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state information comprising at least one state inform-
ation part associable with different values. The meth-
od further comprises transmitting a current value as-
sociated with at least one state information part from
the user equipment (102) to the first radio access
node (103, 104) in response to detecting at least one
predetermined trigger indicating that the first radio
access node (103, 104) may not hold the current
value. The method further comprises relying on the
first radio access node (103, 104) holding the current
value associated with the at least one state informa-
tion part if no predetermined trigger is detected.
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Description
Title of Invention: METHOD AND APPARATUS FOR

PROCESSING STATE INFORMATION IN COMMUNICATION

[1]

[2]

[3]

[4]

[5]

SYSTEM
Technical Field

The present invention relates generally to a wireless cellular communication system,
and more particularly, to process state information in a radio access network including

a first radio access node that is associated with a cell and user equipment,

Background Art

Up to, and including, Release 10 (REL-10) of the Long Term Evolution (LTE) 3rd
Generation Partnership Project (3GPP) specification number TS 36.300 “Evolved
Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial
Radio Access Network (E-UTRAN); Overall Description; Stage 27, User Equipment
(UE) reporting related to features such as Radio Link Failure (RLF) information
availability, logged measurement information availability and proximity indication. It
is expected that additional reporting will be introduced, for example regarding
Multimedia Broadcast Multicast Services (MBMS) interest and in-device interference,
in later releases.

The UE repeats reporting of such information following every cell change in
connected mode, in other words following every handover or connection re-
establishment. Some such information, such as RLF information and logged mea-
surement information, is contained in mobility-related messages. Other information is
(expected to be) transferred by means of a separate, dedicated message. It is expected
that the UE will need to provide the E-UTRAN with more and more up-to-date in-
formation. It is expected that reporting on the part of the UE will increase, particularly
following a change in cell.

It would be desirable to provide improvements in processing information relating to

user equipment.
Disclosure of Invention

Technical Problem

The present invention has been made to address at least the above problems and/or
disadvantages and to provide at least the advantages described below. Accordingly, an
aspect of the present invention provides a method and apparatus for providing provide

improvements in processing information relating to user equipment.

Solution to Problem
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[6]

[7]

[8]

[9]

[10]

[11]

According to a first aspect of the present invention there is provided a method of
processing state information in a radio access network including a first radio access
node that is associated with a cell and user equipment, the method comprising:
maintaining state information at the user equipment, the state information comprising
at least one state information part associable with different values; transmitting a
current value associated with at least one state information part from the user
equipment to the first radio access node in response to detecting at least one prede-
termined trigger indicating that the first radio access node may not hold the current
value; and relying on the first radio access node holding the current value associated
with the at least one state information part if no predetermined trigger is detected.

At least one state information part may comprise an In Device Co-existence, IDC,
state information part indicating an IDC interference problem for a frequency suitable
for communicating with the first radio access node.

The method may further comprise receiving at the user equipment a message
including configuration information from the first radio access node containing in-
formation for configuring the user equipment with at least one measurement object for
at least one frequency suitable for communicating with the first radio access node, the
measurement object identifying at least one frequency for the user equipment to
perform measurements other than in connection with identifying IDC interference
problems.

The method may further comprise receiving IDC configuration information from the
first radio access node containing information for configuring the user equipment to
maintain at least one IDC state information part for the at least one frequency for
which the user equipment is configured with at least one measurement object and to
transmit current values associated with the at least one IDC state information part to
the first radio access node.

The configuration information may further contain information for configuring the
user equipment with at least one reporting configuration linked to at least one mea-
surement object, the at least one reporting configuration identifying at least one
frequency for the user equipment to report measurements to the first radio access node
other than in connection with identifying IDC interference problems, wherein the
method further comprises the user equipment maintaining at least one IDC state in-
formation part for at least one frequency for which the user equipment is configured
with a measurement object and a linked reporting configuration.

The method may further comprise the user equipment maintaining at least one IDC
state information part for at least one frequency for which the user equipment is
configured with a measurement object and for which the user equipment is not

configured with a reporting configuration linked to that measurement object.
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[19]

In accordance with one embodiment of the present invention user equipment is
arranged to maintain and transmit to a first radio access node in a radio access network
a current value associated with at least one state information part for at least one
frequency for which the user equipment is configured with a measurement object and
for which the user equipment is not configured with a reporting configuration linked to
that measurement object.

At least one predetermined trigger for causing the user equipment to transmit a
current value associated with at least one IDC state information part may comprise
receiving new IDC configuration information from the first radio access node
containing information for configuring the user equipment to maintain at least one IDC
state information part for the at least one new frequency for which the user equipment
is configured with at least one measurement object and to transmit current values as-
sociated with the at least one IDC state information part to the first radio access node.

At least one predetermined trigger for causing the user equipment to transmit a
current value associated with at least one IDC state information part may comprise
receiving new configuration information from the first radio access node containing in-
formation for configuring the user equipment with at least one measurement object for
at least one new frequency suitable for communicating with the first radio access node
when the user equipment was not immediately previously configured with at least one
measurement object for the at least one new frequency and the user equipment is
configured to maintain at least one IDC state information part for the at least one new
frequency.

The new configuration information may be received upon the user equipment
connecting to a new cell.

The system may further comprise a source radio access node associated with a first
cell and the first radio access node comprises a target radio access node associated with
a second cell and capable of receiving IDC state information from the source radio
access node, and wherein the new configuration information may be received upon the
user equipment changing connection from the first cell to the second cell.

Upon transmitting the current value associated with the at least one IDC state in-
formation part the user equipment may be further arranged to transmit at least one IDC
state information part in connection with at least one other frequency for which the
user equipment is configured to maintain at least one state information part.

Upon transmitting the current value associated with the at least one IDC state in-
formation part the user equipment may be further arranged to transmit additional IDC
information arranged to assist the first radio access node in responding to the IDC in-
terference.

The user equipment may be arranged to determine one or more frequencies un-
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affected by IDC interference and to transmit additional IDC information identifying
the one or more unaffected frequencies.

The user equipment may be arranged to determine at least one preferred cell for
which one or more frequencies not affected by IDC interference are available and for
which the user equipment is arranged to provide IDC indications and which the user
equipment has measurement information available other than in connection with
identifying IDC interference problems.

The user equipment may be arranged to determine the at least one preferred cell by
determining at least one cell having the highest signal strength to IDC interference
ratio

The additional IDC information may be transmitted only if the user equipment de-
termines that the transmission of the current value associated with the IDC state in-
formation indicates that the first radio access node is likely to initiate a handover to
another frequency.

In a further embodiment of the invention user equipment may be arranged to
maintain and transmit a current value associated with the at least one IDC state in-
formation part, and the user equipment may be further arranged to transmit additional
IDC information arranged to assist the first radio access node in responding to the IDC
interference. The user equipment may be arranged to determine one or more fre-
quencies unaffected by IDC interference and to transmit additional IDC information
identifying the one or more unaffected frequencies. The user equipment may be
arranged to determine at least one preferred cell for which one or more frequencies not
affected by IDC interference are available on the basis of measurement information
obtained other than in connection with identifying IDC interference problems available
to the user equipment. The user equipment may be arranged to determine the at least
one preferred cell by determining whether the measurement information exceeds a pre-
determined threshold or by determining at least one cell having the highest signal
strength to IDC interference ratio. The additional IDC information may be transmitted
only if the user equipment determines that the transmission of the current value as-
sociated with the IDC sate information indicates that the first radio access node is
likely to initiate a handover to another frequency.

The at least one predetermined trigger may include one or more of: determining that
the current value has not been reported to the first radio access network; and receiving,
from the first radio access node, a message comprising at least one predetermined
indicator from which it can be determined whether or not the first radio access node
stores the current value.

The at least one predetermined indicator may comprise a version identifier indicating

a version of the at least one state information part, and the method may further
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comprise determining that the version identifier received from the first radio access
node does not correspond to the current version of the at least one state information
part maintained at the user equipment.

The message may comprise a handover command or a message sent upon connection
re-establishment.

The system may further comprise a source radio access node associated with one or
more cells and the first radio access node comprises a target radio access node capable
of receiving state information from the source radio access node, and wherein on the
basis of a change of connection of the user equipment from a cell associated with the
source radio access node to a cell associated with the target radio access node the at
least one predetermined trigger may include or further include one or more of: de-
termining that the target radio access node has not received the current value from the
source radio access node; determining that the current value may have been reported to
the source radio access node too late for the source radio access node to have
transmitted it to the target radio access node; determining that the current value was
reported to the source radio access node within at least one predetermined time period
prior to receiving a message relating to the change in connection; determining that the
current value was reported to the source radio access node within at least one prede-
termined time period prior to detecting a failure in a connection to the source radio
access node; and determining at least one of the source radio access node and one or
more radio access node to which the user equipment was previously connected since
the value associated with the at least one state information part was last reported to the
radio access network, does not support forwarding of state information relating to the
user equipment.

The at least one predetermined time period may include one or more of: a time period
associated with a handover command; a time period associated with a re-establishment
procedure; a time period specified in a telecommunications standard; and a time period
configured by the radio access network.

The source radio access node may operate a first radio access technology and the
target radio access node operates a second, different radio access technology.

The radio access network may be an Evolved Universal Terrestrial Radio Access
Network.

The radio access node may be an evolved Node B.

According to a second aspect of the present invention there is provided a method of
processing state information in user equipment in a radio access network including a
first radio access node that is associated with a cell and the user equipment, the method
comprising: maintaining state information at the user equipment, the state information

comprising at least one state information part associable with different values;
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detecting whether or not at least one predetermined trigger occurs indicating that the
first radio access node may not hold the current value transmitting a current value as-
sociated with at least one state information part from the user equipment to the first
radio access node in response to detecting at least one predetermined trigger; and
relying on the first radio access node holding the current value associated with the at
least one state information part if no predetermined trigger is detected.

According to a third aspect of the present invention there is provided a method of
processing state information in a first radio access node in a radio access network
including the first radio access node associated with a cell and user equipment, the
method comprising: receiving a current value associated with at least one state in-
formation part from the user equipment in response to the user equipment detecting at
least one predetermined trigger indicating that the first radio access node may not hold
the current value.

According to a fourth aspect of the present invention there is provided a radio access
network comprising: a first radio access node that is associated with a cell; and user
equipment; wherein the user equipment is arranged to maintain state information, the
state information comprising at least one state information part associable with
different values; wherein the user equipment is arranged to transmit a current value as-
sociated with at least one state information part to the first radio access node in
response to detecting at least one predetermined trigger indicating that the first radio
access node may not hold the current value; wherein the first radio access node is
arranged to receive a current value associated with at least one state information part
from the user equipment in response to the user equipment detecting at least one prede-
termined trigger indicating that the first radio access node may not hold the current
value; and wherein the user equipment is arranged to rely on the first radio access node
holding the current value associated with the at least one state information part if no
predetermined trigger is detected.

According to a fifth aspect of the present invention there is provided user equipment
arranged to form part of a radio access network including a first radio access node that
is associated with a cell: wherein the user equipment is arranged to maintain state in-
formation, the state information comprising at least one state information part as-
sociable with different values; wherein the user equipment is arranged to transmit a
current value associated with at least one state information part to the first radio access
node in response to detecting at least one predetermined trigger indicating that the first
radio access node may not hold the current value; and wherein the user equipment is
arranged to rely on the first radio access node holding the current value associated with
the at least one state information part if no predetermined trigger is detected.

According to a sixth aspect of the present invention there is provided a first radio
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access node in a radio access network including user equipment: wherein the first radio
access node is arranged to be associated with a cell; and wherein the first radio access
node is arranged to receive a current value associated with at least one state in-
formation part from the user equipment in response to the user equipment detecting at
least one predetermined trigger indicating that the first radio access node may not hold
the current value.

According to a seventh aspect of the present invention there is provided a computer
program product comprising a non-transitory computer-readable storage medium
having computer readable instructions stored thereon, the computer readable in-
structions being executable by a computerized device to cause the computerized device
to perform the above method of processing state information in a radio access network.

According to an eighth aspect of the present invention there is provided a computer
program product comprising a non-transitory computer-readable storage medium
having computer readable instructions stored thereon, the computer readable in-
structions being executable by a computerized device to cause the computerized device
to perform the above method of processing state information in user equipment.

According to a ninth aspect of the present invention there is provided a computer
program product comprising a non-transitory computer-readable storage medium
having computer readable instructions stored thereon, the computer readable in-
structions being executable by a computerized device to cause the computerized device
to perform the above method of processing state information in a first radio access
node.

