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Communication System

The present invention relates to a communication system. The invention has
particular but not exclusive relevance to wireless communication systems and
devices thereof operating according to the 3rd Generation Partnership Project
(3GPP) standards or equivalents or derivatives thereof, such as the Universal
Terrestrial Radio Access Network (UTRAN, referred to as a 3G network) and the
Long Term Evolution (LTE) of UTRAN (E-UTRAN, referred to as a 4G network),
including LTE-Advanced (LTE-A). The invention also has some but not exclusive
relevance to wireless communication systems and devices thereof operating
according to the Global System for Mobile Communications (GSM) standards or
equivalents or derivatives thereof (generally referred to as 2G) and to Wireless
Local Area Networks (WLAN).

LTE networks are packet switched (PS) for voice and data, unlike legacy 3G
networks which are a combination of PS for carrying data and Circuit Switched
(CS) for carrying voice. 2G networks also provide CS voice connections. To date,
many telecommunications network operators continue to use legacy (3G or 2G)

networks to route voice calls.

For LTE, standards bodies have defined standards for voice services which are
provided using only the LTE network, referred to as Voice over LTE (VOLTE).

VOoLTE has various potential advantages, such as high-definition voice calls.
However, problems can occur when VoLTE calls are initiated, or ongoing, when a
mobile device is in an area where LTE coverage is limited. Furthermore, it may
be the case that a mobile device is in an area in which the received LTE radio
signal is good enough for data communications but not good enough for VoLTE

communications.

One example of managing VoLTE calls where LTE coverage is limited is for an
eNB to trigger a Single Radio Voice Call Continuity (SRVCC) handover to a
legacy network (3G/2G). However, if this approach is used, the VOLTE setup may
fail if, for example, the UE does not support SRVCC. As a result, call drop rate is
increased due to call setup failure. Also, SRVCC is a complex mechanism which
requires changes at the UE, eNB and MME level.
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The present invention seeks to provide a communication system and associated
apparatus and methods for addressing or at least partially ameliorating the above

issues.

In one aspect of the invention there is provided a communication device for a
long term evolution (LTE) communication system, the communication device
comprising: a controller and a transceiver, wherein the controller is configured to
control the communication device to: establish and engage in Voice over LTE
(VOLTE) communication via a communication connection with a base station;
obtain information indicating at least one criterion for determining whether VoLTE
communication via the communication connection with the base station can be
sustained; perform signal measurements for signals received from the base
station; and determine whether VoLTE communication via the communication
connection with the base station can be sustained based on whether or not the
signal measurements meet the at least one criterion.

In another aspect of the invention there is provided a base station for a long term
evolution (LTE) communication system, the base station comprising: a controller
and a transceiver, wherein the controller is configured to control the base station
to: establish and engage in Voice over LTE (VOLTE) communication via a
communication connection with a communication device; and transmit, to the
communication device, information indicating a criterion for determining whether
VOoLTE communication via a communication connection with a base station can
be sustained.

In another aspect of the invention there is provided a communication device for a
long term evolution (LTE) communication system, the communication device
comprising: a controller and a transceiver, wherein the controller is configured to
control the communication device to: establish and engage in Voice over LTE
(VOLTE) communication via a communication connection with a base station;
perform signal measurements for signals received from the base station; provide
at least one result of said signal measurements, to the base station, while the
communication device is engaged in an attempt to establish VoOLTE
communication via the communication connection; receive, from the base station,
responsive to provision of said results, a message indicating that the
communication connection cannot be sustained; and establish, on receipt of said
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message indicating that the communication connection cannot be sustained, a
communication connection via a non-LTE radio access technology (RAT) in order
to establish or maintain a voice call via that non-LTE RAT.

In another aspect of the invention there is provided a base station for a long term
evolution (LTE) communication system, the base station comprising: a controller
and a transceiver, wherein the controller is configured to control the base station
to: establish and engage in Voice over LTE (VoLTE) communication via a
communication connection with a communication device; receive, from the
communication device, while the base station is engaged in an attempt to
establish VoOLTE communication via the communication connection, at least one
result of signal measurements made by the communication device; determine,
based on the received at least one result of the signal measurements, whether or
not the communication connection can be sustained; and transmit, to the
communication device, when it has been determined that the communication
connection cannot be sustained, a message indicating that the communication
connection cannot be sustained.

In another aspect of the invention there is provided a communication device for a
long term evolution (LTE) communication system, the communication device
comprising: a controller and a transceiver wherein the controller is configured to
control the communication device to: setup and engage in VOLTE communication
via a communication connection with a base station; receive, when the
communication device is engaged in at least one of. (i) ongoing VOLTE
communication via the communication connection; and (ii) an attempt to establish
VoLTE communication via the communication connection, from the base station,
a message indicating that the communication connection cannot be sustained,
wherein the message comprises an indication that a cause of the message is
voice call continuity; and establish, on receipt of said message indicating that the
communication connection cannot be sustained, a communication connection via
a non-LTE radio access technology (RAT) in order to establish or maintain a
voice call via that non-LTE radio access technology (RAT).

In another aspect of the invention there is provided a base station for a long term
evolution (LTE) communication system, the base station comprising: a controller
and a transceiver wherein the controller is configured to control the base station
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to. establish and engage in VoOLTE communication via a communication
connection with a communication device; determine, when the base station is
engaged in at least one of. (i) ongoing VOLTE communication via the
communication connection; and (ii) an attempt to establish VoLTE communication
via the communication connection, that the communication connection cannot be
sustained; and transmit, to the communication device, when it has been
determined that the communication connection cannot be sustained, a message
indicating that the communication connection cannot be sustained, wherein the
message comprises an indication that a cause of the message is voice call

continuity.

In another aspect of the invention there is provided a core network node of a long
term evolution (LTE) communication system, the core network node comprising a
controller, wherein the controller is configured to control the core network node to:
receive, from a base station, information indicating a communication connection
associated with a voice over LTE (VOLTE) voice call has been released and
information indicating a possibility that said voice call will be continued via
another radio access technology (RAT); notify an internet protocol multimedia
subsystem (IMS) that the communication connection associated with the VoLTE
voice call has been released; and notify the IMS of the possibility that said voice
call will be continued via another RAT.

In another aspect of the invention there is provided a communication node of a
Universal Terrestrial Radio Access Network (UTRAN), the communication node
comprising a controller, wherein the controller is configured to control the
communication node to: receive, from an internet protocol multimedia subsystem
(IMS), information for supporting the continuation of a voice call via a radio
access technology (RAT) of the UTRAN, wherein a voice over LTE (VOLTE)
connection over which the voice call was previously being provided has been
released, and wherein said information comprises context information associated
with the VoOLTE connection.

Aspects of the invention extend to corresponding systems, methods, and
computer program products such as computer readable storage media having
instructions stored thereon which are operable to program a programmable
processor to carry out a method as recited in the claims and/or to program a
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suitably adapted computer to provide the apparatus described in the aspects and
possibilities set out above or recited in any of the claims.

Each feature disclosed in this specification (which term includes the claims)
and/or shown in the drawings may be incorporated in the invention independently
(or in combination with) any other disclosed and/or illustrated features. In
particular but without limitation the features of any of the claims dependent from a
particular independent claim may be introduced into that independent claim in

any combination or individually.

Embodiments of the invention will now be described by way of example only with
reference to the attached figures in which:

Figure 1 schematically illustrates a mobile telecommunication system to which
embodiments of the invention may be applied,;

Figure 2 is a block diagram illustrating the main components of the mobile
telephone forming part of the system shown in Figure 1;

Figure 3 is a block diagram illustrating the main components of a base station
forming part of the system shown in Figure 1,

Figure 4 shows an example timing diagram illustrating a method performed by
components of the communication system when a voice call is initiated,;

Figure 5 shows an example timing diagram illustrating an alternative method
performed by components of the communication system when a voice call is
initiated:;

Figure 6 shows an example timing diagram illustrating a further alternative
method performed by components of the communication system when a voice
call is initiated; and

Figure 7 shows an example timing diagram illustrating a method performed by
components of the communication system when a voice call is transferred to a
different RAT.
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Overview

Figure 1 shows a mobile (cellular) communication network 100 in which mobile
devices 3 (or other such user equipment) can communicate with other such
devices and/or other communication entities via an E-UTRAN base station (eNB)
5, operating an associated (‘4G’) cell, and/or via a UTRAN base station (NodeB)
6, also operating an associated (2G/3G’ circuit-switched) cell, and/or via a
wireless local area network (WLAN) termination (WTs) 7 each of which, in this
example, comprises a single access point (AP) but may comprise a plurality of
APs.

