and 4 are flowcharts illustrating the operations
performed by a method, apparatus, computer software and computer program product,

such as apparatus 20 of Figure 2, from the perspective of the mobile terminal 10 and
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an access point, respectively, in accordance with one embodiment of the present
disclosure. It will be understood that each block of the flowcharts, and combinations
of blocks in the flowcharts, may be implemented by various means, such as hardware,
firmware, processor, circuitry and/or other device associated with execution of
software including one or more computer program instructions. For example, one or
more of the procedures described above may be embodied by computer program
instructions. In this regard, the computer program instructions which embody the
procedures described above may be stored by a memory 28 of an apparatus employing
an embodiment of the present disclosure and executed by a processor 24 of the
apparatus. As will be appreciated, any such computer program instructions may be
loaded onto a computer or other programmable apparatus (e.g., hardware) to produce
a machine, such that the resulting computer or other programmable apparatus
provides for implementation of the functions specified in the flowchart blocks. These
computer program instructions may also be stored in a non-transitory computer-
readable storage memory that may direct a computer or other programmable apparatus
to function in a particular manner, such that the instructions stored in the computer-
readable storage memory produce an article of manufacture, the execution of which
implements the function specified in the flowchart blocks. The computer program
instructions may also be loaded onto a computer or other programmable apparatus to
cause a series of operations to be performed on the computer or other programmable
apparatus to produce a computer-implemented process such that the instructions
which execute on the computer or other programmable apparatus provide operations
for implementing the functions specified in the flowchart blocks. As such, the
operations of Figures 3 and 4, when executed, convert a computer or processing
circuitry into a particular machine configured to perform embodiments of the present
disclosure. Accordingly, the operations of Figures 3 and 4 define an algorithm for
configuring a computer or processing circuitry, e.g., processor, to perform
embodiments. In some cases, a general purpose computer may be provided with an
instance of the processor which performs the algorithm of Figures 3 and 4 to
transform the general purpose computer into a particular machine configured to

perform embodiments.
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Accordingly, blocks of the flowcharts support combinations of means for
performing the specified functions and combinations of operations for performing the
specified functions. It will also be understood that one or more blocks of the
flowcharts, and combinations of blocks in the flowcharts, can be implemented by
special purpose hardware-based computer systems which perform the specified
functions, or combinations of special purpose hardware and computer instructions.

In some embodiments, certain ones of the operations above may be modified
or further amplified. Moreover, in some embodiments additional optional operations
may also be included as shown, for example by the dashed lines in Figures 3 and 4. It
should be appreciated that each of the modifications, optional additions or
amplifications may be included with the operations above either alone or in
combination with any others among the features described herein.

Embodiments described above relate to identification of capability types that
will be utilized following a handover. Further embodiments relate to identification of
capability types that will be utilized in advance of a handover or during a handover.
Still further embodiments relate to identification of capability types that will be
utilized in advance of a handover and/or during a handover and/or following a
handover; which of these applies in a given situation will depend on when a handover
is considered as being completed; however, it should be understood that embodiments
may apply to any of pre-handover, during handover and post-handover. For example,
the overall procedure for enabling a handover may include a network preparation
phase (which uses capabilities to construct the handover message(s)), a phase
involving switch of RATs, and then a phase involving establishment on a new RAT
(for example also using the capabilities); embodiments can be employed to identify
capability types that will be utilized during any of these phases.

The above embodiments are to be understood as illustrative examples. Further
embodiments are envisaged. It is to be understood that any feature described in
relation to any one embodiment may be used alone, or in combination with other
features described, and may also be used in combination with one or more features of
any other of the embodiments, or any combination of any other of the embodiments.