According to another aspect of the invention, there is provided a method of
processing state information relating to user equipment in a communications system
comprising a radio access network, the communications system comprising:

a source radio access node that is associated with one or more cells; and

a target radio access node that is associated with one or more cells and that is capable
of receiving the state information from the source radio access node,

the method comprising:

maintaining current state information relating to the user equipment, the state in-
formation comprising at least one state information part associated with one or more
features for which state information reporting may be configured in a cell, the at least
one state information part being associable with a plurality of different values; and

on the basis of a change of connection of the user equipment from a first cell to a
second cell:

transmitting a current value associated with a given state information part to the
target radio access node in response to detecting at least one of one or more prede-

termined triggers that indicate that the target radio access node may not have received
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[48]
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[50]
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[55]
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[57]

[58]

[59]
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the current value from the source radio access node; or

relying on the target radio access node having received the current value from the
source radio access node if said at least one of said one or more predetermined triggers
is not detected.

As such, unnecessary reporting of state information may be reduced. Said relying
preferably comprises not transmitting a current value associated with a given state in-
formation part to the target radio access node if said at least one of said one or more
predetermined triggers is not detected.

In some embodiments, the one or more predetermined triggers include determining
that the target radio access node has not received the current value from the source
radio access node.

In some embodiments, the one or more predetermined triggers include determining
that the current value has not been reported to the radio access network.

In some embodiments, the one or more predetermined triggers include determining
that the current value may have been reported to the source radio access node too late
for the source radio access node to have transmitted it to the target radio access node.

In some embodiments, the at least one trigger includes determining that the current
value was reported to the source radio access node within at least one predetermined
time period prior to receiving a message relating to the change in connection.

In some embodiments, the at least one predetermined time period includes a time
period associated with a handover command.

In some embodiments, the message comprises a handover command.

In some embodiments, the at least one trigger includes determining that the current
value was reported to the source radio access node within at least one predetermined
time period prior to detecting a failure in a connection to the source radio access node.

In some embodiments, the at least one predetermined time period includes a time
period associated with a re-establishment procedure.

In some embodiments, the at least one predetermined time period includes a time
period specified in a telecommunications standard.

In some embodiments, the at least one predetermined time period includes a time
period configured by the radio access network.

In some embodiments, the one or more predetermined triggers include receiving,
from the target radio access node, a message comprising at least one predetermined
indicator from which it can be determined whether or not the target radio access node
has received the current value from the source radio access node.

In some embodiments, the at least one predetermined indicator comprises a version
identifier indicating a version of the given state information part.

In some embodiments, the one or more predetermined triggers include determining
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that the version identifier received from the target radio access node does not
correspond with a current version of the given state information part.

Some embodiments comprise:

including a version identifier indicating a version of the given state information part
when reporting the value associated with the given state information part to the radio
access network.

Some embodiments comprise:

including a version identifier indicating a version of the given state information part
when reporting a change in the value associated with the given state information part to
the radio access network.

Some embodiments comprise:

advancing the version identifier indicating the version of the given state information
part upon transmitting the change in the value associated with the given state in-
formation part to the radio access network.

In some embodiments, the version identifier is a common version identifier that
indicates a version of both the given state information part and at least one additional
state information part.

Some embodiments comprise:

including the common version identifier when reporting the value associated with the
given state information part and/or the at least one additional state information part to
the radio access network.

Some embodiments comprise:

including the common version identifier when reporting a change in the value as-
sociated with the given state information part and/or the at least one additional state in-
formation part to the radio access network.

Some embodiments comprise:

advancing the common version identifier upon transmitting a change in the value as-
sociated with the given state information part and/or the at least one additional state in-
formation part to the radio access network.

In some embodiments, the one or more predetermined triggers include:

determining that the common version identifier received from the target radio access
node does not correspond with a current common version of the given state in-
formation part and the at least one additional state information part; and

determining that the value currently associated with the given state information part
is different from the value associated with a version of the given state information part
as indicated by the received common version identifier.

In some embodiments, the message received from the target radio access node relates

to handover.
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[90]

[91]

In some embodiments, the message received from the target radio access node relates
to a connection re-establishment procedure.

In some embodiments, the given state information part is associable with a version
identifier that indicates a version of the given state information part and the at least one
predetermined indicator includes a predetermined version identifier value.

In some embodiments, the given state information part is associable with a version
identifier that indicates a version of the given state information part and the at least one
predetermined indicator includes the absence of a version identifier associated with the
given state information part.

In some embodiments, the at least one trigger includes determining that the source
radio access node, and/or or one more radio access nodes to which the user equipment
was previously connected since the value currently associated with the given state in-
formation part was reported to the radio access network, does not support forwarding
of state information relating to the user equipment.

Some embodiments comprise:

transmitting the value currently associated with the given state information part to the
target radio access node in response to said detecting at least one predetermined trigger
only if the given state information part is associated with one or more features for
which state information reporting is configured in the second cell.

In some embodiments, the given state information part is associated with one or more
features for which state information reporting is configured in both the first cell and the
second cell.

In some embodiments, the given state information part is associated with one or more
features for which state information reporting is configured in the second cell and for
which state information reporting is not configured in the first cell.

In some embodiments, the at least one trigger includes determining that the given
state information part is associated with one or more features for which state in-
formation reporting is configured in the second cell and for which state information
reporting is not configured in the first cell.

Some embodiments comprise:

transmitting an additional current value associated with a further given state in-
formation part to the target radio access node in response to detecting at least one of
one or more predetermined triggers that indicate that the target radio access node may
not have received the additional current value from the source radio access node; and

relying on the target radio access node having received the additional current value
from the source radio access node if said at least one of said one or more prede-
termined triggers is not detected.

In some embodiments, at least the current value and the additional current value are
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[104]
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included in a single message to the target radio access node.

In some embodiments, the radio access network is an Evolved Universal Terrestrial
Radio Access Network.

In some embodiments, one or both of the source radio access node and the target
radio access node is an evolved Node B.

In some embodiments, the source radio access node operates a first radio access
technology and the target radio access node operates a second, different radio access
technology.

According to another aspect of the invention, there is provided a method of
processing state information relating to user equipment in a communications system
comprising a radio access network, the communications system comprising:

a target radio access node that is associated with one or more cells and that is capable
of receiving state information from a source radio access node that is associated with
one or more cells; and

user equipment that is configured to maintain current state information relating to the
user equipment, the state information comprising at least one state information part as-
sociated with one or more features for which state information reporting may be
configured in a cell, the at least one state information part being associable with a
plurality of different values,

the method comprising, at the source radio access node:

receiving state information relating to the user device; and

transmitting at least part of the received state information to the target radio access
node,

whereby, on the basis of a change of connection of the user equipment from a first
cell to a second cell:

the user equipment transmits a current value associated with a given state in-
formation part to the target radio access node in response to detecting at least one of
one or more predetermined triggers that indicate that the target radio access node may
not have received the current value from the source radio access node; or

the user equipment relies on the target radio access node having received the current
value from the source radio access node if said at least one of said one or more prede-
termined triggers is not detected.

As such, unnecessary reporting of state information may be reduced.

Some embodiments comprise:

transmitting the at least part of the received state information in a message associated
with the change in connection from the source radio access node to the target radio
access node.

In some embodiments, the message comprises a handover preparation message.
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[108] Some embodiments comprise:

[109] including the at least part of the received state information in an Access Stratum
(AS)-context field in the handover preparation message.

[110] Some embodiments comprise:

[111] including the at least part of the received state information in an information
container, the information container being a variable size string.

[112] Some embodiments comprise:

[113] receiving state information reports from the user equipment, the state information
reports identifying changes to the state information relating to the user equipment.

[114] Some embodiments comprise:

[115] receiving a version identifier indicating a version of at least part of the state in-
formation when the user equipment reports a value associated with the at least part of
the state information.

[116] Some embodiments comprise:

[117] receiving a version identifier indicating a version of at least part of the state in-
formation when the user equipment reports a change in the value associated with the at
least part of the state information.

[118] Some embodiments comprise:

[119] receiving at least some of the received state information from a radio access node to
which the user equipment was previously connected.

[120] In some embodiments, at least a part of the received state information is not compre-
hensible by the source radio access node.

[121] According to another aspect of the invention, there is provided a method of
processing state information relating to user equipment in a communications system
comprising a radio access network, the communications system comprising:

[122] a source radio access node that is associated with one or more cells; and

[123] user equipment that is configured to maintain current state information relating to the
user equipment, the state information comprising at least one state information part as-
sociated with one or more features for which state information reporting may be
configured in a cell, the at least one state information part being associable with a
plurality of different values,

[124] the method comprising, at a target radio access node that is associated with one or
more cells and that is capable of receiving the state information from the source radio
access node, on the basis of a change of connection of the user equipment from a first
cell to a second cell:

[125] receiving a current value associated with a given state information part from the user

equipment in response to the user equipment detecting at least one of one or more pre-

determined triggers that indicate that the current value from the source radio access
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node may not have been received at the target radio access node; or

relying on having received the current value from the source radio access node if said
at least one of said one or more predetermined triggers is not detected.

As such, unnecessary reporting of state information may be reduced.

Some embodiments comprise:

transmitting a message comprising at least one predetermined indicator from which it
can be determined whether or not the target radio access node has received the current
value from the source radio access node.

In some embodiments, the at least one predetermined indicator comprises a version
identifier indicating a version of the given state information part.

Some embodiments comprise:

receiving at least the version identifier from the source radio access node.

In some embodiments, the version identifier is a common version identifier that
indicates a version of both the given state information part and at least one additional
state information part.

In some embodiments, the message received relates to handover.

In some embodiments, the message received relates to a connection re-establishment
procedure.

In some embodiments, the given state information part is associable with a version
identifier that indicates a version of the given state information part and wherein the at
least one predetermined indicator includes a predetermined version identifier.

In some embodiments, the given state information part is associable with a version
identifier that indicates a version of the given state information part and wherein the at
least one predetermined indicator includes the absence of a version identifier as-
sociated with the given state information part.

Some embodiments comprise:

receiving at least some of the state information relating to the user equipment in a
message associated with the change in connection from the source radio access node.

In some embodiments, the message comprises a handover preparation message.

According to another aspect of the invention, there is provided apparatus for
processing state information relating to user equipment in a communications system
comprising a radio access network, the communications system comprising:

a source radio access node that is associated with one or more cells; and

a target radio access node that is associated with one or more cells and that is capable
of receiving the state information from the source radio access node, the apparatus
being configured to:

maintain current state information relating to the user equipment, the state in-

formation comprising at least one state information part associated with one or more
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features for which state information reporting may be configured in a cell, the at least
one state information part being associable with a plurality of different values; and

on the basis of a change of connection of the user equipment from a first cell to a
second cell:

transmit a current value associated with a given state information part to the target
radio access node in response to detecting at least one of one or more predetermined
triggers that indicate that the target radio access node may not have received the
current value from the source radio access node; or

rely on the target radio access node having received the current value from the source
radio access node if said at least one of said one or more predetermined triggers is not
detected.

According to another aspect of the invention, there is provided apparatus for
processing state information relating to user equipment in a communications system
comprising a radio access network, the communications system comprising:

a target radio access node that is associated with one or more cells and that is capable
of receiving state information from a source radio access node that is associated with
one or more cells; and

user equipment that is configured to maintain current state information relating to the
user equipment, the state information comprising at least one state information part as-
sociated with one or more features for which state information reporting may be
configured in a cell, the at least one state information part being associable with a
plurality of different values, the apparatus being configured to:

receive state information relating to the user device; and

transmit at least part of the received state information to the target radio access node,

whereby, on the basis of a change of connection of the user equipment from a first
cell to a second cell:

the user equipment transmits a current value associated with a given state in-
formation part to the target radio access node in response to detecting at least one of
one or more predetermined triggers that indicate that the target radio access node may
not have received the current value from the apparatus; or

the user equipment relies on the target radio access node having received the current
value from the apparatus if said at least one of said one or more predetermined triggers
is not detected.

According to another aspect of the invention, there is provided apparatus for
processing state information relating to user equipment in a communications system
comprising a radio access network, the communications system comprising:

a source radio access node that is associated with one or more cells; and

user equipment that is configured to maintain current state information relating to the
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user equipment, the state information comprising at least one state information part as-
sociated with one or more features for which state information reporting may be
configured in a cell, the at least one state information part being associable with a
plurality of different values,

the apparatus being associated with one or more cells, being capable of receiving the
state information from the source radio access node, and being configured to, on the
basis of a change of connection of the user equipment from a first cell to a second cell:

receive a current value associated with a given state information part from the user
equipment in response to the user equipment detecting at least one of one or more pre-
determined triggers that indicate that the current value from the source radio access
node may not have been received at the target radio access node; or

rely on having received the current value from the source radio access node if said at
least one of said one or more predetermined triggers is not detected.