Communication via the eNB 5 is typically routed through a Mobility Management
Entity (MME) 9 which is accessed using an E-UTRA radio access technology
(RAT). Communication via the NodeB 6 is typically routed through a Radio
Network Controller (RNC) 19 and a core network 21, which are accessed using a
UTRA radio access technology (RAT). Communication via the AP of the WT 7 is
typically via an associated access controller (AC) and the internet.

As those skilled in the art will appreciate, whilst two mobile devices 3, base
stations 5 and 6 and WT 7 are shown in Figure 1 for illustration purposes, the
system, when implemented, will typically include other base stations, WTs and
mobile devices. Furthermore, only some of the elements of each of the three

exemplary RAT networks have been shown in Figure 1 for simplicity.

The eNB 5 is configured to co-ordinate with the MME 9 via an associated
interface (S1 interface) and the mobile devices 3 within the cell to set up radio
bearers (e.g. a E-UTRAN Radio Access Bearer, ‘E-RAB’) for communication
between the mobile devices 3 and the MME. In the context of VOLTE, the eNB 5
and MME 9 are collectively referred to as the Internet Protocol (IP) Connectivity
Access Network (IP-CAN) 11. It will be appreciated that, typically, an IP-CAN 11
will comprise a plurality of eNBs 5.

In order to provide VOLTE services to the UEs 3, the IP-CAN 11 provides the
mobile devices 3 with connectivity to an IP Multimedia Subsystem or I[P
Multimedia Core Network Subsystem (IMS) 15.

The IMS 15 manages the delivery of IP multimedia services to the mobile devices
3, thereby allowing multimedia based sessions between mobile devices 3. The
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IMS 15 employs a Session Initiation Protocol (SIP) for establishing, managing
and terminating such sessions on IP networks.

The core network 21 connected to the NodeB 6 includes a mobile switching
centre server (MSC-S) 23 which is responsible for managing call setup and
mobility for mobile devices 3 served by the NodeB 6. The MSC-S 23 can
communicate with the IMS 15 for conveying SIP signalling between mobile
devices 3 and the IMS 15.

As shown in Figure 1, the mobile devices 3-1 and 3-2 are located near the edge
of the cell operated by the eNB 5, where radio signals received by the mobile
devices 3-1 and 3-2 tend to be of low strength. However, both of the mobile
devices 3-1 and 3-2 located in areas of good coverage by the cell operated by the
NodeB 6. Furthermore, the mobile device 3-1 also receives good coverage from
the WT 7.

Beneficially, in this example, when the mobile device 3-1 is about to initiate a
voice call, it first determines whether the LTE signal strength is sufficient for a
VoLTE call by comparing a signal strength measurement with at least one VoLTE
threshold received from the eNB 5. If the LTE signal strength is sufficient, the
mobile device 3-1 initiates a VoLTE call, while if the LTE signal strength is not
sufficient, the mobile device 3-1 selects another RAT (in this example either the
3G RAT of the NobeB 6 or the WLAN RAT of the WT 7) and initiates a voice call
using the alternative RAT. In this example, the eNB 5 also provides the mobile
device 3-1 with additional information for use by mobile device 3-1 to assist with
the selection of and/or connection to the alternative RAT (referred to as
‘assistance information’).

Furthermore, in this example, when the mobile device 3-1 is connected to the
eNB 5 with an ongoing VoLTE call, the mobile device 3-1 provides measurement
reports to the eNB 5. Beneficially, if the eNB 5 determines that the LTE signal
strength is no longer sufficient for VOLTE, an enhanced RRC Connection Release
procedure is performed. The enhanced RRC Connection Release procedure
involves sending a message to the mobile device 3-1 to indicate release of the
VOLTE connection. The message beneficially includes information indicating the
cause of the release to be for the purposes of ‘voice call continuity’ (e.g. in a
cause information element, ‘IE’, with a value set to 'voice call continuity’). In this
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example, the eNB 5 also provides the mobile device 3-1 with additional
information for use by mobile device 3-1 to assist with the selection of and/or
connection to the alternative RAT (e.g. 2G, 3G, WLAN) for the purposes of
continuing the voice call (referred to as ‘assistance information’). The assistance
information may include cell system information for the alternative RAT, in order
to allow faster acquisition of system information by the mobile device 3-1, which
in turn allows faster resumption of the voice call, providing a better user
experience.

It can be seen, therefore, that this process advantageously avoids the signalling
associated with failed VOLTE connection attempts when a VoLTE call cannot
properly be supported (or there is a relatively high likelihood of failure) because of
insufficient radio coverage (even where radio coverage is sufficient for a 4G data
service).

In this example, the eNB 5 also communicates, directly or indirectly, with the IMS
15 to notify the IMS that the VOLTE connection of the mobile device 3-1 has been
released, but that the mobile device 3-1 may try to continue the voice call via
another RAT (e.g. 2G, 3G, WLAN). When the mobile device 3-1 attempts to
continue the voice call via a connection to a new RAT, the mobile device 3-1
indicates that the connection is for voice call continuity. In order to support the
voice call continuity, the context for the VoLTE connection is maintained in the
IMS and can thus be obtained from the IMS by the MSC-S while a connection for
continuing the voice call is being established via the new RAT. The context for
the VOLTE connection may include information such as calling party, called party
and QoS parameters, Alternatively or additionally, the context may include
subscription parameters such as parameters relating to accounting - for example
a user’s remaining credit (for ‘pay as you go’ users) or a user's usage limits for
voice, video etc. (for pay monthly users).

It can be seen, therefore, that this process advantageously has the potential to
reduce the incidence of VOLTE call failures arising from degradation in radio
coverage by allowing a VoLTE call to be continued, relatively quickly, as a voice
call via a new RAT (e.g. 2G, 3G, WLAN) even where SRVCC cannot be used
(e.g. because SRVCC is not supported).
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In a beneficial variation of this example, when the mobile device 3-1 attempts to
initiate a voice call, the eNB 5 determines whether the LTE signal strength is
sufficient for a VOLTE call by comparing a signal strength measurement with at
least one VoLTE threshold. If the LTE signal strength is sufficient, the VoLTE call
is progressed. However, if the LTE signal strength is not sufficient, the VOLTE call
connection is released/rejected. In this variation, on release/rejection the eNB 5
may also provide the mobile device 3-1 with additional information for use by the
mobile device 3-1 to assist with the selection of and/or connection to an
alternative RAT (referred to as ‘assistance information’). This assistance
information may be provided in a release/rejection message or separately. The
release/rejection message may also include an appropriately set cause of the
release/rejection (this may, for example, be a cause information element, ‘IE’,
with a value set to 'voice call continuity’ or similar).

It can be seen, therefore, that this variation also advantageously avoids much of
the signalling associated with failed VoLTE connection attempts when a VoLTE
call cannot properly be supported (or there is a relatively high likelihood of failure)
because of insufficient radio coverage (even where radio coverage is sufficient for
a 4G data service). This variation also has the benefit of reducing the complexity
at the mobile device side.

Mobile Device

Figure 2 is a block diagram illustrating the main components of a mobile device 3
as shown in Figure 1. As shown, the mobile device 3 has a transceiver circuit 31
that is operable to transmit signals to and to receive signals from an eNB 5 (or
NodeB 6 or WT 7) via one or more antenna 33. The operation of the transceiver
circuit 31 is controlled by a controller 37 in accordance with software stored in
memory 39. The software includes, among other things, an operating system 41,
a communications control module 43, a radio resource control module 45, a
signal measurement module 46, a voice call module 47.

The communications control module 43 controls communication with the base
station 5 including, for example, allocation of resources to be used by the
transceiver circuit 31 in its communications with the base station 5.
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The radio resource control module 45 controls the transition between various
RRC modes and handles associated RRC signalling to/from the base station 5
(via the media access control module 47).

The signal measurement module 46 obtains signal strength measurements (e.g.
Reference Signal Received Power (‘RSRP’), Reference Signal Received Quality
(‘(RSRQ’) or Reference Signal Strength Indicator (‘RSSI)) of signals (e.g.
reference signals) received via the antenna 33. The signal measurement module

46 can send the signal strength measurements to the eNB 5.

The voice call module 47 is responsible for initiating and managing voice calls via
LTE (i.e. VOLTE) or via a different RAT. In this example, the voice call module 47
determines whether a VoLTE call can be initiated (e.g. based on one or more
thresholds for the signal strength measurements). It will be appreciated, however,
that determination of whether a VoL TE call can be initiated may be performed at
the base station 5. The voice call module 47 also manages continuation (or
attempted continuation) of voice calls, that begin as VOLTE calls but can no
longer be supported (e.g. because of a change in radio conditions), via an

alternative RAT.