Furthermore, equivalents and modifications not described above may also be
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employed without departing from the scope of the invention, which is defined in the

accompanying claims.
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Claims

1. A method of providing mobile terminal capability reporting, the
method comprising, at a mobile terminal:

receiving an inquiry for mobile terminal capability information in advance of a
handover from a first network operating in accordance with one type of radio access
technology to a second network operating in accordance with a different type of radio
access technology;

identifying, based upon one or more predefined criteria, one of a plurality of
mobile terminal capability groups supported by said mobile terminal to be utilized
following the handover to said second network; and

causing the mobile terminal capability information to be provided responsive
to the inquiry including the one of the plurality of capability groups that has been
identified.

2. A method according to claim 1, wherein the plurality of capability
groups of said mobile terminal includes a frequency division duplex (FDD) capability
of said mobile terminal and a time division duplex (TDD) capability of said mobile
terminal, and

wherein identifying one of a plurality of capability groups of said mobile
terminal comprises identifying one of the FDD capability of said mobile terminal or
the TDD capability of said mobile terminal to be utilized following the handover

based upon the one or more predefined criteria.

3. A method according to claim 2, wherein identifying one of the FDD or
TDD capability of said mobile terminal comprises determining one of the FDD or
TDD capability of said mobile terminal based upon a current home public land mobile

network (PLMN).

4. A method according to claim 3, wherein determining one of the FDD
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or TDD capability of said mobile terminal based upon a current home PLMN
comprises determining whether the current home PLMN has FDD system coverage or

TDD system coverage.

5. A method according to claim 2, wherein identifying one of the FDD or
TDD capability of said mobile terminal comprises determining one of the FDD or
TDD capability of said mobile terminal based upon a signal frequency of the second
network being associated with one of the FDD or TDD capability of said mobile

terminal.

6. A method according to claim 5, wherein determining one of the FDD
or TDD capability of said mobile terminal based upon the signal frequency of the
second network comprises determining whether the signal frequency included in a
neighbor cell list is associated with one of the FDD or TDD capability of said mobile

terminal.

7. A method according to claim 1, comprising receiving, from said first
network, network signaling identifying the capability group to be utilized,

wherein identifying one of the plurality of capability groups of said mobile
terminal comprises determining one of the capability groups of said mobile terminal

based upon the network signaling.

8. Apparatus for use in providing mobile terminal capability reporting,
the apparatus comprising a processing system adapted to cause the apparatus to at
least, at a mobile terminal:

receive an inquiry for mobile terminal capability information in advance of a
handover from a first network operating in accordance with one type of radio access
technology to a second network operating in accordance with a different type of radio

access technology;
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identify, based upon one or more predefined criteria, one of a plurality of
mobile terminal capability groups supported by said mobile terminal to be utilized
following the handover to said second network; and

cause the mobile terminal capability information to be provided responsive to
the inquiry including the one of the plurality of capability groups that has been
identified.

9. Apparatus according to claim 8, wherein the plurality of capability
groups of said mobile terminal includes a frequency division duplex (FDD) capability
and a time division duplex (TDD) capability of said mobile terminal, and

wherein identifying one of a plurality of capability groups of said mobile
terminal comprises identifying one of the FDD capability of said mobile terminal or
the TDD capability of said mobile terminal to be utilized following the handover

based upon the one or more predefined criteria.

10.  Apparatus according to claim 9, wherein the processing system is
adapted to cause the apparatus to identify one of the FDD or TDD capability of said
mobile terminal by determining one of the FDD or TDD capability of said mobile

terminal based upon a current home public land mobile network (PLMN).

11.  Apparatus according to claim 10, wherein the processing system is
adapted to cause the apparatus to determine one of the FDD or TDD capability of said
mobile terminal based upon a current home PLMN by determining whether the

current home PLMN has FDD system coverage or TDD system coverage.

12.  Apparatus according to claim 9, wherein the processing system is
adapted to cause the apparatus to identify one of the FDD or TDD capability of said
mobile terminal by determining one of the FDD or TDD capability of said mobile
terminal based upon a signal frequency of the second network being associated with

one of the FDD or TDD capability of said mobile terminal.
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13. Apparatus according to claim 12, wherein the processing system is
adapted to cause the apparatus to determine one of the FDD or TDD capability of said
mobile terminal based upon the signal frequency of the second network by
determining whether the signal frequency included in a neighbor cell list is associated

with one of the FDD or TDD capability of said mobile terminal.