According to another aspect of the invention, there is provided 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 processing state information relating to user equipment in a com-
munications system comprising a radio access network, the communications system
comprising:

a source radio access node that is associated with one or more cells; and

a target radio access node that is associated with one or more cells and that is capable
of receiving the state information from the source radio access node, the method
comprising:

maintaining current state information relating to the user equipment, the state in-
formation comprising at least one state information part associated with one or more
features for which state information reporting may be configured in a cell, the at least
one state information part being associable with a plurality of different values; and

on the basis of a change of connection of the user equipment from a first cell to a
second cell:

transmitting a current value associated with a given state information part to the
target radio access node in response to detecting at least one of one or more prede-
termined triggers that indicate that the target radio access node may not have received
the current value from the source radio access node; or

relying on the target radio access node having received the current value from the
source radio access node if said at least one of said one or more predetermined triggers
is not detected.

According to another aspect of the invention, there is provided computer program
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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 processing state information relating to user equipment in a com-
munications system comprising a radio access network, the communications system
comprising:

a target radio access node that is associated with one or more cells and that is capable
of receiving state information from a source radio access node that is associated with
one or more cells; and

user equipment that is configured to maintain current state information relating to the
user equipment, the state information comprising at least one state information part as-
sociated with one or more features for which state information reporting may be
configured in a cell, the at least one state information part being associable with a
plurality of different values,

the method comprising, at the source radio access node:

receiving state information relating to the user device; and

transmitting at least part of the received state information to the target radio access
node,

whereby, on the basis of a change of connection of the user equipment from a first
cell to a second cell:

the user equipment transmits a current value associated with a given state in-
formation part to the target radio access node in response to detecting at least one of
one or more predetermined triggers that indicate that the target radio access node may
not have received the current value from the source radio access node, or

the user equipment relies on the target radio access node having received the current
value from the source radio access node if said at least one of said one or more prede-
termined triggers is not detected.

According to another aspect of the invention, there is provided 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 processing state information relating to user equipment in a com-
munications system comprising a radio access network, the communications system
comprising:

a source radio access node that is associated with one or more cells; and

user equipment that is configured to maintain current state information relating to the
user equipment, the state information comprising at least one state information part as-

sociated with one or more features for which state information reporting may be
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configured in a cell, the at least one state information part being associable with a
plurality of different values,

the method comprising, at a target radio access node that is associated with one or
more cells and that is capable of receiving the state information from the source radio
access node, on the basis of a change of connection of the user equipment from a first
cell to a second cell:

receiving a current value associated with a given state information part from the user
equipment in response to the user equipment detecting at least one of one or more pre-
determined triggers that indicate that the current value from the source radio access
node may not have been received at the target radio access node; or

relying on having received the current value from the source radio access node if said
at least one of said one or more predetermined triggers is not detected.

According to another aspect of the invention, there is provided a method of operating
a user equipment in a communications system comprising at least one cell that is
controlled by a radio access node, the method comprising:

maintaining current state information relating to the user equipment, the state in-
formation comprising at least one state information part associated with one or more
features for which state information reporting may be configured in the at least one
cell, the at least one state information part being associable with a plurality of different
values;

receiving an indication from the radio access node regarding state information held
by the radio access node relating to the user equipment;

determining whether to report current state information relating to the user equipment
to the radio access node on the basis of the received indication; and

reporting a current value associated with at least a given state information part to the
radio access node in response to determining that current state information relating to
the user equipment should be transmitted on the basis of the received indication.

As such, unnecessary reporting of state information may be reduced. If the deter-
mination based on the received indication is that no reporting is required, or if no in-
dication is received, the user equipment preferably refrains from transmitting a current
value associated with a given state information part to the radio access node.

In some embodiments, the determining includes determining that the current value
has not yet been received by the radio access node.

In some embodiments, the received indication comprises a version identifier in-
dicating a version of the given state information part held by the radio access node.

Some embodiments comprise including the determining includes determining that
the version identifier does not correspond with a current version of the given state in-

formation part.
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Some embodiments comprise including a version identifier indicating the current
version of the given state information part when reporting the value associated with the
given state information part to the radio access node.

Some embodiments comprise advancing the version identifier indicating the current
version of the given state information part upon reporting the value associated with the
given state information part to the radio access node.

In some embodiments, the version identifier indicating a version of the given state in-
formation part held by the radio access node is a common version identifier that
indicates a version of both the given state information part and at least one additional
state information part.

Some embodiments comprise reporting the value associated with the given state in-
formation part and a value associated with the at least one additional state information
part to the radio access node.

Some embodiments comprise including a common version identifier when reporting
the value associated with the given state information part and the value associated with
the at least one additional state information part to the radio access node.

In some embodiments, the indication is received from the radio access node on the
basis of a change of connection of the user equipment from a first cell in the commu-
nications system to a second cell in the communications system.

According to another aspect of the invention, there is provided user equipment for
use in a communications system comprising at least one cell that is controlled by a
radio access node, the user equipment comprising:

a data store for maintaining current state information relating to the user equipment,
the state information comprising at least one state information part associated with one
or more features for which state information reporting may be configured in the at least
one cell, the at least one state information part being associable with a plurality of
different values;

a radio interface for receiving an indication from the radio access node regarding
state information held by the radio access node relating to the user equipment, and for
reporting state information to the radio access node; and

a processor configured to determine whether to report current state information
relating to the user equipment to the radio access node on the basis of the received in-
dication, and for reporting a current value associated with at least a given state in-
formation part to the radio access node in response to determining that current state in-
formation relating to the user equipment should be transmitted on the basis of the
received indication.

According to another aspect of the invention, there is provided a method of operating

a user equipment in a radio access network comprising cells that are controlled by
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radio access nodes, the method comprising:

maintaining current state information relating to the user equipment, the state in-
formation comprising at least one state information part associated with one or more
features for which state information reporting may be configured in a cell, the at least
one state information part being associable with a plurality of different values;

initiating first reporting of a current value associated with at least a given state in-
formation part to a radio access node;

activating a timer on the basis of the initiation of the first reporting;

determining whether to initiate second reporting of the current value to a radio access
node on the basis of one or more predetermined triggers; and

initiating second reporting of the current value in response to detection of one of said
of one or more predetermined triggers before expiry of a timing period measured by
said timer.

As such, unnecessary reporting of state information may be reduced. If the timing
period measured by said timer expires without detection of one of said of one or more
predetermined triggers, the user equipment preferably refrains from transmitting a
current value associated with a given state information part to the radio access node,
and a radio access node may obtain the value by other means, such as by transfer of the
information from another radio access node. The current value associated with a given
state information part then does not need to be transmitted over the air interface if the
user equipment refrains from such transmission. Since a significant amount of state in-
formation might otherwise require to be transmitted repeatedly over the air interface,
this can result in significant improvements in efficiency of use of the bandwidth
available over the radio interface. Nevertheless, if one of said of one or more prede-
termined triggers is detected before expiry of the timing period measured by said timer,
the current value associated with a given state information part may then be
transmitted, to ensure that the radio access node currently serving the user equipment
has access to the state information required for improved operation of the user
equipment.

In some embodiments, said one or more predetermined triggers comprise failure of a
connection between the user equipment and the radio access network.

In some embodiments said one or more predetermined triggers comprises a message
associated with handover between cells of the radio access network.

According to another aspect of the invention, there is provided user equipment for
use in a radio access network comprising cells that are controlled by radio access
nodes, the user equipment comprising:

a data store for maintaining current state information relating to the user equipment,

the state information comprising at least one state information part associated with one
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or more features for which state information reporting may be configured in a cell, the
at least one state information part being associable with a plurality of different values;

and
a processor configured to:

initiate first reporting of a current value associated with at least a given state in-
formation part to a radio access node;

activate a timer on the basis of the initiation of the first reporting;

determine whether to initiate second reporting of the current value to a radio access
node on the basis of one or more predetermined triggers; and

initiate second reporting of the current value in response to detection of one of said
of one or more predetermined triggers before expiry of a timing period measured by
said timer.

Further features and advantages of the invention will become apparent from the
following description of preferred embodiments of the invention, given by way of
example only, which is made with reference to the accompanying drawings.
Advantageous Effects of Invention

Advantages, and salient features of the invention will become apparent to those
skilled in the art from the following detailed description, which, taken in conjunction
with the annexed drawings, discloses exemplary embodiments of the invention.
Brief Description of Drawings

Figure 1 is a block schematic representation of a communications system according
to some embodiments;

Figure 2 shows a method of processing state information relating to user equipment
according to some embodiments;

Figure 3 shows a method of processing state information relating to user equipment
according to some embodiments;

Figure 4 shows a method of processing state information relating to user equipment
according to some embodiments;

Figure 5 shows a method of processing state information relating to user equipment
according to some embodiments;

Figure 6 is a block schematic representation of a communications system according
to some embodiments;

Figure 7 shows a conventional method of processing state information relating to an
In Device Co-existence (IDC) indication through reconfiguration (Time Domain Mul-
tiplexing TDM);

Figure 8 shows a conventional method of processing state information relating to an

IDC indication through handover to a new cell (Frequency Division Multiplexing
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FDM);

Figure 9 shows a method of processing state information relating to an IDC in-
dication for user equipment according to some embodiments;

Figure 10 shows a method of processing state information relating to an IDC in-
dication for user equipment according to some embodiments; and

Figure 11 shows a method of processing state information relating to an IDC in-
dication for user equipment according to some embodiments.

Mode for the Invention

Figure 1 is a block schematic representation of a communications system 100
according to some embodiments.

The communications system 100 includes a radio access network, generally indicated
in a dotted box in Figure 1 and designated by reference 101. In some embodiments, the
radio access network 101 comprises an E-UTRAN. At least some embodiments are
intended to be applicable to release 11 (REL-11) and beyond of the E-UTRA.
However, at least some embodiments may be applicable to other releases of the E-
UTRA and/or other (radio access) systems.

The communications system 100 includes User Equipment (UE) 102. In some em-
bodiments, the UE 102 is a mobile telephony device. However, other types of UE 102
are envisaged.

The radio access network 101 includes first and second radio access nodes 103, 104.
The first and second radio access nodes 103, 104 control at least respective first and
second cells 105, 106. It will be appreciated that one or both of the first and second
radio access nodes 103, 104 may control more than one cell. The first and second radio
access nodes 103, 104 may be communicatively coupled by means of one or more in-
terfaces 107, 108, and 109.

In some embodiments, the radio access nodes 103, 104 are evolved Node Bs
(eNodeBs or eNBs). In such embodiments, the radio access nodes 103, 104 may be
able to interact directly with each other via an X2 interface 107 and/or indirectly via
respective S1 interfaces 108, 109 to a Core Network (CN) 110. In some embodiments,
the first radio access node 103 operates a first Radio Access Technology (RAT) and
the second radio access node 104 operates a second, different RAT.

The UE 102 communicates with the first radio access node 103 via a first radio link
111 and communicates with the second radio access node 104 via a second radio link
112.

It will be appreciated that the communications system 100 may include more than
one UE 102 and the radio access network 101 may include more than two radio access

nodes and associated cells.
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In some embodiments, one of the first and second radio access nodes, in this case the
first radio access node 103, is a source radio access node 103 that is associated with a
first cell 105. The source radio access node 103 may be configured to transmit state in-
formation relating to the UE 102. The other of the first and second radio access nodes,
in this case the second radio access node 104, is a target radio access node 104 that is
associated with a second cell 106. The target radio access node 104 is capable of
receiving the state information from the source radio access node 103. The source
radio access node 103 is configured to transmit the state information to the target radio
access node 104 via the at least one interface 107, 108, 109 between the source radio
access node 103 and the target radio access node 104.

The UE 102 is configured to maintain current state information relating to the UE
102. The state information comprises at least one state information part that is as-
sociated with one or more features for which state information reporting may be
configured in the first cell 105 and/or the second cell 106. The at least one state in-
formation part is associable with a plurality of different values. The state information
may be at least partly dynamic.

In some embodiments, the state information comprises status information relating to
the UE 102, for example relating to proximity to a Closed Subscriber Group (CSG)
cell, interest in MBMS services or in-device interference. In some embodiments, the
state information comprises UE capability information, i.e. capability information
relating to the UE 102, which is dynamic and may change, for example support for
RLF information availability and/or logged measurement information availability, UE
category information, or power class (which may change for example with the device
is plugged into an external power source). One or more elements of the UE capability
information may reflect the data rate that the UE currently supports. The current state
of this information may depend on a task the UE 102 is performing e.g. playing a
game, doing navigation, etc. In such cases the UE capabilities may change, dependent
on the current operational state of the UE 102.