The voice call module 47 selects the RAT for initiating or continuing with a voice
call (where VoLTE cannot or can no longer be used). The RAT selection may be
based on assistance information provided by the eNB 5 to aid selection of the
RAT.

Base Station (eNB)

Figure 3 is a block diagram illustrating the main components of a base station
(eNB) 5. The base station 5 is a fixed communication node providing services to
mobile device 3 within its coverage area. As shown, the base station 5 includes a
transceiver circuit 51 which transmits signals to, and receives signals from, the
mobile device 3 via at least one antenna 53. The base station 5 also transmits
signals to and receives signals from the MME 9 and other neighbouring base
stations 5 via a network interface 55 (for communicating with neighbouring base
stations 5 and with the MME 9 using the X2 and S1 interfaces, respectively).

The operation of the transceiver circuit 51 is controlled by a controller 57 in
accordance with software stored in memory 59. The software includes, among
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other things, an operating system 61, a communications control module 63, a
radio resource control module 65, a measurement configuration module 67, a
VoLTE threshold module 68, and a voice call module 70.

The communications control module 63 controls communications between the
base station 5 and the mobile devices 3, and the network devices such as the
MME 9.

The radio resource control module 65 controls the radio communication
resources used between the base station 5 and the mobile devices 3 attached
thereto. In particular, the radio resource control module 65 controls the
establishment of an RRC connection between the base station 5 and the mobile
devices 3 within its cell(s).

The measurement configuration module 67 is responsible for generating
measurement configurations for configuring the mobile device 3-1 to perform
measurements such as signal strength measurements (e.g. Reference Signal
Received Power (‘RSRP’), Reference Signal Received Quality (‘(RSRQ’) or
Reference Signal Strength Indicator (‘RSSI’)) for the purposes determining
whether the signal strength is sufficient for VoLTE.

The VOLTE threshold module 68 stores one or more signal strength thresholds
for the purposes determining whether the signal strength is sufficient for VoLTE.
In this example, the VOLTE threshold module 68 also provides the mobile device
3 with these thresholds. It will be appreciated, however, that if determination of
whether a VoL TE call can be initiated is performed at the base station 5, then the
VoLTE threshold module 68 may carry out the comparison required for such a
determination.

The voice call module 70 is responsible for the base station’s part in initiating and
managing voice calls via LTE (i.e. VOLTE). The voice call module 70 also
provides information (e.g. the assistance information) for supporting selection of
alternative RATSs in the event that a VoLTE voice call cannot, or can no longer, be
supported by the prevailing radio conditions. The assistance information may, for
example, inform the mobile device of a priority order for different RATs (e.g.
respective priorities for 2G, 3G, WLAN) and/or may include target cell system

information that reduces the burden on the mobile device when setting up /
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continuing a voice call thereby allowing a new/ongoing call to be established
more quickly. The voice call module 70 also provides continuity information for
supporting continuity of voice calls via alternative RATS, to other network entities,
such as functions of the IMS 15, for example notifying the IMS that a mobile
device 3 has been released using an enhanced RRC connection release
procedure.

In this example the voice call module also determines the priority order for
different RATs, although it will be appreciated this could be pre-programmed (for
example set by an operator).

In the above description, the mobile device 3 and the base station 5 are
described for ease of understanding as having a number of discrete modules
(such as the communications control modules and the media access control
modules). Whilst these modules may be provided in this way for certain
applications, for example where an existing system has been modified to
implement the invention, in other applications, for example in systems designed
with the inventive features in mind from the outset, these modules may be built
into the overall operating system or code and so these modules may not be
discernible as discrete entities. These modules may also be implemented in
software, hardware, firmware or a mix of these.

A number of different examples will now be described that illustrate how different
aspects of the invention can be put into effect using the above mobile device (UE)
3 and base station (eNB) 5. The examples will be described with reference to the
timing diagrams shown in Figures 4 to 7.

Initiating Voice Call based on VoLTE Threshold Comparison at UE

Figure 4 illustrates, in simplified form, the procedure for initiating a voice call
taking into account at least one threshold for initiating a VoLTE voice call.

At step s401, the eNB 5 transmits one or more thresholds associated with VoLTE
to the UE 3 -1. In this example, the threshold(s) are broadcast by the eNB 5 to
any UEs 3 which are present within the cell operated by eNB 5. In this example
the one or more thresholds are included in a system information block (SIB).
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In this example, the one or more thresholds for VOLTE comprise at least one of a
reference symbol received power (RSRP) threshold, a received signal strength
indicator (RSSI) threshold, and a reference signal received quality (RSRQ)
threshold. Each threshold value transmitted to the UE 3-1 indicates a respective

value below which a VoLTE call is considered not to be viable.

At step s403, assistance information is transmitted by the eNB 5 to the UE 3-1.
In this example the assistance information is broadcast by the eNB 5 to any UEs
3 within its cell in an SIB (either with or separately from the one or more
thresholds). The assistance information includes information for assisting the UE
3-1 to connect to a new cell, and in this example the assistance information
comprises RAT priority information. The RAT priority information identifies an
order of priority of any RATs which may be part of the overlaid coverage received
by the UE 3-1. In this case, and as can be seen from Figure 1, UE 3-1 is within
the coverage the cell of the 3G NodeB 6 and the WLAN cell of the WT 7. As
shown in Figure 4, exemplary assistance information comprises information
specifying that 3G RATs have the highest priority, followed by 2G RATs and then
WLAN RATs. A UE receiving this information will therefore attempt to connect in
the first instance to a 3G RAT for a voice call if available, and then to a 2G RAT
where connection cannot be made with the 3G RAT; and in turn to a WLAN RAT

if connection to the 2G RAT is not possible.

The assistance information may also include configuration information of the
target RATSs, and/or of target cells. The configuration information is provided in
order to expedite the process of the UE 3-1 connecting to a new cell or RAT. The
configuration information may include system information for the target cells.
Where the target RAT is WLAN, the configuration information may include WLAN
identifiers such as a Basic Service Set Identifier (BSSID), Access Point |dentifier
(APID), Service Set Identifier (SSID) and/or a Homoganaous Extended Service
' ar (HESSID).

N et Tk
At s
o AR

The configuration information may also provide assistance in the security
procedure, for example allowing the UE 3-1 to skip WLAN security or allow a
lightweight security mechanism for be performed. For example, in the standard
for public-access Wi-Fireferred to as ‘Hotspot 2.0°, a UE authorised with an
Extensible Authentication Protocol Subscriber Identity Module (EAP-SIM) moving
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from a 3GPP network may not need to be authenticated by the WLAN.
Accordingly, the configuration information may provide information allowing the
UE 3-1 to connect to a WLAN without authentication and using the same
credentials as used in the 3GPP network, in order to reduce signalling load.

It is noted that where the UE 3-1 connects to a 2G or 3G RAT, security keys
associated with the UE 3-1 are transferred by the source RAT (e.g. 4G RAT) to
the target RAT (e.g. 3G RAT), in a similar way as performed in SRVCC.

At step s405 the UE 3-1 measures the signal strength of reference signals
transmitted by the eNB 5. As will be appreciated by those skilled in the art, the
signal strength measurement may be performed before or after the UE 3-1
receives the one or more thresholds and/or the assistance information from the
eNB 5.

At step s407 the UE 3-1 compares the signal strength measurement of the
reference signals to the corresponding threshold value for the VoLTE. For
example, if the threshold value received by the UE 3-1 is an RSRP threshold
value, the RSRP signal strength measurement of the reference signal transmitted
by the eNB 5 is compared to this RSRP threshold. If the signal strength
measurement is less than the threshold, the UE does not initiate a VOLTE call via
the eNB 5, and instead proceeds to step s409 where the UE 3-1 selects an
alternative RAT using the assistance information. As the exemplary assistance
information in Figure 4 specifies that a 3G RAT has a higher priority than a WLAN
RAT, at step s411 the UE 3-1 initiates a collection with the NodeB 6 in order to
establish a voice call.