14.  Apparatus according to claim 8, wherein the processing system is
adapted to cause the apparatus to:

receive, from said first network, network signaling identifying the capability
group to be utilized; and

identify one of the plurality of capability groups of said mobile terminal by
determining one of the capability groups of said mobile terminal based upon the

network signaling.

15. Apparatus according to any one of claims 8 to 14, wherein the
apparatus is embodied by at least one of a mobile telephone, data card, dongle or

computer.

16. Apparatus according to claim 15, comprising user interface circuitry
adapted to facilitate user control of at least some functions of the mobile telephone

through use of a display or a touch screen.

17. Computer software adapted to perform a method of providing mobile
terminal capability reporting, the method comprising, at a mobile terminal:

receiving an inquiry for mobile terminal capability information in advance of a
handover from a first network operating in accordance with one type of radio access
technology to a second network operating in accordance with a different type of radio

access technology;
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identifying, based upon one or more predefined criteria, one of a plurality of
mobile terminal capability groups supported by said mobile terminal to be utilized
following the handover to said second network; and

causing the mobile terminal capability information to be provided responsive
to the inquiry including the one of the plurality of capability groups that has been
identified.

18. Computer software according to claim 17, wherein the plurality of
capability groups of said mobile terminal includes a frequency division duplex (FDD)
capability of said mobile terminal and a time division duplex (TDD) capability of said
mobile terminal, and

wherein identifying one of a plurality of capability groups of said mobile
terminal comprises identifying one of the FDD capability of said mobile terminal or
the TDD capability of said mobile terminal to be utilized following the handover

based upon the one or more predefined criteria.

19. Computer software according to claim 18, wherein identifying one of
the FDD or TDD capability of said mobile terminal comprises determining one of the
FDD or TDD capability of said mobile terminal based upon a current home public

land mobile network (PLMN).

20. Computer software according to claim 19, wherein determining one of
the FDD or TDD capability of said mobile terminal based upon a current home
PLMN comprises determining whether the current home PLMN has FDD system

coverage or TDD system coverage.

21. Computer software according to claim 18, wherein identifying one of
the FDD or TDD capability of said mobile terminal comprises determining one of the
FDD or TDD capability of said mobile terminal based upon a signal frequency of the
second system being associated with one of the FDD or TDD capability of said
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mobile terminal.

22. Computer software according to claim 21, wherein determining one of
the FDD or TDD capability of said mobile terminal based upon the signal frequency
of the second network comprises determining whether the signal frequency included
in a neighbor cell list is associated with one of the FDD or TDD capability of said

mobile terminal.

23. Computer software according to claim 17, adapted to perform a
method comprising receiving, from said first network, network signaling identifying
the capability group to be utilized,

wherein identifying one of the plurality of capability groups of said mobile
terminal comprises determining one of the capability groups of said mobile terminal

based upon the network signaling.

24. A method of providing mobile terminal capability reporting, the
method comprising, at an access point:

causing a message to be transmitted to a mobile terminal relating to a
handover from a first network operating in accordance with one type of radio access
technology to a second network operating in accordance with a different type of radio
access technology, wherein the message includes an indication as to one of a plurality
of mobile terminal capability groups that is utilized by the second network; and

receiving mobile terminal capability information from the mobile terminal
including an indication of the one of the plurality of mobile terminal capability groups
consistent with the indication provided by the message, said one of the plurality of

mobile terminal capability groups being supported by said mobile terminal.

25. A method according to claim 24, wherein the indication provided by
the message identifies whether the second network has frequency division duplex

(FDD) system coverage or time division duplex (TDD) system coverage, and
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wherein the indication included within the mobile terminal capability
information identifies the one of FDD system coverage or TDD system coverage

consistent with the indication provided by the message.