Other types of state information that the UE 102 may report to the radio access
network 101 are contemplated.

In some cases, the connection may change from the first cell 105 to the second cell
106. The connection may change, for example, as a result of a handover or as a result
of re-establishment following a connection failure. The UE 102 may detect such a
connection change, for example by receiving a handover command or by detecting the
connection failure. In embodiments in which the source radio access node 103 operates
a first RAT and the target radio access node 104 operates a second, different RAT, this
change in connection may be referred to as an inter-RAT cell change.

In some embodiments, the source radio access node 103 receives state information
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relating to the UE 102 and transmits the received state information to the target radio
access node 104.

In some embodiments, the source radio access node 103 is configured to transmit at
least part of the state information in a message associated with the change in
connection. Thus, in some embodiments, as part of the change in connection (for
example as part of handover preparation), the source radio access node 103 provides
the state information to the target radio access node 104. In some embodiments, the
message associated with the change in connection comprises a handover preparation
message. In some embodiments, the source radio access node 103 is configured to
include the at least part of the received state information in an Access Stratum
(AS)-context field in a handover preparation message. Thus, in some embodiments, the
at least part of the state information may be included in the AS-context field in a Han-
doverPreparationInformation message. In some embodiments, the source radio access
node 103 is configured to include the at least part of the state information in an in-
formation container, the information container being a variable size string.

In some embodiments, the source radio access node 103 receives state information
reports from the UE 102. The state information reports identify changes to the state in-
formation relating to the UE 102. In some embodiments, the UE 102 transmits state in-
formation reports only in the event of a change to at least part of the state information.

Some embodiments comprise receiving at least some of the state information from a
radio access node (not shown in Figure 1; see Figures 3 to 5) to which the UE 102 was
previously connected.

In some cases, the state information received from the previous radio access node is
not comprehensible by the source radio access node 103, for example because the
source radio access node 103 and the previous radio access node may support different
specification releases and/or functionality. By implementing backwards compatibility
in protocols, the radio access nodes may still be able to cooperate for the functionality
supported by both radio access nodes. Whenever the protocols evolve, extension fields
may be introduced for newly added functionality. Backwards compatibility may be
provided by configuring radio access nodes that do not support such newly added func-
tionality and/or do not comprehend the associated extension fields or parameters to
ignore the extensions or parameters, as the case may be. Nodes that support transparent
transfer or forwarding may be able to identify the end of the state information, for
example based on the size of the container in which the state information is included,
without having to comprehend the details of the state information (which is otherwise
needed when using packed encoding rules (PER)).

In some cases, it may not seem beneficial or even desirable, to introduce ‘transparent

forwarding’ of state information from a previous radio access node to the source radio
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access node 103 when the state information is not comprehensible by the source radio
access node 103 since such transparent forwarding would allow forwarding of state in-
formation to nodes that do not comprehend the state information. While connected to
such nodes, the UE 102 cannot provide state information reports and, hence, the
forwarded state information might be out-dated when it reaches the next radio access
node. In such cases, the transfer of state information transparently may only serve to
increase overall signalling in the radio access network 101, which is generally un-
desirable.

However, in some cases, transparent forwarding may be desirable. For example, it
may typically be more difficult to upgrade femto radio access nodes than it is to
upgrade macro radio access nodes. Consequently, it is quite possible that a femto radio
access node would conform to an earlier (older) specification release than a macro
radio access node. If the UE 102 operates on a frequency in which femto radio access
nodes are deployed, the UE 102 may regularly connect to a radio access node that uses
an old release that may not support state information reporting. Since femto cells are
relatively small, the stay by the UE 102 in such cells may be rather short. Thus, it is
quite possible that after passing through a femto cell, the UE 102 status is still valid. In
such cases, it may be desirable to provide support for transparent forwarding of the
state information by nodes that support transparent transfer but that may not support
state information reporting in relation to features for which state information reporting
is added in later releases.

As explained above, is generally desirable that unnecessary state information
reporting by the UE 102 be minimised. As such, the UE 102 is configured to transmit a
current value associated with a given state information part to the target radio access
node 104 in response to detecting at least one of one or more predetermined triggers
that indicate that the target radio access node 104 may not have received the current
value from the source radio access node 103. The UE 102 relies on the target radio
access node 104 having received the current value from the source radio access node
103 if said at least one of said one or more predetermined triggers is not detected.
Thus, in some embodiments, the at least one predetermined trigger acts as an indicator
that the target radio access node 104 may not have received, is unlikely to have
received, or has not received, the current value from the source radio access node 103.
In such cases, the UE 102 can report the current value to the target radio access node
104 so that the target radio access node 104 has up-to-date state information relating to
the UE.

In some embodiments, the one or more predetermined triggers include determining
that the target radio access node 104 has not received the current value from the source

radio access node 103. In such embodiments, the UE 102 reports the current value to



25

WO 2013/172638 PCT/KR2013/004273

[253]

[254]

[255]

[256]

the target radio access node 104 so that the target radio access node 104 has up-to-date
state information relating to the UE 102.

In some embodiments, the one or more predetermined triggers include determining
that the current value has not been reported to the radio access network 101. In such
embodiments, the UE 102 may determine that the target radio access node 104 has not
received the current value, since the current value has not been reported. In response to
detecting such a trigger, the UE 102 reports the current value to the target radio access
node 104 so that the target radio access node 104 has up-to-date state information
relating to the UE 102

In some embodiments, the one or more predetermined triggers include determining
that the current value may have been reported to the source radio access node 103 too
late for the source radio access node 103 to have transmitted it to the target radio
access node 104. It is possible that the value associated with the given state in-
formation part and/or other state information relating to the UE 102 changes after the
source radio access node 103 has provided the latest state information it has relating to
the UE 102 to the target radio access node 104. This situation is generally referred to
herein as a “late change”. In such a situation, the UE 102 may be configured to report
the updated state information immediately following a cell change. Thus, in some em-
bodiments, in the event that the state information has changed after the source radio
access node 103 provided the state information relating to the target radio access node
104 (a late change), the UE 102 provides (again) the updated state information to the
target radio access node 104, possibly immediately, following a handover or other
change in connection.

However, the UE 102 may not know when exactly the source radio access node 103
provided the latest state information it had relating to the UE 102 to the target radio
access node 104. Accordingly, various mechanisms are provided by means of which
the UE 102 can detect whether a late change occurred. Two such mechanisms are
discussed below: a timer-based scheme and a scheme in which version information is
exchanged between the UE 102 and the radio access network 101. Other suitable
mechanisms may, however, be used.

For UEs 102 in connected mode, the radio access network 101 typically initiates a
cell change in response to a measurement report from the UE 102 indicating that the
current serving cell is not optimal from a radio perspective. It is, however, also
possible for the radio access network 101 to initiate a cell change for other reasons, for
example the cell load. In such cases, handover may not be preceded by a measurement
report. This is often referred to as a 'blind handover'. In such cases, the UE 102 cannot
use the measurement report message as a rough indication of the time at which the

source radio access node 103 is likely to have initiated handover preparation and have
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provided the latest state information it had relating to the UE 102 to the target radio
access node 104. As such, the UE 102 may employ a timer to detect the occurrence of
a late change.

In some embodiments, the one or more predetermined triggers include determining
that the current value was reported to the source radio access node 103 within at least
one predetermined time period prior to receiving a message relating to the change in
connection. In some embodiments, the one or more predetermined triggers include de-
termining that the current value was reported to the source radio access node 103
within at least one predetermined time period prior to detecting a failure in a
connection to the source radio access node. Thus, in some embodiments, in the event
that the state information has changed within a certain time period before the UE 102
receives the handover command or detects a failure with respect to the source radio
access node 103, the UE 102 provides the updated state information to the target radio
access node 104, possibly immediately, following handover or re-establishment as the
case may be.

In some embodiments, the at least one predetermined time period includes a time
period specified in a telecommunications standard, for example in one or more releases
of 3GPP specification number TS 36.300. In some embodiments, the at least one pre-
determined time period includes a time period configured by the radio access network
101. Thus, in some embodiments, the time period during which a change in state in-
formation would trigger the UE 102 to provide an update may either by fixed (for
example a value specified in the standard) or may be configured by the radio access
network 101.

In some embodiments, the at least one predetermined time period includes a time
period associated with a handover message. In some embodiments, the at least one pre-
determined time period includes a time period associated with a connection re-
establishment procedure. Thus, in some embodiments, for handover and re-
establishment, different time periods, during which a change in state information
would trigger the UE 102 to provide an update, may be used.

In some embodiments, the one or more predetermined triggers include receiving,
from the target radio access node 104, a message comprising at least one prede-
termined indicator from which it can be determined whether or not the target radio
access node 104 has received the current value from the source radio access node 103.
In such embodiments, the UE 102 can use the at least one predetermined indicator to
determine whether or not the target radio access node 104 has received the current
value from the source radio access node 103.

Another mechanism for the detection of late changes of UE state information upon

handover or other changes in connection is for the UE 102 to provide a version
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identifier when reporting the state information. Thus, in some embodiments, the at
least one predetermined indicator comprises a version identifier indicating a version of
at least the given state information part.

In some such embodiments, the one or more predetermined triggers include de-
termining that the version identifier received from the target radio access node 104
does not correspond with a current version of the given state information part. Thus, in
some embodiments, the UE 102 may use the version identifier received in the message
from the target radio access node 104 to determine whether the target radio access
node 104 has out-dated state information relating to the UE 102. If the version
identifier received in the message does not correspond to the current version of the
state information, the UE 102 provides the updated state information following the
change in connection.

Some embodiments comprise including a version identifier indicating a version of
the given state information part when reporting the value associated with the given
state information part to the radio access network 101. Some embodiments comprise
including a version identifier indicating a version of the given state information part
when reporting a change in the value associated with the given state information part to
the radio access network 101. Some such embodiments comprise advancing the
version identifier indicating the version of the given state information part upon
transmitting the change in the value associated with the given state information part to
the radio access network 101. Some such embodiments comprise advancing the
version identifier indicating the version of the given state information part upon
reporting the change in the value associated with the given state information part to the
radio access network 101.

Thus, in some embodiments, whenever the UE 102 provides state information, it
includes a version identifier. In some cases, the UE 102 steps the version identifier
whenever it transfers state information that is different from state information that was
previously transmitted to the radio access network 101. The UE 102 may consider the
state information to have been transferred successfully if one or more appropriate ac-
knowledgements is received at lower layers. In certain cases, the UE 102 steps the
version identifier whenever it transmits state information that is different from state in-
formation that was previously transmitted, regardless of whether the transmitted state
information was known to be received successfully by the radio access network 101,
since an acknowledgement might not be received even though the radio access network
101 had successfully received the state information.

For state information parts whose associated values changes frequently, late changes
are not unlikely. A separate version identifier may be applied to such state information

parts. In other cases in which late changes are unlikely, it may be sufficient to use one,
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common version identifier to cover some or all state information parts collectively.
Thus, in some embodiments, the version identifier is a common version identifier that
indicates a version of both the given state information part and at least one additional
state information part. Thus, in some embodiments, a single version identifier (referred
to herein as a “common version identifier””) may be used to cover a plurality of
separate state information parts.

Some such embodiments comprise including the common version identifier when
reporting the value associated with the given state information part and/or the at least
one additional state information part to the radio access network 101. Some such em-
bodiments comprise including the common version identifier when reporting a change
in the value associated with the given state information part and/or the at least one ad-
ditional state information part to the radio access network 101. Some such em-
bodiments comprise advancing the common version identifier upon transmitting the
change in the value associated with the given state information part and/or the at least
one additional state information part to the radio access network 101. Thus, in some
embodiments, when using a common version identifier, the UE 102 steps the version
identifier whenever it transfers a state information part that has a value that is different
from the value associated with the state information part that was previously
transmitted.

In some such embodiments, the one or more predetermined triggers include: de-
termining that the common version identifier received from the target radio access
node 104 does not correspond with a current common version of the given state in-
formation part and the at least one additional state information part; and determining
that the value currently associated with the given state information part is different
from the value associated with a version of the given state information part as indicated
by the received common version identifier. Thus, in some embodiments, in the event
that the common version identifier received in the message from the target radio access
node 104 does not correspond with the version of the state information that the UE 102
has, the UE 102 provides updated state information including at least the values of the
state information parts that changed compared to those in relation to the version
identifier received in the message from the target radio access node 104.

In some embodiments, the message received from the target radio access node 104
relates to handover. In other embodiments, the message received from the target radio
access node 104 relates to a connection re-establishment procedure. In some em-
bodiments, the message received from the target radio access node relates to neither a
handover command nor a connection re-establishment procedure. For example, the
message may be a dedicated message from the target radio access node or may relate

to one or more procedures other than handover or re-establishment.