If at step s407 the signal strength measurement is greater than or equal to the
threshold value, the UE 3-1 proceeds to step s413 where an RRC connection is
initiated with the eNB 5 in order to establish a VoLTE call. In this example, the
coverage check is performed before a random access (RA) procedure is
commenced in pursuance of the RRC connection (i.e. before ‘message 1’ of the
RA procedure). It will be appreciated, however, that the coverage check may be
performed later, for example after a random access (RA) procedure has
commenced but before an RRC connection request (i.e. ‘message 3’) is sent.
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Although not illustrated in Figure 4, if a voice call cannot be established via the
NodeB 6, then using the assistance information the UE 3-1 may proceed to
attempt to establish a collection with the WLAN WT 7 in order to place the voice
call.

Initiating Voice Call based on VoLTE Threshold Comparison at eNB

Figures 5 and 6 Illustrates, in simplified form, two exemplary procedures
according to an example in which the UE 3-1, in idle mode, initiates a VoOLTE call
and provides signal strength measurements to the eNB 5 in order to allow the
eNB 5 to quickly determine if VOLTE is viable or if the call needs to be transferred
to another RAT.

At step s501 the UE 3-1 performs signal strength measurement of reference
signals transmitted by the eNB 5. As in the previous example, these signal
strength measurements may comprise at least one of RSRP, RSRQ and RSSI
signal strength measurements.

At step s503, the first step of initiating a VoLTE call is performed when the UE 3-1
transmits a random access preamble to the eNB 5. The eNB 5 responds at step
s505 with a random access response. Next, at step s507, the UE 3 sends an
RRC connection request to the eNB 5 and at step s509 the eNB 5 responds with
an RRC connection setup message. At step s511, the UE 3-1 sends an RRC
connection complete message to the eNB 5, where the RRC connection
complete message includes a signal strength measurement result on the signal
strength measurement performed at step s501. At step s512, the eNB 5 uses the
signal strength measurement result transmitted with the RRC connection
complete message to determine whether the signal strength received by the UE
3-1 is suitable for a VOLTE call by comparing the signal strength measurement
with at least one VoLTE threshold, such as the VoLTE thresholds described
above. If the signal strength is considered suitable, the eNB 5 proceeds to step
s$513 where it transmits a security mode command to the UE 3-1. The UE then
forms with a security mode to complete message at step s515, and at step s516
a VoLTE call is established.
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If, on the other hand, the signal strength is not considered suitable for a VoLTE
call by the eNB 5, the eNB 5 proceeds to step s517 where an RRC connection
release message is transmitted to the UE 3-1.

The RRC connection release procedure between the eNB 5 and the UE 3-1 is an
enhanced RRC connection release procedure in which the eNB 5 provides
additional information to the UE to aid the voice call continuity. For example, the
RRC connection release messages transmitted at step s517 may include a new
RRC connection release cause value, along with an indication of preferred RAT
and associated assistance information. The enhanced RRC connection release
procedure is described in more detail in relation to Figure 7 below.

Figure 6 illustrates, in simplified form, an alternative procedure in which the UE 3-
1, in idle mode, initiates a VOLTE call and provides signal strength measurements
to the eNB 5 in order to allow the eNB 5 to quickly determine if VOLTE is viable or
if the call needs to be transferred to another RAT. The procedure illustrated in
Figure 6 is similar to that illustrated in Figure 5 except that the signal strength
measurement result is sent to the eNB 5 at a different point in the procedure.

At step s601 the UE 3-1 performs a signal strength measurement in the same
way as described in relation to Figure 5. At step s603 the first step of initiating a
VOLTE call is performed when the UE transmits a random access preamble to the
eNB 5. At step s605, the eNB 5 responds with a random access response
message. At step s607, the UE 3-1 transmits an RRC connection request to the
eNB 5, where the RRC connection request includes a signal strength
measurement result. Next, at step s609, the eNB 5 uses the signal strength
measurement result transmitted with the RRC connection request to determine
whether the signal strength received by the UE 3-1 is suitable for a VoLTE call by
comparing the signal strength measurement with at least one VoLTE threshold,
such as the VoLTE thresholds described above. If the signal strength is
considered suitable, the eNB 5 proceeds to step s611 where it transmits an RRC
connection set up message to the UE 3-1, at step s613 the UE 3-1 responds with
an RRC connection complete message, and at step s616 a VoLTE call is

established.
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However, if the signal strength measurement in considered not suitable for a
VOLTE call, the eNB 5 proceeds to step s617 where an RRC connection reject
message is transmitted to the UE 3-1.

In a similar way as stated above in relation to Figure 5, preferably the RRC
connection reject procedure between the eNB 5 and the UE 3-1 is an enhanced
RRC connection reject procedure. For example, the RRC connection reject
messages transmitted at step s617 may include a new RRC connection reject
cause value, along with an indication of preferred RAT and associated assistance
information.  The enhanced RRC connection release/reject procedure is
described in more detail in relation to Figure 7 below.

It can be seen that, in the example of Figure 5, signal strength information is sent
to the eNB 5 by the UE 3-1 in an RRC connection complete message.
Contrastingly, in the example of Figure 6, signal strength information is sent to
the eNB 5 by the UE 3-1 in an RRC connection request message. However,
signal strength information may be provided to the eNB & at other points in the

procedure.

For example, the signal strength information may be provided as part of a random
access (RA) procedure. However, since space is limited in RA message 1 (being
designed for preamble transmission), the partitioning of RA resources between
modes A and B (currently used for indicating different coverage levels for
machine type communication devices) may be reused by VoLTE devices.

In a further example, signal strength information may be provided to the eNB 5 in
a new request/response RRC message before security activation. Alternatively,
the signal strength information may be provided to the eNB 5 after security
activation (although it will be appreciated that this is relatively late in the
procedure).

In a further example, the UE 3-1 may provide a single bit (e.g. in any of the
messages described above) rather than a complete set of measurement results.
This bit may represent a trigger to indicate, for example, whether the signal
strength is above or below a threshold. The thresholds for such single bit trigger
may be broadcasted or transmitted in dedicated signalling.
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Providing a single bit rather than a complete set of measurement results
beneficially reduces signalling, and allows signal strength information to be
provided in messages having fixed sizes, such as an RRC Connection request.
Furthermore, where the UE 3-1 is transmitting signal strength information before
authentication has taken place, sending a single bit poses a security risk than
sending measurement results (for example it is unlikely that the UE location can

be determined from the single bit alone).
Enhanced RRC Connection Release/Reject Procedure

Figure 7 llustrates, in simplified form, a procedure performed by the
communication system 100 as illustrated in Figure 1 which includes an enhanced
RRC connection release procedure in which a dedicated ‘release cause’ value is
used to indicate that an RRC Connection Release is due to voice call continuity

requirements.

At step s701, an active VOLTE RRC connection exists between the UE 3-1 and
the eNB 5. At step s703 the UE 3-1 transmits a measurement report to the eNB
5, where the measurement report comprises a signal strength measurement of
reference signals transmitted by the eNB 5. At step s704, the eNB 5 uses the
signal strength measurement results transmitted in the measurement report to
determine whether the signal strength received by UE 3-1 is suitable for a VoLTE
call. If the signal strength measurement is considered suitable for a VoLTE call,
the eNB 5 proceeds to establish a VoLTE call with the UE 3-1. However, if the
signal strength measurement is not considered suitable for a VoLTE call, the eNB
5 proceeds to step s705 where it transmits an RRC connection release message
to the UE 3-1. According to the enhanced RRC connection release procedure,
the RRC connection release message comprises a RRC connection release
cause value which indicates that the release cause is “voice call continuity”.
Preferably, the RRC connection release message also includes assistance
information; including information indicating a preferred RAT(s) for voice call
continuity (e.g. indicating a priority order for RATs) and further including
associated information, such as system information of the preferred RAT(s).

It is noted that the assistance information may be included with the RRC
connection release message or may be transmitted separately from the RRC

connection release message.
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As step s706 the eNB 5 informs the IMS, via the MME 9, of the RRC connection
release and notifies the IMS that the UE 3-1 may attempt to reconnect via
another RAT for voice call continuity. In this example the other RAT may be, for
example, a 3G, 2G or WLAN RAT.

At step s707, the UE 3-1 maintains the RRC connection release cause value in

its upper layers, for example NAS, IMS or IP.

At step s709 the UE 3-1 selects a new RAT with which to attempt to connect for
voice call continuity, using the assistance information received at step s705.
Then, at step s710, the UE 3-1 establishes a connection with the chosen RAT, in
this case establishing an RRC connection with the NodeB 6 of the 3G network
(UTRAN).

At step s711, the MSC-S 23 of the 3G network associated with NodeB 6 obtains
the context for the voice call with the mobile device from the IMS 15.

Once the MSC-S 23 has obtained the context, the voice call can be continued via
the 3G network. Preferably, the call will continue seamlessly; in some systems if

the procedure takes less than 20 msec then no packets will be lost.