26. A method according to claim 24 or 25, comprising causing the mobile

terminal capability information to be provided to the second network.

27. A method according to any of claims 24 to 26, wherein causing the
message to be transmitted comprises causing an inquiry for the mobile terminal
capability information to be transmitted to the mobile terminal, and

wherein the inquiry includes an information element including the indication
as to the one of the plurality of mobile terminal capability groups that is utilized by

the second network.

28. Apparatus for use in providing mobile terminal capability reporting,
the apparatus comprising a processing system adapted to cause the apparatus to at
least, at an access point:

cause a message to be transmitted to a mobile terminal relating to a handover
from a first network operating in accordance with one type of radio access technology
to a second network operating in accordance with a different type of radio access
technology, wherein the message includes an indication as to one of a plurality of
mobile terminal capability groups that is utilized by the second network; and

receive mobile terminal capability information from the mobile terminal
including an indication of the one of the plurality of mobile terminal capability groups
consistent with the indication provided by the message, said one of the plurality of

mobile terminal capability groups being supported by said mobile terminal.

29. Apparatus according to claim 28, wherein the indication provided by
the message identifies whether the second network has frequency division duplex

(FDD) system coverage or time division duplex (TDD) system coverage, and
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wherein the indication included within the mobile terminal capability
information identifies the one of FDD system coverage or TDD system coverage

consistent with the indication provided by the message.

30. Apparatus according to claim 28 or 29, wherein the processing system
is adapted to cause the apparatus to cause the mobile terminal capability information

to be provided to the second network.

31. Apparatus according to any of claims 28 to 30, wherein the processing
system is adapted to cause the apparatus to cause the message to be transmitted by
causing an inquiry for the mobile terminal capability information to be transmitted to
the mobile terminal, and

wherein the inquiry includes an information element including the indication
as to the one of the plurality of mobile terminal capability groups that is utilized by

the second network.

32. Apparatus according to any of claims 28 to 31, wherein the apparatus

is embodied by an access point.

33. Computer software adapted to perform a method of providing mobile
terminal capability reporting, the method comprising, at an access point:

causing a message to be transmitted to a mobile terminal relating to a
handover from a first network operating in accordance with one type of radio access
technology to a second network operating in accordance with a different type of radio
access technology, wherein the message includes an indication as to one of a plurality
of mobile terminal capability groups that is utilized by the second network; and

receiving mobile terminal capability information from the mobile terminal
including an indication of the one of the plurality of mobile terminal capability groups
consistent with the indication provided by the message, said one of the plurality of

mobile terminal capability groups being supported by said mobile terminal.
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34, Computer software according to claim 33, wherein the indication
provided by the message identifies whether the second network has frequency
division duplex (FDD) system coverage or time division duplex (TDD) system
coverage, and

wherein the indication included within the mobile terminal capability
information identifies the one of FDD system coverage or TDD system coverage

consistent with the indication provided by the message.

35. Computer software according to claim 33 or 34, adapted to perform a
method comprising causing the mobile terminal capability information to be provided

to the second network.

36. Computer software according to any of claims 33 to 35, adapted to
perform a method comprising causing an inquiry for the mobile terminal capability
information to be transmitted to the mobile terminal,

wherein the inquiry includes an information element including the indication
as to the one of the plurality of mobile terminal capability groups that is utilized by

the second network.

37. A computer program product comprising a non-transitory computer-
readable storage medium having computer readable instructions stored thereon, the
computer readable instructions being executable by a computerized device to cause
the computerized device to perform a method of providing capability reporting

according to any of claims 1 to 7.

38. A computer program product comprising a non-transitory computer-
readable storage medium having computer readable instructions stored thereon, the
computer readable instructions being executable by a computerized device to cause
the computerized device to perform a method of providing capability reporting

according to any of claims 24 to 27.
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