29

WO 2013/172638 PCT/KR2013/004273

[269]

[270]

[271]

[272]

In some embodiments described above, a version identifier is used to determine
whether the last (successful) state information report in which the value associated
with the given status element was reported was potentially too late for the source radio
access node 103 to have transmitted it to the target radio access node 104. However,
the network need not provide an indication that it received a previous value associated
with the given state information part from another radio access node, such as the
source radio access node 103. This as this can be indicated implicitly, for example by
the absence of the version identifier or by the inclusion of a specific version identifier
value. For example upon a change from a cell in which the UE 102 is not configured to
report on the given state information part to a cell in which the UE 102 is configured to
report on the given state information part, the UE 102 may (again) provide the updated
value associated with the given state information part in the event that the target radio
access node 104 indicates in a message that it transmits to the UE 102 that it does not
have the updated value associated with the given state information part by not
providing any version identifier, by means of a special or predefined version identifier
value or by means of a separate indication, for example by using a separate indication
for each state information part in the event that a common version identifier is used.

Thus, in some embodiments, the given state information part is associable with a
version identifier that indicates a version of the given state information part and the at
least one predetermined indicator includes a predetermined version identifier. In some
embodiments, the given state information part is associable with a version identifier
that indicates a version of the given state information part and the at least one prede-
termined indicator includes the absence of a version identifier associated with the
given state information part.

In some embodiments, the one or more predetermined triggers include determining
that the source radio access node 103, and/or one or more radio access nodes to which
the UE 102 was previously connected since the value currently associated with the
given state information part was reported to the radio access network 101, does not
support forwarding of state information relating to the UE 102.

The indication that the target radio access node 104 does not have current state in-
formation may be provided in at least two different ways. One way in which the target
radio access node 104 may indicate that it does not have the current state information
is by indicating that it does not have any value associated with a particular state in-
formation part, for example using dedicated signalling. Another way in which it may
be indicated that the target radio access node 104 does not have the current state in-
formation is for the radio access network 101 to indicate whether each cell or as-
sociated radio access node supports transparent transfer of state information relating to

the user, for example by using broadcast signalling. In the latter case, the UE 102
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assumes that target radio access node 104 does not have a current value associated with
the given state information part if the UE 102 was connected to one or more cells that
did not support transparent transfer of state information since it last provided an
updated value associated with the given state information part to the radio access
network 101.

Thus, the target radio access node 104 may indicate whether or not it has a value as-
sociated with the given state information part. The radio access network 101 may also,
or alternatively, indicate for each cell whether or not the cell supports transparent
transfer of state information relating to the UE 102. This may either be provided by
using broadcast signalling, such as system information, or by using dedicated
signalling as explained above. In the event of using dedicated signalling, the UE 102
assumes that the target radio access node 104 does not have a value associated with the
given state information part if the UE 102 was connected to one or more cells that did
not support transparent transfer of status info since it last provided a state information
report for the one or more features associated with the given state information part.

Some embodiments comprise transmitting the value currently associated with the
given state information part to the target radio access node 104 in response to said
detecting at least one predetermined trigger only if the given state information part is
associated with one or more features for which state information reporting is
configured in the second cell 106.

One consideration is what state information the UE 102 should include when
repeating the state information reporting due to a late change. Different radio access
nodes may configure state information reporting for different features, for example
because the radio access nodes are provided by different vendors and do not support
the same set of features. For example, in the first cell 105, the UE 102 may be
configured to perform state information reporting for features A and B, while in the
second cell 106 the UE 102 may be configured to perform state information reporting
for features B and C. In embodiments described above, unnecessary repeating of state
information reporting may be reduced for the features that are shared between the first
cell 105 and the second cell 106, in this case feature B. Additionally, the UE 102 may
provide a state information report for the features that are newly configured by the
second cell 106; those that are not shared with first cell 105 ? in this case feature C.
Furthermore, the UE 102 need not repeat state information reporting due to a late
change in relation to a feature, such as feature A in the example above, that is not
configured in the second cell 106. Thus, in some embodiments, the UE 102 may be
configured to repeat updated state information following a handover or another change
in connection only if the late change concerned one or more features that are

configured in the second cell 106 (irrespective of whether or not they are also
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configured in the first cell 105).

In some embodiments, the one or more predetermined triggers include determining
that the given state information part is associated with one or more features for which
state information reporting is configured in the second cell 106 and for which state in-
formation reporting is not configured in the first cell 105. As such, whenever the UE
102 moves from a cell associated with a radio access node that does support state in-
formation reporting for a particular feature to a node supporting reporting of the
particular feature, the UE 102 reports the current value associated with the given state
information part. Thus, in some embodiments, following a change in connected mode
from a first cell 105 in which the UE 102 is not configured to report (changes to) a
particular state information part to a second cell 106 in which the UE 102 is configured
to report (changes to) the particular state information part, the UE 102 initiates a state
information report regardless of whether or not the value associated with the particular
state information part has changed compared to what was included in a previously sent
state information report identifying a previous value associated with the particular state
information part.

In some embodiments, the given state information part is associated with one or more
features for which state information reporting is configured in the second cell 106 and
for which state information reporting is not configured in the first cell 105.

In other embodiments, the given state information part is associated with one or more
features for which state information reporting is configured in both the first cell 105
and the second cell 106. Such embodiments reduce unnecessary state information
reporting by the UE 102 following a cell change, for example handover or re-
establishment, in connected mode between cells in which the UE 102 is configured to
report changes or updated associated with the given state information in both cells.

State information reporting by the UE 102 may include several procedural aspects, at
least some of which may be handled in a common manner, while other aspects may
need to be handled separately in relation to some of the state information parts.

Some embodiments comprise transmitting an additional current value associated with
a further given state information part to the target radio access node in response to
detecting at least one of one or more predetermined triggers that indicate that the target
radio access node may not have received the additional current value from the source
radio access node and relying on the target radio access node having received the ad-
ditional current value from the source radio access node if said at least one of said one
or more predetermined triggers is not detected. In some embodiments, at least the
current value and the additional current value are included in a single message to the
target radio access node. Thus, in some cases, a common message or procedure is in-

troduced for the common reporting of several different state information parts.
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Common procedural aspects are specified at the level of this common message. Nev-
ertheless, it may still be desirable to have a procedural specification for the state in-
formation parts included in the common message. This may be achieved by treating the
different state information parts as if they were separate messages, so that the common
message would be considered as a list of individual messages.

Figure 2 shows a method of processing state information relating to user equipment
according to some embodiments.

At least some embodiments described above may result in modifications to
procedures and information specified in 3GPP TS 36.331, “Evolved Universal Ter-
restrial Radio Access (E-UTRA); Radio Resource Control (RRC); Protocol speci-
fication”. Some modifications may include:

- using a common message (UEStateIndication) to report at least the current value as-
sociated with the given state information part, for example following detection of late
changes during handover;

- extending the AS-Context field within the HandoverPreparation message to include
at least the current value, possibly as well as a version identifier; and

- extending the RRCConnectionReconfiguration message, which is used to convey a
handover command, to include the version identifier.

In some embodiments, the otherconfig field, within an RRCConnectionRecon-
figuration message may be used to indicate timing information. In some embodiments,
a UEStateInformation message may serve as a common state information message that
includes an indication of (one or more) current version(s) of the state information. The
UEStateInformation message may include both one of more state information values,
for example indicating MBMS interest, as well as one or more version identifiers. In
some embodiments, a new field may be provided within the RRCConnectionRecon-
figuration message to indicate the version(s) of state information that is available in the
E-UTRAN upon handover. In some embodiments, the MeasurementReport message
that the UE sends to the E-UTRAN may also be modified.

Figure 3 shows a method of processing state information relating to user equipment
in a communications system according to some embodiments. In these embodiments, a
single, common version identifier is used to cover all of the state information parts
making up the state information.

In this example, the state information relating to the user equipment comprises three
different state information parts, denoted A, B and C and associated with features A, B
and C respectively.

Three cells are depicted in which state information reporting is configured for
different features. State information reporting for features A and B is configured in a

first cell. State information reporting is not configured at all in a second cell. However,
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the second cell supports transparent forwarding of state information; in other words,
although the second radio access node that controls the second cell does not
comprehend state information that it receives from the first radio access node that
controls the first cell, it forwards the state information to the third radio access node
that controls the third cell. State information reporting for features B and C is
configured in a third cell.

The UE 102 establishes an initial connection to the first radio access node, where it
performs state information reporting for features A and B and includes a version
identifier Vn=1 when reporting. At time T1, while the UE 102 is still in the first cell,
the value of the state information part associated with feature A changes. The UE 102
transmits the updated value of the state information part associated with feature A to
the first radio access node and steps the version identifier to Vn=2.

The UE 102 then moves, in connected mode, to the second cell. The first radio access
node transmits the latest state information it has relating to the UE 102 to the second
radio access node even though the second radio access node does not comprehend the
state information.

At time T2, while the UE 102 is in the second cell, the value of the state information
part associated with feature B changes. Since the reporting of changes associated with
feature B is not configured in the second cell, the UE 102 does not report the changed
value to the second radio access node and does not step the version identifier as-
sociated with the state information.

The UE 102 then moves, in connected mode, from the second cell to the third cell.
The second radio access node transmits the latest state information it has relating to the
UE 102 ? which is the state information it received from the first radio access node ? to
the third radio access node. In this case, the second radio access node transparently
transfers the state information to the third radio access node.

The UE receives a message from the third radio access node which includes the
version identifier Vn=2. This corresponds to the version of the state information that
was transparently forwarded by the second radio access node.

The UE 102 determines that the third cell supports reporting of features B and C. The
UE 102 does not transmit the current value associated with feature A (which was
changed at time T1) to the third radio access node since reporting of feature A is not
configured in the third cell. The UE 102 determines that it has not transmitted the
updated value associated with feature B (which was changed at time T2) to the radio
access network. The UE 102 also determines that it has not transmitted the (current)
value associated with feature C to the radio access network, since reporting of feature
C was not configured in either the first or second cell. As such the UE 102 transmits, in

a common message, the current value associated with feature B (which was updated at



34

WO 2013/172638 PCT/KR2013/004273

[296]

[297]

[298]

[299]

[300]

[301]

[302]

time T2) and the current value associated with feature C at time T3 while the UE 102
is connected to the third cell and updates the version identifier associated with the state
information to Vn=3.

Figure 4 shows a method of processing state information relating to UE 102 in a
communications system according to some embodiments. In these embodiments, a
single, common version identifier is used to cover all of the state information parts
making up the state information.

The method shown in Figure 4 is similar to that shown in Figure 3. However, in this
example, reporting of feature A, in addition to features B and C, is configured in the
third cell.

In particular, the UE 102 establishes an initial connection to the first radio access
node, where it performs state information reporting for features A and B and includes a
version identifier Vn=1 when reporting. At time T1, while the UE 102 is still in the
first cell, the value of the state information part associated with feature A changes. The
UE 102 transmits the updated value of the state information part associated with
feature A to the first radio access node and steps the version identifier to Vn=2.
However, in this example, the UE 102 reports the changed value associated with
feature A just prior to the UE 102 moving, in connected mode, to the second cell.

The first radio access node transmits the latest state information it has relating to the
UE 102 to the second radio access node even though the second radio access node does
not comprehend the state information. In this example, the first radio access node did
not receive the updated state information from the UE 102 in time for it to be
transmitted to the second radio access node. As such, the state information transmitted
by the first radio access node to the second radio access node is the initially reported
state information associated with the version identifier Vn=1.

At time T2, while the UE 102 is in the second cell, the value of the state information
part associated with feature B changes. Since the reporting of changes associated with
feature B is not configured in the second cell, the UE 102 does not report the changed
value to the second radio access node and does not step the version identifier as-
sociated with the state information.

The UE 102 then moves, in connected mode, from the second cell to the third cell.
The second radio access node transmits the latest state information it has relating to the
UE 102 - which is the state information it received from the first radio access node - to
the third radio access node. In this case, the second radio access node transparently
transfers the state information to the third radio access node. In this example, the trans-
parently transferred state information include the version identifier Vn=1.

The UE 102 receives a message from the third radio access node which includes the

version identifier Vn=1. This corresponds to the version of the state information that
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was transparently forwarded by the second radio access node.