In the above description in relation to Figure 7, the RRC connection release
procedure is enhanced by including extra information (e.g. a new cause value
and assistance information) with an RRC connection release message. However,
it will be appreciated that the RRC connection reject procedure can be enhanced
in the same way by including the extra information with an RRC connection reject
message (for example by including a cause value identifying the cause for
rejecting the RRC connection).

WLAN Target RAT

In the scenario where the UE 3-1, when in connected mode, attempts to establish
VoLTE call and the UE 3-1 is transferred to WLAN for the call, it may take a
longer time for an association between the UE 3-1 and the WLAN to be

established. This may result in the ongoing voice call being affected.

Howver, if the UE 3-1 has received the RAT priority order information as

described above, and the WLAN has a high priority for voice call (e.g. higher than
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2G/3G), then the mobile device may start association with the WLAN earlier.
Furthermore, the eNB may set the one or more thresholds accordingly (e.g. a
higher single strength threshold) to ensure that there is enough time to cater for a
delay arising from WLAN association.

Benefits, Modifications and alternatives

Detailed embodiments have been described above. As those skilled in the art will
appreciate, a number of modifications and alternatives can be made to the above
embodiments whilst still benefiting from the inventions embodied therein. By way
of illustration only a number of these alternatives and modifications will now be
described.

In the above embodiments, the mobile devices are cellular telephones. It will be
appreciated that the above embodiments could be implemented using devices
other than mobile telephones such as, for example, personal digital assistants,
laptop computers, web browsers, etc. The above embodiments are applicable to
non-mobile or generally stationary user equipment as well.

In the above embodiments, a number of software modules were described. As
those skilled in the art will appreciate, the software modules may be provided in
compiled or un-compiled form and may be supplied to the mobile device, eNB or
WT as a signal over a computer network, or on a recording medium. Further, the
functionality performed by part or all of this software may be performed using one
or more dedicated hardware circuits.

The IMS 15 may comprise a number of entities or ‘functions’ for delivering the IP
multimedia services to the mobile devices 3. It will be appreciated that the
functions may be provided as separate communication entities. Alternatively,
some or all of the functions may be integrated into a single communication entity.

The IMS 15 may include a Call State Control Function (CSCF), which comprises
a Proxy CSCF (P-CSCF), an Interrogating CSCF (I-CSCF) and a Serving CSCF
(S-CSCF). The IMS 15 may also include an Application Server (AS) and a Home
Subscriber Server (HSS).



10

15

20

25

30

21

The CSCF, in this example, is a SIP server that implements IMS call session
control functionality for the mobile device 3. The CSCF also supports the
DIAMETER protocol for communicating with the HSS.

The P-CSCF provides connectivity between the mobile devices 3 and the IMS 15.
The P-CSCF is configured to handle all SIP requests and responses between the
mobile devices 3 and the IMS 15. The P-CSCF also manages security and
Quality of Service (Qo0S).

The |I-CSCF acts as a forwarding point for the IMS 15, as remote servers address
SIP packets to the IP address of the I-CSCF. The |-CSCF is also configured to
communicate with the HSS to retrieve the address of the S-CSCF for a SIP
request.

The S-CSCF is configured to process the location registration of each mobile
device 3, and also to perform user authentication and VoLTE call routing.

The AS is responsible for end-to-end communications between (an appropriate
application in) the mobile device 3 and a corresponding application hosted by the

AS (and/or a node connected to it).

The HSS is responsible for storing and managing subscriber data and provides
details of the subscribers to the other entities within the IMS network.

Although not necessarily shown in Figure 2, the mobile device 3 will of course
have all the usual functionality of a conventional mobile device 3 (such as a user
interface 35) and this may be provided by any one or any combination of
hardware, software and firmware, as appropriate. Software may be pre-installed
in the memory 39 and/or may be downloaded via the telecommunication network
or from a removable data storage device (RMD), for example.

It will be appreciated that whilst it is envisaged that the variation in which the eNB
5 determines whether the LTE signal strength is sufficient for a VoLTE call
represents a possible alternative to the example in which the mobile device 3-1
determines whether the LTE signal strength is sufficient for a VoLTE call, it may
be beneficial for both options to be integrated into a single communication
system. The options may, for example, be part of a single integrated process in
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which both the mobile device 3-1 and the eNB 5 check whether the LTE signal
strength is sufficient for a VoL TE call.

The mobile device 3-1 may compare its signal strength measurement with the at
least one threshold when in connected mode, preferably periodically, and if it
determines that the signal strength is below the associated threshold it transmits
a RRC Relocation request to the eNB, specifying that the cause is voice call
continuity. In response, an enhanced RRC Connection Release may be

performed as described above.

In relation to Figure 4, in alternative examples, no assistance information is
transmitted by the eNB 5 to the UE 3-1, and therefore the UE 3-1 selects an
alternative RAT without use of assistance information.

The one or more thresholds, and the assistance information, may not be
broadcast by the eNB 5, and instead may be sent directly to mobile devices 3 by
the eNB 5. This may allow the eNB 5 to tailor the thresholds and/or the
assistance information for each mobile device 3.

It is noted that the broadcast of VOLTE thresholds by an eNB may also implicitly
indicate that the eNB supports the use of VOLTE thresholds. Furthermore, an
eNB may broadcast an indication that it supports VOLTE thresholds, optionally
without broadcasting specific thresholds. In such a case, a UE may determine
thresholds itself, for example based on capabilities of the eNB and UE.

It is noted that the VOLTE specific thresholds may also be used for idle mode
mobility. For example, a UE 3-1 may decide whether to select a 4G cell in idle
mode mobility based on whether measurements of reference signals from the 4G
cell are above a VoLTE specific threshold. It with be appreciated that generally,
when a UE is performing idle mode mobility, it is not known whether it will
establish a VoLTE connection or a data service connection in the future.
Accordingly, the VoLTE specific thresholds may particularly beneficially be used
for UEs which support VolP and which do not support a data connection, as such
UEs will only establish VoLTE connections.

The priority order of the RATs can be decided by the eNB 5, or may be
configured by the operator during an operations, administration and maintenance
(OAM) procedure. If decided by the eNB 5, the eNB can determine the coverage
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area of the other available RATSs, either by performing signal measurements
itself, or by instructing the UE to provide measurement reports relating to each of
the RATs. The eNB 5 then decides the priority order of the RATs based on the
coverage areas. Situations where the priority order of the RATSs is configured by
the operator may include the case where, for example, the whole LTE cell of the
eNB 5 has overlaid UMTS cell coverage. The priority order may also be
determined via any combination of the above options. Furthermore, both UEs and
eNBs can use additional information to determine priority order, such as
minimisation of drive tests (MDT) information and self-organising network (SON)
information.

In order to know what cells are present, the eNB 5 may ask the UE 3 to perform
location reporting to determine the position of the UE 3. Furthermore, the UE may
report ‘fingerprints’ comprising the radio signal level/signal strength of, for
example, up to 6 cells including other RATs. The eNB 5 may use this fingerprint’
to decide priority accordingly. The UE location and ‘fingerprint’ can be used in
combination with radio quality when a UE 3 is in connected mode.

Although it is described above that the MSC server 23 obtains the context from
the IMS, it is noted that an evolved Packet Data Gateway (ePDG) may
additionally or alternatively perform this task.

In examples where the UE provides signal strength information using a single bit,
the UE may separately indicate to the RAT that it has the capability to provide
signal strength information using a single bit. However, the single bit and the
capability indication may be combined together — for example a predefined value
of the single bit may indicate both that the UE has the capability to provide signal
strength information using a single bit and that the signal strength measurement
is below a threshold.

Additionally or alternatively, the one or more thresholds may include a power
headroom (PH) reporting threshold for VOLTE. This may beneficial if VOLTE is not
viable due to UE power being limited. In this case, the UE 3-1 can provide a PH
report to the eNB 5 based on this new threshold (this is similar to the RSRP,
RSRQ and/or RSSI thresholds described above, but done at Media Access
Control (MAC) layer reporting).
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It will be appreciated that whilst much of the above description is based on an
RRC implementation, the procedure could instead be based on a MAC
implementation, for example as in the power headroom (PH) reporting example
above.

For 2G/3G RATSs, the information sent by the eNB 5 to the UE 3-1 may include
thresholds for VOLTE establishment and target RAT cell information for 2G/3G
case. However for WLAN RATSs, the information sent by the eNB 5 to the UE 3-1
may include VOLTE thresholds and target WLAN information (e.g. WLAN AP D/
Basic Service Set ID (BSSID)/other IDs). Beneficially, therefore, if WLAN is the
highest priority RAT for voice call continuity then the UE 3 is made aware of this
in advance.