The UE 102 determines that the third cell supports reporting of features A, B and C.
The UE 102 determines that the third radio access node does not have the current value
associated with feature A since the version identifier it received from the third radio
access node (Vn=1) does not correspond with the current version of the state in-
formation (Vn=2). The UE 102 determines that the value associated with feature A
changed between the first and second version and determines that the current value as-
sociated with feature A is to be transmitted to the third radio access node. The UE 102
determines that it has not transmitted the updated value associated with feature B
(which was changed at time T2) to the radio access network. The UE 102 also de-
termines that it has not transmitted the (current) value associated with feature C to the
radio access network, since reporting of feature C was not configured in either the first
or second cell. As such the UE 102 transmits, in a common message, the current value
associated with feature A (which was updated at time T1), feature B (which was
updated at time T2) and the current value associated with feature C at time T3 while
the UE 102 is connected to the third cell and updates the version identifier associated
with the state information to Vn=3.

Figure 5 shows a method of processing state information relating to user equipment
in a communications system according to some embodiments. In these embodiments, a
single, common version identifier is used to cover all of the state information parts
making up the state information.

In this example, the state information relating to the user equipment comprises three
different state information parts, denoted A, B and C and associated with features A, B
and C respectively.

Four cells are depicted in which state information reporting is configured for
different features. State information reporting for features A and B is configured in a
first cell. State information reporting is not configured at all in a second cell. In this
example, the second cell does not support transparent forwarding of state information.
State information reporting for features B and C is configured in a third cell. State in-
formation reporting for features A and B is configured in a fourth cell.

The UE 102 establishes an initial connection to a first radio access node that controls
the first cell, where it performs state information reporting for features A and B and
includes a version identifier Vn=1 when reporting. At time T1, while the UE 102 is
still in the first cell, the value of the state information part associated with feature A
changes. The UE 102 transmits the updated value of the state information part as-
sociated with feature A to the first radio access node and steps the version identifier to
Vn=2.

The UE 102 then moves to the second cell. However, since the second radio access
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node that controls the second cell does not support transparent forwarding of state in-
formation, the second radio access node does not receive state information from the
first radio access node.

At time T2, while the UE 102 is in the second cell, the value of the state information
part associated with feature B changes. Since the reporting of changes associated with
feature B is not configured in the second cell, the UE 102 does not report the changed
value to the second radio access node and does not step the version identifier as-
sociated with the state information.

The UE 102 then moves the second cell to the third cell. Since the second radio
access node does not support transparent forwarding of state information, the third
radio access node does not receive the state information from the second radio access
node.

The UE 102 receives a message from the third radio access node which includes a
predetermined indicator from which the UE 102 can determine that the third radio
access node does not have current state information. For example, the third radio
access node may include no version identifier or a special parameter in a message to
the UE 102.

The UE 102 determines that the third cell supports reporting of features B and C. The
UE 102 does not transmit the current value associated with feature A (which was
changed at time T1) to the third radio access node since reporting of feature A is not
configured in the third cell. The UE 102 determines that it has not transmitted the
updated value associated with feature B (which was changed at time T2) to the radio
access network. The UE 102 also determines that it has not transmitted the (current)
value associated with feature C to the radio access network. As such the UE 102
transmits, in a common message, the current value associated with feature B (which
was updated at time T2) and the current value associated with feature C at time T3
while the UE 102 is connected to the third cell and updates the version identifier as-
sociated with the state information to Vn=3.

At time T4, while the UE 102 is in the third cell, the value of the state information
part associated with feature B changes. Since the reporting of changes associated with
feature B is configured in the third cell, the UE 102 reports the changed value to the
third radio access node and step the version identifier associated with the state in-
formation to Vn=4.

The UE 102 then moves, in connected mode, from the third cell to the fourth cell.
The third radio access node transmits the latest state information it has relating to the
UE 102 to the fourth radio access node and includes the version identifier Vn=4.

The UE receives a message from the fourth radio access node which includes the

version identifier Vn=4.
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The UE 102 determines that the fourth cell supports reporting of features A and B.
However, the UE 102 remembers determining that the second cell did not support
transparent transfer of state information and that the fourth radio access node will not
have the current value associated with feature A since reporting of feature A was not
configured in the third cell. As such, the UE 102 determines that it will need to
transmit the current value associated with feature A to the fourth radio access node.
The UE 104 compares the version identifier it received from the fourth radio access
node, Vn=4, to the current version identifier, Vn=4, and determines that the fourth
radio access node has the current value associated with feature B. As such, the UE 104
determines that it need not transmit the current value associated with feature B to the
fourth radio access node. Accordingly, at T5 the UE 102 transmits the current value as-
sociated with feature A to the fourth radio access node and updates the version
identifier associated with the state information to Vn=5.

In some embodiments described above, the target radio access node 104 controlling
the second cell 106 does not have up to date state information as a result of a change in
connection from the source radio access node 103 to the target radio access node 104.
However, at least some of the procedures described above, in particular relating to de-
termining when the UE 102 should provide a new state information report, may also
apply when the UE 102 moves from one cell to another cell, even if both cells are
controlled by the same radio access node. In such cases, the UE may be configured to
determine whether there is a need to provide a new state information report.

Figure 6 is a block schematic representation of a communications system 600
according to some embodiments. The communications system 600 depicted in Figure 6
includes some elements that are the same as, or are similar to, elements shown in
Figure 1. Such elements are given the same reference numerals as used above in
relation to Figure 1 but are incremented by five hundred.

The communication system 600 depicted in Figure 6 includes a radio access network
601, which includes a radio access node 604. The radio access node 604 controls first
and second cells 605, 606. UE 602 can communicate with the radio access node 604
via a radio interface 611.

Some embodiments provide a method of processing state information relating to user
equipment in a communications system 600 comprising a radio access network 601.
The communications system 600 comprises a first cell 605 and a second cell 606. In
some embodiments, the first cell 605 and the second cell 606 are controlled by the
same radio access node 604. The method comprises maintaining current state in-
formation relating to the user equipment 602. The state information comprises at least
one state information part associated with one or more features for which state in-

formation reporting may be configured in the first cell 605 and/or the second cell 606.
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The at least one state information part is associable with a plurality of different values.
The UE 602 is configured to detect a connection change to the second cell. The UE is
configured to transmit a current value associated with a given state information part to
a radio access node 604 associated with the second cell 606 in response to detecting at
least one of one or more predetermined triggers that indicate that the radio access node
604 associated with the second cell 606 may not have the current value. The UE 602 is
configured to rely on the radio access node 604 associated with the second cell 606
having the current value if said at least one of said one or more predetermined triggers
is not detected.

Some embodiments provide a method of processing state information relating to user
equipment in a communications system 600 comprising a radio access network 601.
The communications system 600 comprises at least one cell 605, 606 that is controlled
by the radio access node 604. The method comprises maintaining current state in-
formation relating to the user equipment 602. The state information comprises at least
one state information part associated with one or more features for which state in-
formation reporting may be configured in the at least one cell 605, 606. The at least
one state information part is associable with a plurality of different values. The UE 602
is configured to detect a connection change in relation to the at least one cell 605, 606.
The UE is configured to transmit a current value associated with a given state in-
formation part to a radio access node 604 associated with the at least one cell 605, 606
in response to detecting at least one of one or more predetermined triggers that indicate
that the radio access node 604 associated with the at least one cell 605, 606 may not
have the current value. The UE 602 is configured to rely on the radio access node 604
associated with the second cell 606 having the current value if said at least one of said
one or more predetermined triggers is not detected. In such embodiments, the UE 602
may perform such processing even where there is no change of cell, for example in the
case of re-establishing a connection to the radio access node 604 following detecting of
a failure therewith.

At least some embodiments described above reduce the need for the UE 102, 602 to
repeat state information reporting after every cell change in connected mode, for
example as part of a handover or connection re-establishment procedure. In some em-
bodiments, a source RAN node, such as a source eNb, forwards UE state information
to a target RAN node, such as a target eNb. In some embodiments, following a cell
change in connected mode from a cell in which the reporting of UE state information is
not configured to a cell in which the reporting of UE state information is configured,
the UE 102, 106 always provides updated state information. In some embodiments,
following a cell change in connected mode between cells in which the reporting of UE

state information is configured, the UE 102 provides updated state information if: at
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least part of the state information changed shortly before the cell change and/or if a
'version' received from the target radio access node 104 indicates that the target radio
access node 104 does not have up-to-date UE state information. In some such em-
bodiments, a version can be exchanged on the basis of individual state information
parts or a common version can be used to cover a plurality of state information parts.
In some embodiments, a common message or procedure may be used to specify the
elements (information as well as procedural aspects) that are common for all state in-
formation parts only once. At least some embodiments provide mechanisms to limit
repeated state information reporting by the UE 102, 602 after every cell change in
connected mode. Some embodiments seek to minimise the repetition, by transferring
state information from a source node to a target node, complemented with the UE 102,
602 providing one or more state information reports in the event that the state in-
formation may have changed after the source node transferred the state information to
the target node.

The above described embodiments of the invention relate to a general approach for
transferring UE state information to a target node, and specifically relate to minimising
repetitive transmission of state information from the UE by transferring state in-
formation from a source node, where possible. UE state information is retransmitted in
the event that a predetermined trigger is received (each predetermined trigger
providing an indication that the state information may not have been received by the
target node). There will now be described further specific embodiments of the
invention in which the general approach is applied to a specific situation in which ad-
vantageously the amount of state information from a UE to a target node is to be
minimised.

In accordance with certain embodiments of the invention the general approach above
can be applied to signalling concerning UE indications of In Device Co-existence
(IDC) interference. An IDC indication including IDC state information is generated
when it is identified that a particular frequency or group of frequencies that might
otherwise be used for communicating with a RAN is unavailable due to interference at
the UE by co-located wireless transmission equipment. Additionally, an IDC indication
may also be generated in the event that RAN / LTE transmission introduces in-
terference problems for the co-located wireless transmission equipment, or other tech-
nologies implemented within or connection with the UE. Additionally, as well as being
generated at the start of interference, an IDC indication may also be generated at the
end of interference, or in the case of temporal periodically occurring problems. As
used herein, “IDC indication” refers to a transmitted message sent to the network
reporting IDC interference. An IDC indication may alternatively be referred to as an

IDC signal, IDC indication signal, IDC message or an IDC indication message. The
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IDC state information comprises at least part of the information content of an IDC in-
dication. IDC state information may comprise an indication that an IDC interference
problem is occurring. IDC state information may comprise a flag indicating an IDC
problem for a specified frequency. The specific characteristic of state information as
used in the present specification, including IDC state information, is that the UE
notifies E-UTRAN about the change of state information. Whether a frequency has
IDC problems is state information. Additional information may also be generated, as
will be discussed in greater detail below. Additional information may be transmitted
within an IDC indication, or separately. The additional information may include
identifying alternative cells, including a best cell for a non-interfered handover
candidate frequency and a current measurement result for such a cell. The additional
information is non-state information.

Certain embodiments of the invention relating to IDC signalling are particularly ap-
plicable to the forthcoming release 11 (REL-11, and anticipated future releases) of the
Evolved Universal Terrestrial Radio Access (E-UTRA) and the Evolved Universal
Terrestrial Radio Access Network (E-UTRAN) protocol, referred to hereinafter as the
REL-11 standards or REL-11 of 3GPP TS 36.331. Specifically, embodiments of the
invention affect the procedures and information specified in 3GPP TS 36.331, Evolved
Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC);
Protocol specification. However, it will be appreciated that embodiments of the present
invention are not limited to this particular application, and may be applicable to other
systems, and in particular other radio access networks where there is a similar need to
provide and disseminate IDC state information.

In common with the general approach to the provision of state information to a target
node described above, embodiments of the invention relating to IDC interference
signalling to be described below may optionally implement one or more of a group of
mechanisms for avoiding the need for the UE to repeat IDC state information reporting
after every cell change in connected mode (that is, as a result of handover or
connection re-establishment). Where the following description refers to handover, it
should be considered that where appropriate this is also applicable to connection re-
establishment.

Implementation details of IDC interference signalling within REL-11 standards are
still to be finalised. In particular, implementation details of signalling aspects related to
an indication of in-device coexistence problems provided by the UE to the E-UTRAN,
including the dissemination of IDC state information, are still to be finalised. It is an-
ticipated that the REL-11 standards may establish guidance that the UE should send an
IDC indication to the network to report an IDC problem detected at the UE. The REL-

11 standards may stipulate that existing LTE measurements and / or UE internal coor-
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dination should be used as a baseline to trigger an IDC indication. How an indication is
triggered may be left open any so may vary between different UE implementations.
The REL-11 standards are expected to specify that the UE is allowed to provide in-
dications for specific frequencies only.

The REL-11 standards are expected to leave it to network implementation how to act
upon receiving an IDC indication signal provided by the UE. In some cases it may be
appropriate to apply a Frequency Division Multiplexing (FDM) solution. An FDM
solution may be to initiate handover to a new cell operating a new frequency. An al-
ternative FDM solution may be to not schedule certain frequency resources to the UE.
In other cases the transmissions of the interfering systems may be accommodated
through a Time Division Multiplexing (TDM) solution. Embodiments of the present
invention focus on the LTE specifications , and thus focus on limiting LTE trans-
missions. In accordance with certain embodiments of the present invention, the UE
may provide additional information, within the IDC indication, or separately, to assist
the network when responding to the IDC indication. Such information can be
considered to be non-state information. The details regarding possible FDM or TDM
solutions to IDC interference implemented by a network fall outside the scope of the
present invention, which relates specifically to the provision of IDC interference in-
dications, including IDC state information to a network node, and so will not be
described further. IDC indication signal may be conveyed in a new UL-DCCH
Message (i.e. RRC signalling). Alternatively, or in addition, a general message may be
used to host also other sate information, for instance MBMSInterestIndication). The
IDC indication signal can also be reused to send updated assistant information,
including the case that there is no longer an IDC problem.

As described above in the general approach relating to transmission of state in-
formation between a source RAN and a target RAN, in accordance with embodiments
of the present invention in the event of inter-eNB handover, IDC state information is
transferred from the source to the target eNB. This reduces repetitive transmission of
state information from a UE. In accordance with a further embodiment of the
invention, transmission of repetitive state information comprising IDC interference
assistant information may be reduced by implementing a prohibition mechanism
specifying a minimum interval between successive IDC indications form a UE.

Referring now to Figure 7 there is illustrated the basic message sequence for the case
in which the eNB employs a TDM solution that is expected to form part of the REL-11
standards. At step 1 the network transmits an IDC configuration message to a UE. Note
it is still to be confirmed whether the network configures the UE to provide IDC in-
dications, and also for which frequencies the UE may trigger such an indication. In

response to detecting IDC interference the UE is arranged to transmit an IDC in-
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dication message to the network at step 2. The IDC indication is provided by a new
message, which may additionally be used for other indications. The UE includes as-
sistance information that may cover both FDM and TDM solutions, the details of
which are still to be confirmed. Upon sending the IDC indication, the UE starts a pro-
hibition timer. The prohibition timer implements a prohibit mechanism used to restrict
the interval at which the UE may send IDC indications. At step 3 (the unlabelled
arrow), in the event that the IDC indication conveyed in the previously signalled IDC
indication changes, the UE is arranged to provide an update. In case the change occurs
while the prohibit timer is still running, the UE delays sending the IDC indication until
the timer expires. At step 4, in response to the IDC indication message of step 2 (or the
revised IDC indication message of step 3), and depending upon the contents of the IDC
indication message, the eNB may perform a network reconfiguration to seek to address
the IDC interference. The network reconfiguration may be to modify the DRX con-
figuration in a TDM solution. At step 5 the UE is arranged to send a reconfiguration
complete message to the eNB.

Referring now to Figure 8 there is illustrated the basic message sequence for the case
the eNB employs an FDM solution. Steps 1 to 3 are the same as described above in
connection with Figure 7, though it will be appreciated that the message configuration
might be slightly different for FDM and TDM solutions. The configuration in step 1
may be different, and / or the contents of the IDC indication in step 2 may be different.
For example the precise assistant IDC state information to be provided by the UE in
the IDC indication message may vary. At step 4, and depending upon the contents of
the IDC indication, the eNB may perform a handover to move the UE to another
frequency in an FDM solution. The source eNB initiates the handover by sending a
handover preparation to the target eNB which contains IDC information reported by
the UE at step 4. Handover is signalled by means of a reconfiguration message
including a specific field (the mobilityControlInformation)At step 5 the target eNB
compiles the handover message to be sent to the UE, taking into account the IDC in-
formation received. For instance the target eNB may not configure SCells on fre-
quencies reported as problematic in the IDC information. Either as part of the handover
or subsequently, the target eNB may modify the IDC configuration by sending a new
IDC configuration message to the UE as described above at step 1. At step 6 upon suc-
cessfully completing the handover, the UE sends a complete message to the target
eNB.

As will be appreciated from the above discussion of proposals for implementing IDC
interference indication signalling in the REL-11 standards there are a number of areas
of IDC signalling that have not been addressed in current proposals. Certain em-

bodiments of the present invention address one or more of the following areas:
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1. Determining which frequencies the UE should report an IDC interference problem,
including whether this is configured by the eNB.

2. The circumstances in which the UE should re-transmit an IDC indication,
including IDC state information, even though the contents of the IDC indication have
not changed. In particular, whether retransmission is necessary upon the UE
connecting to a new cell, or if the IDC configuration within a cell changes. It is
currently undefined the circumstances in which the UE should assume that an E-
UTRAN has lost IDC information the UE previously signalled to the network

3. Measurement information. In the REL-11 standards proposals it is currently
unclear what additional information, beyond the IDC state information, the UE may
provide to assist the network to handle the IDC interference. For instance, in ac-
cordance with certain embodiments of the invention in case of handover to another
frequency (FDM) it may be beneficial for the UE to provide additional information in
the form of measurement information. The details of what additional information the
UE should provide, as well as the signalling details including the associated con-
figuration options, are undefined.

Referring firstly to the first area (determining for which frequencies the UE should
report IDC interference problems, including whether this is configured by the eNB) it
desirable to avoid introducing new signalling in the E-UTRAN standard. Con-
sequently, certain embodiments of the present invention re-use existing E-UTRAN
signalling. For instance in certain embodiments an RRC_Connected signal may be re-
used (conventionally used by an E-UTRAN to control the measurement reporting of a
UE). Alternatively, an RRC_IDLE message may be re-used (conventionally used by an
E-UTRAN to control cell re-selection by a UE). In the event of a reconfiguration event
an RRM measurement configuration message may be used to configure the frequencies
for which IDC indications are required.

In accordance with an embodiment of the present invention a measurement con-
figuration message is re-used to control the frequencies for which the UE should report
IDC problems. A measurement configuration consists of a number of measurement
objects and reporting configurations as well as measurement identities, which are used
to link the two. The measurement objects and reporting configurations are configured
within the UE for purposes other than for monitoring IDC interference. An IDC con-
figuration message may be sent indicating which measurement objects are to be used
to determine frequencies for the UE to monitor for IDC interference. Each mea-
surement identity refers to a measurement that the UE performs. There may be mea-
surement objects that are not linked by a measurement identity to a reporting con-
figuration, in which case the UE does not perform measurements on the concerned

frequency. There may be only one measurement object per frequency. There may be
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multiple measurement objects for the same frequency, linked by multiple measurement
identities to different reporting configurations (for instance different conditions for
triggering a measurement report). A measurement object within the UE may indicate
one or more carrier frequency that the UE is arranged to provide measurements, for
instance of received signal strength for a particular frequency, (and may also provide a
list of cells for which specific parameters apply, for instance the availability of that
frequency). The reporting configuration within the UE provides configuration pa-
rameters related to the triggering of measurement reports.

Conventionally, the UE only performs measurements on frequencies for which the
associated measurement object is linked to a reporting configuration. Measurement
objects that are not linked to a reporting configuration may be referred to as "hanging'
measurement objects. Conventionally, such hanging measurement objects are not
configured or reported. It is anticipated that the REL-11 standards will leave it
completely up to E-UTRAN implementation which objects a network configures. Con-
ventionally there is no benefit in configuring a 'hanging object’, except potentially to
reduce signalling (for instance the signalling which would otherwise be needed to
release a measurement object not linked to a reporting configuration, and later add the
reporting configuration again when the measurement object becomes relevant again).
The measurements described in the previous relating to measurement objects and
reporting configurations) are usually referred to as Radio Resource Management
(RRM) measurements. Other measurements may be performed by the UE or the
network for the scheduling.

In accordance with certain embodiments of the present invention the RRM mea-
surement results may be included as additional information in an IDC indication sent
to the eNB. However, conventionally the UE does not perform measurements on fre-
quencies for which the associated measurement object is not linked to a reporting con-
figuration. Consequently it is expected that the default position in the REL-11
standards will be that a UE will report IDC interference problems only for carrier fre-
quencies which the UE is configured to measure (that is, the associated measurement
object is linked to a reporting configuration).

In some cases the network may not require the UE to provide measurement in-
formation to assist handover to another frequency, for instance for overlapping cells.
Such cases are also referred to as blind handovers (i.e. not assisted by measurement in-
formation). In accordance with certain embodiments of the invention, the inventors
have realised that for frequencies to which it is possible to perform blind handovers it
may still be beneficial to receive IDC state information concerning the risk of IDC in-
terference on that new frequency. This may be achieved using existing signalling by

requiring the UE to provide IDC indications also for 'hanging' measurement objects.
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Using regular measurements even for hanging measurement objects has the drawback
that the UE has to perform RRM measurements that may drain UE battery and / or
reduce measurement performance. Consequently, in accordance with an embodiment
of the present invention the UE is arranged to report IDC interference problems
through one or more IDC indication for some or all of the carrier frequencies specified
in the measurement configuration of the UE by a measurement object, regardless of
whether or not the measurement object is linked to a reporting configuration (that is,
whether or not the measurement object is hanging). Advantageously, no additional
signalling need be specified for configuring frequencies for which the UE should
provide an IDC report.

Referring now to the second area in which the published proposals for implementing
IDC interference indication signalling in the REL-11 standards are undecided
(determining when the UE should re-transmit an IDC indication), certain embodiments
of the present invention identify in which cases should the UE assume that E-UTRAN
has lost IDC state information the UE previously signalled to the network. Similarly to
the general approach discussed above, certain embodiments of the present invention
reduce repetitive transmission of state information relating to IDC interference in-
dications. Current proposals for the REL-11 standards do not clearly specify how and
when IDC state information relating to IDC interference problems should be re-
transmitted. However, it is expected that IDC state information should be transferred
from a source eNB to target eNB.

Referring now to Figure 9, this illustrates a first case in which a UE moves through a
network including at least one cell controlled by an eNB that does not support IDC in-
dications, and one or more other cells controlled by eNBs that do support IDC in-
dications. It will be appreciated that Figure 9 is similar in certain respects to the
general approach of Figures 3 to 5 above for providing state information to eNBs
during cell handover. Specifically, Figure 9 illustrates the case in which the UE is
configured to provide IDC indications in cell 1 and cell 3 but not in cell 2. Figure 9
shows that the UE is configured with measurement objects for frequencies f1, {2 and {3
in all three cells. However, only in cells 1 and 3 is the UE configured with the mea-
surement objects linked to corresponding reporting configurations. The E-UTRAN
configures the UE to provide IDC indications for specified frequencies using a 'Conf
IDC ind' signal as shown in connection with cells 1 and 3 (which specifies a reporting
configuration for all 3 frequencies. The 'Conf IDC ind' signal is unlikely to be
transmitted as a separate message, so more generally it can be considered that Figure 9
shows the eNB configuring the UE to provide IDC indications by means of a con-
figuration parameter. It will be appreciated that Figures 9 to 11 illustrate only one

possible embodiment of the invention, in particular relating to the precise details of the
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configuration signalling. The UE is arranged to send an IDC indication to cell 1
including IDC state information for frequencies f1, {2 and 3 (assuming the UE
connects first to cell 1 or the UE is otherwise aware that the network does not hold this
IDC state information). It is assumed that the eNB controlling cell 2 does not support
the transfer of the IDC information either from cell 1 or to cell 3. Consequently, the
UE retransmits an IDC indication to cell 3 including IDC state information for {1, {2
and 3 when moving from cell 1 via cell 2 to cell 3, as the IDC information it
previously sent to cell 1 is not available to the eNB controlling cell 3. If the UE moves
between two cells in which the same IDC configuration applies then there is no need
for the UE to retransmit the same IDC state information.

Referring now to Figure 10, this illustrates a second case in which the UE moves
through a network in which each cell is controlled by an eNB that supports IDC in-
dications, but the frequencies specified for each cell are not the same. The eNBs con-
trolling cells 1 and 3 configure the UE specifying measurement objects and reporting
configurations for frequencies f1, 2 and 3. However, the eNB controlling cell 2
configures the UE specifying measurement objects and reporting configurations for
frequencies f1 and {3 only. That is, the UE is configured to measure frequency 2 in
cell 1 and cell 3 but not in cell 2 (for instance, because in the area surrounding cell 2
the frequency 2 is not deployed, or measurement assistance is not required). That is, in
Figure 10, in some cells the UE is configured to provide IDC indications for fewer fre-
quencies.

The UE is arranged to send an IDC indication to cell 1 including measurements for
f1, 2 and f3. When the UE connects to cell 2 there is no need for the UE to retransmit
an IDC indication as discussed above in connection with Figure 9 if the IDC state in-
formation has not changed.