The system information of the preferred RAT(s) may include information similar to
that used for circuit-switched fallback, for example the UTRA specific system
information contained in “utra-BCCH-Container-r10”.

It is noted that the VoLTE threshold information and/or assistance information can
be provided in new SIB or existing SIB. For example, a WLAN offload indicator in
an existing SIB may additionally include VoLTE thresholds. The “WLAN offload
config” in SIB 17 (as shown in the version of SIB 17 below, only the relevant part
of which has been illustrated) can be used as reference. It is noted that additional
information may be added to SIBs such as SIB 17, however it is expected that the
same or similar information to that in SIB 17 can be used.
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-- ASN1START
WLAN-OffloadConfig-r12 ::= SEQUENCE {
thresholdRSRP-r12 SEQUENCE
| thresholdRSRP-Low-r12 RSRP-
Range,
i thresholdRSRP-High-r12 RSRP-
Range
} OPTIONAL, -- Need OR
I thresholdRSRQ-r12 SEQUENCE
| thresholdRSRQ-Low-r12 RSRQ-
Range,
i thresholdRSRQ-High-r12
RSRQ-Range
} OPTIONAL, -- Need OR
thresholdRSRQ-OnAllISymbolsWithWB-r12 SEQUENCE {
thresholdRSRQ-OnAlISymbolsWithWB-Low-r12
RSRQ-Range,
i thresholdRSRQ-ONnAIISymbolswWithWB-High-r12
RSRQ-Range
} OPTIONAL, -- Need OP
thresholdRSRQ-OnAlISymbols-r12 SEQUENCE {
thresholdRSRQ-OnAllISymbolsLow-r12
RSRQ-Range,
I thresholdRSRQ-OnAlISymbolsHigh-r12
RSRQ-Range
} OPTIONAL, -- Need OP
thresholdRSRQ-WB-r12 SEQUENCE {
thresholdRSRQ-WB-Low-r12 RSRQ-
Range,
i thresholdRSRQ-WB-High-r12 RSRQ-
Range
i } OPTIONAL, -- Need OP

SIB 17, ASN.1 (truncated and shows relevant part only)

In order to implement voice call continuity from VoLTE to another RAT, at the end
of LTE coverage, similar information may be used, in an RRC Connection
Release message, to that used for CS fallback switching (as highlighted in the
truncated version of the RRC Connection Release message shown below, only
the relevant part of which has been illustrated). For example the ‘voice call
continuity’ release cause for VOLTE may, for example, be implemented as a new

‘ReleaseCause’ in “spare1”.
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Similarly, to shorten the time required to connect to a 2G/3G RAT the assistance
information may comprise target cell system information that is the same, or
similar to the system information broadcast for CS fallback.

RRC Connection Release for CSFB redirection with system information
(ASN.1 truncated):

- ASN1START
RRCConnectionRelease-r8-IEs ::= SEQUENCE {
releaseCause ReleaseCause,
redirectedCarrierinfo RedirectedCarrierinfo OPTIONAL, -- Need
ON
idleModeMobilityControlinfo IdleModeMobilityControlinfo OPTIONAL,
nonCriticalExtension RRCConnectionRelease-v890-IEs OPTIONAL

-- Regular non critical extensions
RRCConnectionRelease-v920-1Es ::=  SEQUENCE {

cellinfolist-r9 CHOICE {
geran-r9 CellinfoListGERAN-r9,
utra-FDD-r9 CellinfoListUTRA-FDD-r9,
utra-TDD-r9 CellinfoListUTRA-TDD-r9,
utra-TDD-r10 CellinfoListUTRA-TDD-r10
} OPTIONAL, --Cond
Redirection
nonCriticalExtension RRCConnectionRelease-v1020-IEs OPTIONAL
1
ReleaseCause ::= ENUMERATED {loadBalancingTAUrequired,
other, cs-FallbackHighPriority-v1020, sparel}
CellinfoListGERAN-r9 ::= SEQUENCE (SIZE (1..maxCellinfoGERAN-r9)) OF CellinfoGERAN-r9
CellinfoGERAN-r9 ::= SEQUENCE {
physCellld-r9 PhysCellldGERAN,
carrierFreq-r9 CarrierFreqGERAN,
systeminformation-r9 SysteminfoListGERAN
1
CellinfoListUTRA-FDD-r9 ::= SEQUENCE (SIZE (1..maxCellinfoUTRA-r9)) OF CellinfoUTRA-FDD-
r9
CellinfoUTRA-FDD-r9 ::= SEQUENCE {
physCellld-r9 PhysCellldUTRA-FDD,
utra-BCCH-Container-r9 OCTET STRING
}
-- ASN1STOP

It will be appreciated that the determination of whether or not the signal
measurements meet the at least one criterion may be based on a comparison of
said signal measurements with at least one threshold. The at least one threshold
may comprise a signal strength threshold below which VoLTE communication is

not considered sustainable. For example, the at least one threshold may
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comprise at least one of a Reference Signal Received Power (RSRP) threshold,
a Reference Signal Received Quality (RSRQ) threshold, a Reference Signal
Strength Indicator (RSSI) threshold and a power headroom (PH) threshold.

It will be appreciated that when the communication device determines whether
VOLTE communication via the communication connection with the base station

can be sustained, the communication device may be in idle or connected mode.

The controller of the communication device may be further configured to control
the communication device to receive assistance information (e.g. indicating a
priority / priority order associated with the at least one non-LTE RAT and/or
comprising system information associated with the at least one non-LTE RAT) to
assist with the selection of and/or connection to at least one non-LTE radio
access technology (RAT) for establishing a voice call. In this case, the controller
may be further configured to control the communication device to select a non-
LTE RAT for the continuation of voice communication, based on the assistance
information. The controller of the communication device may be further
configured to control the communication device to connect to non-LTE RAT to

establish a voice call, based on the assistance information.

The at least one threshold may comprise a power headroom (PH) threshold and
the controller of the communication device may be further configured to control
the communication device transmit a PH report to the base station based on the
PH threshold.

The controller of base station may be further configured to control the base
station to: transmit, to the communication device, assistance information (e.g.
indicating a priority / priority order associated with at least one non-LTE RAT
and/or comprising system information associated with the at least one non-LTE
RAT) to assist with the selection of and/or connection to at least one non-LTE
radio access technology (RAT) for establishing a voice call.

It will be appreciated that the message indicating that the communication
connection cannot be sustained may comprise an indication that a cause of the
message is voice call continuity.

The communication device may provide the at least one result of the signal
measurements to the base station in a Radio Resource Control (RRC)
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Connection Complete message; and the message indicating that the
communication connection cannot be sustained may comprise an RRC
Connection Release message.

The communication device may provide the at least one result of the signal
measurements to the base station in a Radio Resource Control (RRC)
Connection Request message; and the message indicating that the
communication connection cannot be sustained may comprise an RRC

Connection Reject message.

The at least one result of the signal measurements may comprise an indicator
(e.g. a one bit indicator) to indicate whether or not the signal measurements meet

at least one pre-determined criterion.

The controller of the communication device may be further configured to control
the communication device to: determine whether or not the signal measurements
meet the at least one pre-determined criterion based on a comparison of said
signal measurements with at least one threshold. In this case, the at least one
threshold may be a signal strength threshold below which VoOLTE communication
is not considered sustainable.

The controller of the communication device may be further configured to control
the communication device to: provide the indication that a cause of the message
is voice call continuity to the non-LTE RAT when the communication connection
via the non-LTE RAT is established.

The controller of the communication device may be further configured to control
the communication device to: receive assistance information (e.g. indicating a
priority / priority order associated with the at least one non-LTE RAT and/or
comprising system information associated with the at least one non-LTE RAT) to
assist with the selection of and/or connection to the non-LTE RAT for establishing
or maintaining the voice call.

The controller of the communication device may be further configured to control
the communication device to: select the non-LTE RAT for the continuation of

voice communication, based on the assistance information.
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The controller of the communication device may be further configured to control
the communication device to: provide the indication that a cause of the message
is voice call continuity to the non-LTE RAT when the communication connection
via the non-LTE RAT is established.

The controller of the base station may be further configured to control the base
station to: transmit, to the communication device, assistance information (e.g.
indicating a priority / priority order associated with the at least one non-LTE RAT
and/or comprising system information associated with the at least one non-LTE
RAT) to assist with the selection of and/or connection to at least one non-LTE
radio access technology (RAT) for establishing a voice call.

The controller of the base station may be further configured to control the base
station to: transmit, to a mobility management entity (MME), a further message
indicating that the communication connection with the communication device
cannot be sustained.

The further message indicating that the communication connection with the
communication device cannot be sustained may comprise a notification that the
communication device may establish a communication connection via a non-LTE
RAT in order to establish or maintain a voice call via that non-LTE RAT.

According to an example, there is provided a method performed by a core
network node of a long term evolution (LTE) communication system, the method
comprising the steps of receiving, from a base station, information indicating a
communication connection associated with a voice over LTE (VOLTE) voice call
has been released and information indicating a possibility that said voice call will
be continued via another radio access technology (RAT); notifying an internet
protocol multimedia subsystem (IMS) that the communication connection
associated with the VOLTE voice call has been released; and notifying the IMS of
the possibility that said voice call will be continued via another RAT.

According to another example, there is provided a method performed by a
communication node of a Universal Terrestrial Radio Access Network (UTRAN),
the method comprising the steps of receiving, from an internet protocol
multimedia subsystem (IMS), information for supporting the continuation of a

voice call via a radio access technology (RAT) of the UTRAN, wherein a voice
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over LTE (VoLTE) connection over which the voice call was previously being
provided has been released, and wherein said information comprises context
information associated with the VoLTE connection.

Various other modifications will be apparent to those skilled in the art and will not
be described in further detail here.
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CLAIMS

A communication device for a long term evolution (LTE) communication
system, the communication device comprising:

a controller and a transceiver, wherein the controller is configured to
control the communication device to:

establish and engage in Voice over LTE (VoLTE) communication via a

communication connection with a base station:;

obtain information indicating at least one criterion for determining whether
VOLTE communication via the communication connection with the base
station can be sustained;

perform signal measurements for signals received from the base station;
and

determine whether VOLTE communication via the communication
connection with the base station can be sustained based on whether or

not the signal measurements meet the at least one criterion.

A communication device according to claim 1, wherein the determination
of whether or not the signal measurements meet the at least one criterion
is based on a comparison of said signal measurements with at least one
threshold.

A communication device according to claim 2, wherein the at least one
threshold comprises a signal strength threshold below which VoLTE
communication is not considered sustainable.

A communication device according to claim 3, wherein the at least one
threshold comprises at least one of a Reference Signal Received Power
(RSRP) threshold, a Reference Signal Received Quality (RSRQ)
threshold, a Reference Signal Strength Indicator (RSSI) threshold and a
power headroom (PH) threshold.

A communication device according to any of claims 1 to 4, wherein the
controller is further configured to control the communication device to
receive assistance information (e.g. indicating a priority / priority order
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associated with the at least one non-LTE RAT and/or comprising system
information associated with the at least one non-LTE RAT) to assist with
the selection of and/or connection to at least one non-LTE radio access
technology (RAT) for establishing a voice call.

A communication device according to claim 5, wherein the controller is
further configured to control the communication device to select a non-LTE
RAT for the continuation of voice communication, based on the assistance
information.

A communication device according to claim 5 or 6, wherein the controller
is further configured to control the communication device to connect to
non-LTE RAT to establish a voice call, based on the assistance
information.

A communication device according to any of claims 1 to 7, wherein the at
least one threshold comprises a power headroom (PH) threshold and
wherein the controller is further configured to control the communication
device transmit a PH report to the base station based on the PH threshold.

A base station for a long term evolution (LTE) communication system, the
base station comprising:

a controller and a transceiver, wherein the controller is configured to
control the base station to:

establish and engage in Voice over LTE (VoLTE) communication via a
communication connection with a communication device; and

transmit, to the communication device, information indicating a criterion for
determining whether VOLTE communication via a communication
connection with a base station can be sustained.

A base station according to claim 9, wherein the controller is further
configured to control the base station to: transmit, to the communication
device, assistance information (e.g. indicating a priority / priority order
associated with at least one non-LTE RAT and/or comprising system
information associated with the at least one non-LTE RAT) to assist with
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the selection of and/or connection to at least one non-LTE radio access

technology (RAT) for establishing a voice call.

A communication device for a long term evolution (LTE) communication
system, the communication device comprising:

a controller and a transceiver, wherein the controller is configured to
control the communication device to:

establish and engage in Voice over LTE (VoLTE) communication via a
communication connection with a base station:;

perform signal measurements for signals received from the base station;

provide at least one result of said signal measurements, to the base
station, while the communication device is engaged in an attempt to
establish VoLTE communication via the communication connection;

receive, from the base station, responsive to provision of said results, a
message indicating that the communication connection cannot be

sustained: and

establish, on receipt of said message indicating that the communication
connection cannot be sustained, a communication connection via a non-
LTE radio access technology (RAT) in order to establish or maintain a
voice call via that non-LTE RAT.

A communication device according to claim 11, wherein the message
indicating that the communication connection cannot be sustained
comprises an indication that a cause of the message is voice call

continuity.

A communication device according to claim 11 or 12, wherein the at least
one result of said signal measurements are provided to the base station in
a Radio Resource Control (RRC) Connection Complete message; and
wherein the message indicating that the communication connection cannot
be sustained comprises an RRC Connection Release message.

A communication device according to claim 11 or 12, wherein the at least

one result of said signal measurements are provided to the base station in
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a Radio Resource Control (RRC) Connection Request message; and
wherein the message indicating that the communication connection cannot
be sustained comprises an RRC Connection Reject message.

A communication device according to any of claims 11 to 14, wherein said
at least one result of the signal measurements comprises an indicator (e.g.
a one bit indicator) to indicate whether or not the signal measurements

meet at least one pre-determined criterion.

A communication device according to any of claims 11 to 15, wherein the
controller is further configured to control the communication device to:
determine whether or not the signal measurements meet the at least one
pre-determined criterion based on a comparison of said signal
measurements with at least one threshold.

A communication device according to claim 16, wherein the at least one
threshold is a signal strength threshold below which VoOLTE
communication is not considered sustainable.

A communication device according to any of claims 12 to 17, wherein the
controller is further configured to control the communication device to:
provide the indication that a cause of the message is voice call continuity
to the non-LTE RAT when the communication connection via the non-LTE
RAT is established.

A base station for a long term evolution (LTE) communication system, the
base station comprising:

a controller and a transceiver, wherein the controller is configured to
control the base station to:

establish and engage in Voice over LTE (VoLTE) communication via a

communication connection with a communication device;

receive, from the communication device, while the base station is engaged
in an attempt to establish VOLTE communication via the communication
connection, at least one result of signal measurements made by the

communication device;
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determine, based on the received at least one result of the signal
measurements, whether or not the communication connection can be
sustained; and

transmit, to the communication device, when it has been determined that
the communication connection cannot be sustained, a message indicating

that the communication connection cannot be sustained.

A communication device for a long term evolution (LTE) communication

system, the communication device comprising:

a controller and a transceiver wherein the controller is configured to
control the communication device to:

setup and engage in VOLTE communication via a communication
connection with a base station;

receive, when the communication device is engaged in at least one of:
(i) ongoing VOLTE communication via the communication connection; and
(i) an attempt to establish VOLTE communication via the communication
connection, from the base station, a message indicating that the
communication connection cannot be sustained, wherein the message
comprises an indication that a cause of the message is voice call

continuity; and

establish, on receipt of said message indicating that the communication
connection cannot be sustained, a communication connection via a non-
LTE radio access technology (RAT) in order to establish or maintain a
voice call via that non-LTE radio access technology (RAT).

A communication device according to claim 20, wherein the controller is
further configured to control the communication device to: receive
assistance information (e.g. indicating a priority / priority order associated
with the at least one non-LTE RAT and/or comprising system information
associated with the at least one non-LTE RAT) to assist with the selection
of and/or connection to the non-LTE RAT for establishing or maintaining

the voice call.
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A communication device according to any of claims 20 or 21, wherein the
controller is further configured to control the communication device to:
select the non-LTE RAT for the continuation of voice communication,
based on the assistance information.

A communication device according to any of claims 20 to 22, wherein the
controller is further configured to control the communication device to:
provide the indication that a cause of the message is voice call continuity
to the non-LTE RAT when the communication connection via the non-LTE
RAT is established.