Upon connecting to cell 3 the UE must determine whether to transmit IDC state in-
formation for f1, {2 and {3 (assuming that there have been no recent changes to the
IDC state information which must be reported automatically). It is assumed that
because the UE is configured to provide IDC indications for frequencies f1, and {3
when connected to cell 2, upon connecting to cell 3 IDC state information relating to
frequencies f1 and {3 will be provided to the eNB controlling cell 3. However, the IDC
state information held by the network for frequency 2 (which may or may not be
provided to cell 3) will not reflect any IDC changes which the UE may have observed
while connected to cell 2. That is, there is a risk that the IDC state information held by
the network for frequency f2 may be out of date. Consequently, the UE may need to re-
transmit the IDC indication relating to frequency {2 upon moving to cell 3 in which the
UE is again configured to report IDC indications.

In certain embodiments of the invention, IDC state information relating to frequency
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{2 is only transmitted to cell 3 if the IDC information has changed relative to the IDC
state information for frequency {2 previously transmitted to cell 1 from the UE. This
advantageously avoids retransmission of IDC state information correctly held by the
network.

However, in an alternative embodiment of the present invention, in order to avoid
potentially passing obsolete information between network nodes, cell 2 is only
arranged to transmit IDC state information relating to frequencies f1 and {3 to cell 3
(that is, a cell only transmits IDC state information for frequencies for which a UE
connected to that cell is configured to provide IDC indications). That is, in this al-
ternative embodiment of the present invention an UE considers that the IDC state in-
formation for a frequency that was provided prior to handover to a new cell to be
cleared (and so must be retransmitted) when after the handover the UE is not
configured to measure and report the concerned frequency (i.e. the UE is not
configured with a corresponding measurement object that is linked to a reporting con-
figuration). In a further alternative embodiment an UE considers that the IDC state in-
formation for a frequency that was provided prior to handover to a new cell to be
cleared (and so must be retransmitted) when after the handover the UE is not
configured to measure the concerned frequency regardless of whether a measurement
object for a frequency is linked to a reporting configuration. That is, in the latter
further alternative embodiment, the UE also considers that IDC state information is
cleared in those circumstances for hanging measurement objects. This may be gen-
eralised in certain embodiments as being that the UE is configured to consider IDC
state information cleared by the network in those circumstances for frequencies for
which the UE is configured to report IDC problems. Considering IDC state in-
formation to be cleared in those circumstances may be preferable in networks in which
it is uncommon for adjacent cells to be configured for different frequencies, and so in
such a network it is acceptable for a UE to always retransmit IDC state information
when connecting to a new cell for frequencies for which the previous cell was not
configured to measure and optionally report IDC problems.

Referring now to Figure 11, this illustrates a third case, similar to the second case, in
which a UE moves through a network in which the set of frequencies deployed are not
the same everywhere, and may not correspond with cell boundaries (handover
regions). In the third case the measurement configuration of a UE may change even
though the UE is not moving between cells. In Figure 11 in some cells and some areas
of cells (or periods of time within a single cell) the UE is configured to measure fewer
frequencies. In Figure 11 cell 1 configures the UE specifying measurement objects and
reporting configurations for frequencies f1, {2 and 3. The UE is arranged to send an

IDC indication to cell 1 including measurements for 1, {2 and {3 including IDC state
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information. In a first part of cell 2, cell 2 sends an IDC indication configuration signal
to the UE specifying measurement objects and reporting configurations for frequencies
f1 and f3. In a second part of cell 2, cell 2 sends an IDC indication configuration
message to the UE specifying a measurement object and a reporting configuration for
frequency f2 only. In a further embodiment of the present invention a UE considers
that the IDC information for a frequency that was previously provided to the network
to be cleared (and so must be retransmitted) when the UE is no longer configured to
measure the concerned frequency. Alternatively, the IDC state information may be
considered to be cleared when the UE is no longer configured to measure and report
IDC problems for a concerned frequency.

Referring now to the third area in which the published proposals for implementing
IDC interference indication signalling in the REL-11 standards are undecided
(determining what measurement information the UE should provide, how this is
signalled and which configuration options are needed). In accordance with certain em-
bodiments of the invention, beneficially the UE provides measurement information in
the form of additional information for the new frequency either within an IDC in-
dication or separately. The additional information may include IDC indications for fre-
quencies other than the frequency for which a change in IDC interference has given
rise to the original IDC indication.

When a serving frequency is affected by in-device coexistence problems, an E-
UTRAN may choose to move the UE to another frequency. In accordance with certain
embodiments of the present invention, to assist the network with selecting one or more
target serving cell the UE provides measurement information concerning candidate fre-
quencies that are not affected by the IDC. In particular embodiments this measurement
information is transmitted to the network together with the IDC indication which
triggers the handover. Advantageously this allows the network to immediately take a
handover decision. Specifically, in accordance with certain embodiments of the present
invention the UE includes an identification of one or more best cell for each candidate
frequency which is not affected by the interference, where measurements are available.
The one or more best cell may comprise cells for which the received signal strength for
the frequency not affected by IDC interference is highest or exceeds a predetermined
level. Alternatively, the best cell or cells may be judged in some other way. It will be
appreciated by the appropriately skilled person that in case of IDC an E-UTRAN may
initiate handover to a cell only to avoid the IDC problem. Consequently, such a
handover candidate cell would not have triggered the measurement event criteria used
for normal mobility, and so other than in accordance with this embodiment of the
present invention reporting of such a cell would not be triggered based on normal

mobility measurement criteria. Advantageously, this embodiment of the present
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invention is simple, in so far as it requires no further configuration of the UE or the
network. Additionally, the measurement information for the best handover candidate
cells for the selected new frequency are automatically provided without requiring a
further processing step. Additionally, the inclusion of measurement information is
included for cells that are appropriate for handover but may not have met any of the
configured measurement event criteria, i.e. the UE may normally only report cells that
are better than the current serving cell. Furthermore, the IDC indication may include
best cell reporting for hanging measurement objects. It will be appreciated that in
certain embodiments additional measurements may be required if measurements are
not available for frequencies which the UE is not otherwise required to measure,
though this may be undesirable and so not implemented in other embodiments for
which the UE only provides already available measurement information. In certain ex-
ceptional cases, for instance following connection establishment, having measurement
information available from idle mode, such measurement may already be available to
the UE.

In a further embodiment, the UE may be arranged to include the measurement in-
formation only in a situation in which the IDC indication is likely to trigger the E-
UTRAN to initiate handover.

In a further embodiment, the UE may be arranged to include IDC state information
for all frequencies for which it is configured to maintain IDC state information when
sending an IDC indication of an IDC interference problem in respect of a specific
frequency, rather than just the IDC state information for that specific frequency.

The above embodiments are to be understood as illustrative examples of the
invention. Further embodiments of the invention are envisaged.

In the above embodiments, the version identifier may be a version number. Other
types of version identifier such as letters or other symbols or parameters are envisaged.
Furthermore, although embodiments above refer to a ‘value’ associated with a state in-
formation part, it will be appreciated that the value need not be numeric and may
depend upon possible states of one or more features with which the state information
part may be configured.

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 modi-
fications not described above may also be employed without departing from the scope

of the invention, which is defined in the accompanying claims.
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Claims

A method of processing state information in a radio access network
including a first radio access node that is associated with a cell and user
equipment, the method comprising:

maintaining state information at the user equipment, the state in-
formation comprising at least one state information part associable with
different values;

transmitting a current value associated with at least one state in-
formation part from the user equipment to the first radio access node in
response to detecting at least one predetermined trigger indicating that
the first radio access node may not hold the current value; and

relying on the first radio access node holding the current value as-
sociated with the at least one state information part if no predetermined
trigger is detected.

A method according to claim 1, wherein at least one state information
part comprises an In Device Co-existence, IDC, state information part
indicating an IDC interference problem for a frequency suitable for
communicating with the first radio access node.

A method according to claim 2, further comprising receiving at the user
equipment a message including configuration information from the first
radio access node containing information for configuring the user
equipment with at least one measurement object for at least one
frequency suitable for communicating with the first radio access node,
the measurement object identifying at least one frequency for the user
equipment to perform measurements other than in connection with
identifying IDC interference problems.

A method according to claim 2, wherein upon transmitting the current
value associated with the at least one IDC state information part the
user equipment is further arranged to transmit at least one IDC state in-
formation part in connection with at least one other frequency for
which the user equipment is configured to maintain at least one state in-
formation part.

A method according to claim 2, wherein upon transmitting the current
value associated with the at least one IDC state information part the
user equipment is further arranged to transmit additional IDC in-
formation arranged to assist the first radio access node in responding to

the IDC interference.
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A method according to claim 5, wherein the additional IDC information
is transmitted only if the user equipment determines that the
transmission of the current value associated with the IDC state in-
formation indicates that the first radio access node is likely to initiate a
handover to another frequency.

A method according to claim 1, wherein the at least one predetermined
trigger includes one or more of:

determining that the current value has not been reported to the first
radio access network; and

receiving, from the first radio access node, a message comprising at
least one predetermined indicator from which it can be determined
whether or not the first radio access node stores the current value.

A method according to claim 1, wherein the system further comprises a
source radio access node associated with one or more cells and the first
radio access node comprises a target radio access node capable of
receiving state information from the source radio access node, and
wherein on the basis of a change of connection of the user equipment
from a cell associated with the source radio access node to a cell as-
sociated with the target radio access node the at least one prede-
termined trigger includes or further includes one or more of:
determining that the target radio access node has not received the
current value from the source radio access node;

determining that the current value may have been reported to the source
radio access node too late for the source radio access node to have
transmitted it to the target radio access node;

determining that the current value was reported to the source radio
access node within at least one predetermined time period prior to
receiving a message relating to the change in connection;

determining that the current value was reported to the source radio
access node within at least one predetermined time period prior to
detecting a failure in a connection to the source radio access node; and
determining at least one of the source radio access node and one or
more radio access node to which the user equipment was previously
connected since the value associated with the at least one state in-
formation part was last reported to the radio access network, does not
support forwarding of state information relating to the user equipment.
A method of processing state information in user equipment in a radio

access network including a first radio access node that is associated
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with a cell and the user equipment, the method comprising:
maintaining state information at the user equipment, the state in-
formation comprising at least one state information part associable with
different values;

detecting whether or not at least one predetermined trigger occurs in-
dicating that the first radio access node may not hold the current value
transmitting a current value associated with at least one state in-
formation part from the user equipment to the first radio access node in
response to detecting at least one predetermined trigger; and

relying on the first radio access node holding the current value as-
sociated with the at least one state information part if no predetermined
trigger is detected.

A method of processing state information in a first radio access node in
a radio access network including the first radio access node associated
with a cell and user equipment, the method comprising:

receiving a current value associated with at least one state information
part from the user equipment in response to the user equipment
detecting at least one predetermined trigger indicating that the first
radio access node may not hold the current value.

A radio access network comprising:

a first radio access node that is associated with a cell; and

user equipment;

wherein the user equipment is arranged to maintain state information,
the state information comprising at least one state information part as-
sociable with different values;

wherein the user equipment is arranged to transmit a current value as-
sociated with at least one state information part to the first radio access
node in response to detecting at least one predetermined trigger in-
dicating that the first radio access node may not hold the current value;
wherein the first radio access node is arranged to receive a current
value associated with at least one state information part from the user
equipment in response to the user equipment detecting at least one pre-
determined trigger indicating that the first radio access node may not
hold the current value; and

wherein the user equipment is arranged to rely on the first radio access
node holding the current value associated with the at least one state in-
formation part if no predetermined trigger is detected.

User equipment arranged to form part of a radio access network
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including a first radio access node that is associated with a cell:
wherein the user equipment is arranged to maintain state information,
the state information comprising at least one state information part as-
sociable with different values;

wherein the user equipment is arranged to transmit a current value as-
sociated with at least one state information part to the first radio access
node in response to detecting at least one predetermined trigger in-
dicating that the first radio access node may not hold the current value;
and

wherein the user equipment is arranged to rely on the first radio access
node holding the current value associated with the at least one state in-
formation part if no predetermined trigger is detected.

A first radio access node in a radio access network including user
equipment:

wherein the first radio access node is arranged to be associated with a
cell; and

wherein the first radio access node is arranged to receive a current
value associated with at least one state information part from the user
equipment in response to the user equipment detecting at least one pre-
determined trigger indicating that the first radio access node may not
hold the current value.

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 com-
puterized device to cause the computerized device to perform the
method of processing state information in a radio access network of
claim 1.

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 com-
puterized device to cause the computerized device to perform the

method of processing state information in user equipment of claim 9.
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