A base station for a long term evolution (LTE) communication system, the

base station comprising:

a controller and a transceiver wherein the controller is configured to
control the base station to:

establish and engage in VOLTE communication via a communication

connection with a communication device;

determine, when the base station is engaged in at least one of: (i) ongoing
VoLTE communication via the communication connection; and (ii) an
attempt to establish VOLTE communication via the communication
connection, that the communication connection cannot be sustained; and

transmit, to the communication device, when it has been determined that
the communication connection cannot be sustained, a message indicating
that the communication connection cannot be sustained, wherein the
message comprises an indication that a cause of the message is voice
call continuity.

A base station according to claim 24, wherein the controller is further
configured to control the base station to: transmit, to the communication
device, assistance information (e.g. indicating a priority / priority order
associated with the at least one non-LTE RAT and/or comprising system
information associated with the at least one non-LTE RAT) to assist with
the selection of and/or connection to at least one non-LTE radio access
technology (RAT) for establishing a voice call.
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A base station according to claim 24 or 25, wherein the controller is further
configured to control the base station to: transmit, to a mobility
management entity (MME), a further message indicating that the
communication connection with the communication device cannot be
sustained.

A base station according to claim 26, wherein the further message
indicating that the communication connection with the communication
device cannot be sustained comprises a notification that the
communication device may establish a communication connection via a
non-LTE RAT in order to establish or maintain a voice call via that non-
LTE RAT.

A method performed by a communication device operable to establish and
engage in Voice over LTE (VOLTE) communication via a communication
connection with a base station, the method comprising the steps of:

obtaining information indicating at least one criterion for determining
whether VOLTE communication via the communication connection with the
base station can be sustained:;

performing signal measurements for signals received from the base
station; and

determining whether VOLTE communication via the communication
connection with the base station can be sustained based on whether or

not the signal measurements meet the at least one criterion.

A method performed by a base station operable to establish and engage
in Voice over LTE (VoLTE) communication via a communication
connection with a communication device, the method comprising the step
of:

transmitting, to the communication device, information indicating a
criterion for determining whether VOLTE communication via a
communication connection with a base station can be sustained.
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A method performed by a communication device operable to establish and
engage in Voice over LTE (VOLTE) communication via a communication
connection with a base station, the method comprising the steps of:

performing signal measurements for signals received from the base
station;

providing at least one result of said signal measurements, to the base
station, while the communication device is engaged in an attempt to
establish VoLTE communication via the communication connection;

receiving, from the base station, responsive to provision of said results, a
message indicating that the communication connection cannot be
sustained; and

establishing, on receipt of said message indicating that the communication
connection cannot be sustained, a communication connection via a non-
LTE radio access technology (RAT) in order to establish or maintain a
voice call via that non-LTE RAT.

A method performed by a base station operable to establish and engage
in Voice over LTE (VoLTE) communication via a communication
connection with a communication device, the method comprising the steps
of:

receiving, from the communication device, while the base station is
engaged in an attempt to establish VOLTE communication via the
communication connection, at least one result of signal measurements
made by the communication device;

determining, based on the received at least one result of the signal
measurements, whether or not the communication connection can be
sustained; and

transmitting, to the communication device, when it has been determined
that the communication connection cannot be sustained, a message
indicating that the communication connection cannot be sustained.
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A method performed by a communication device operable to establish and
engage in Voice over LTE (VOLTE) communication via a communication
connection with a base station, the method comprising the steps of:

receiving, when the communication device is engaged in at least one of:
(i) ongoing VOLTE communication via the communication connection; and
(i) an attempt to establish VOLTE communication via the communication
connection, from the base station, a message indicating that the
communication connection cannot be sustained, wherein the message
comprises an indication that a cause of the message is voice call
continuity; and

establishing, on receipt of said message indicating that the communication
connection cannot be sustained, a communication connection via a non-
LTE radio access technology (RAT) in order to establish or maintain a
voice call via that non-LTE radio access technology (RAT).

A method performed by a base station operable to establish and engage
in Voice over LTE (VoLTE) communication via a communication
connection with a communication device, the method comprising the steps
of:

determining, when the base station is engaged in at least one of. (i)
ongoing VoLTE communication via the communication connection; and (ii)
an attempt to establish VOLTE communication via the communication
connection, that the communication connection cannot be sustained; and

transmitting, to the communication device, when it has been determined
that the communication connection cannot be sustained, a message
indicating that the communication connection cannot be sustained,
wherein the message comprises an indication that a cause of the
message is voice call continuity.

A long term evolution (LTE) communication system, comprising:
a communication device comprising:

a controller and a transceiver, wherein the controller is configured

to control the communication device to:
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establish and engage in Voice over LTE (VoLTE) communication

via a communication connection with a base station;

obtain information indicating at least one criterion for determining
whether VOLTE communication via the communication connection
with the base station can be sustained;

perform signal measurements for signals received from the base
station; and

determine whether VoLTE communication via the communication
connection with the base station can be sustained based on
whether or not the signal measurements meet the at least one
criterion; and

a base station comprising:

a controller and a transceiver, wherein the controller is configured
to control the base station to:

establish and engage in Voice over LTE (VOLTE) communication
via the communication connection with the communication device;
and

transmit, to the communication device, information indicating the
criterion for determining whether VOLTE communication via a

communication connection with a base station can be sustained.

A long term evolution (LTE) communication system, comprising:

a communication device comprising:

a controller and a transceiver, wherein the controller is configured
to control the communication device to:

establish and engage in Voice over LTE (VoLTE) communication

via a communication connection with a base station;

perform signal measurements for signals received from the base
station;
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provide at least one result of said signal measurements, to the
base station, while the communication device is engaged in an
attempt to establish VOLTE communication via the communication

connection;

receive, from the base station, responsive to provision of said
results, a message indicating that the communication connection

cannot be sustained; and

establish, on receipt of said message indicating that the
communication connection cannot be sustained, a communication
connection via a non-LTE radio access technology (RAT) in order

to establish or maintain a voice call via that non-LTE RAT; and

a base station comprising:

a controller and a transceiver, wherein the controller is configured
to control the base station to:

establish and engage in Voice over LTE (VoOLTE) communication
via the communication connection with the communication device;

receive, from the communication device, while the base station is
engaged in an attempt to establish VOLTE communication via the
communication connection, at l|east one result of signal
measurements made by the communication device;

determine, based on the received at least one result of the signal
measurements, whether or not the communication connection can
be sustained; and

transmit, to the communication device, when it has been
determined that the communication connection cannot be
sustained, a message indicating that the communication
connection cannot be sustained.

A long term evolution (LTE) communication system, comprising:

a communication device comprising:
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a controller and a transceiver, wherein the controller is configured
to control the communication device to:

setup and engage in VOLTE communication via a communication
connection with a base station;

receive, when the communication device is engaged in at least one
of. (i) ongoing VOLTE communication via the communication
connection; and (ii) an attempt to establish VOLTE communication
via the communication connection, from the base station, a
message indicating that the communication connection cannot be
sustained, wherein the message comprises an indication that a

cause of the message is voice call continuity; and

establish, on receipt of said message indicating that the
communication connection cannot be sustained, a communication
connection via a non-LTE radio access technology (RAT) in order
to establish or maintain a voice call via that non-LTE radio access
technology (RAT); and

a base station comprising:

a controller and a transceiver, wherein the controller is configured
to control the base station to:

establish and engage in VOLTE communication via the
communication connection with the communication device;

determine, when the base station is engaged in at least one of: (i)
ongoing VoLTE communication via the communication connection;
and (i) an attempt to establish VOLTE communication via the
communication connection, that the communication connection

cannot be sustained; and

transmit, to the communication device, when it has been
determined that the communication connection cannot be
sustained, a message indicating that the communication
connection cannot be sustained, wherein the message comprises

an indication that a cause of the message is voice call continuity.
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A core network node of a long term evolution (LTE) communication
system, the core network node comprising a controller, wherein the
controller is configured to control the core network node to:

receive, from a base station, information indicating a communication
connection associated with a voice over LTE (VOLTE) voice call has been
released and information indicating a possibility that said voice call will be

continued via another radio access technology (RAT);

notify an internet protocol multimedia subsystem (IMS) that the
communication connection associated with the VoLTE voice call has been
released; and

notify the IMS of the possibility that said voice call will be continued via
another RAT.

A communication node of a Universal Terrestrial Radio Access Network
(UTRAN), the communication node comprising a controller, wherein the
controller is configured to control the communication node to:

receive, from an internet protocol multimedia subsystem (IMS),
information for supporting the continuation of a voice call via a radio
access technology (RAT) of the UTRAN, wherein a voice over LTE
(VOLTE) connection over which the voice call was previously being
provided has been released, and wherein said information comprises
context information associated with the VoLTE connection.
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