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SLEEP-STATE AND

SERVICE INITIATION FOR MOBILE TERMINAL

FIELD OF THE INVENTION

The invention relates to the initiation of a service to a mobile terminal capable of
communicating via at least a first and second access network. Further, the invention
relates to a reduction of power consumption of mobile terminals supporting connectivity
to at least two access networks. The invention also relates to mobile communication
systems and in particular to mobile communications through heterogeneous access

networks.

TECHNICAL BACKGROUND

In 3GPP the evolution of the UMTS architecture is discussed in 3GPP TR 23.882, “3GPP
System Architecture Evolution: Report on Technical Options and Conclusions”, V. 1.0.0
(available at http://www.3gpp.org), incorporated herein by reference. The motivation for
the evolution is - among others - the development of a new air interface and the support
for mobility between heterogeneous access networks.

An exemplary logical high-level architecture for the evolved system is shown in Fig. 1
and comprises at first an Inter Access System Anchor (Inter AS Anchor), being a user
plane anchor for mobility between different access systems and supporting handover
between different access systems. Functions of the anchor are, e.g.

. Packet routing and forwarding,

. Authentication, authorization and key management,

. Policy and Charging Enforcement Function,

. Gateway to PDNs, including IP address allocation from PDN address space

Furthermore the architecture comprises a Mobility Management Entity (MME) and User
Plane Entity (UPE). The functions of the MME are, e.g.,

. Management and storage of UE control plane context,
- Mobility management,
. Authentication, authorization and key management,
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" Ciphering/integrity termination for signalling,
. Management and allocation of temporary user identities,

and the functions of the UPE are, e.g.,

. Management and storage of UE user plane context

. Packet routing and forwarding,

. Policy and Charging Enforcement Function,

. Ciphering termination for user plane traffic,

. Trigger/initiation of paging when downlink data arrive for the UE in idle state.

The MME, UPE and Inter AS Anchor are logical entities, i.e. the functionalities can be,
e.g., deployed in different physical entities or combined in one single physical entity.
Furthermore it is possible to have multiple MMEs, UPEs or anchors within one operator
domain. Thus, with multiple MMEs/UPEs the data packet route from the anchor to the
UE can be optimized, or the load can be shared between different MMEs/UPEs. In
addition the network can provide connectivity to different PDNs (Packet Data Networks)

over one or multiple Inter AS Anchors in the operator domain.

In the evolved system, the terminal (UE) must be registered (attached) with the network
to receive services that require registration. During the first registration with the network,
a Default IP Access Service is established, the UE is provided with an IP address and a
default context (comprising e.g. UE/user identities, mobility state, tracking area, security
parameters, QoS information, internal routing information and other parameters) is

established in the network.

Further, in order to be able to send and receive user data, the UE must be in an active
state with the 3GPP interface. In this state a radio connection is established and the UE
reports measurements and requirements to the base station. Then, bearers are
established between the UE and the network, carrying first the signalling and later the

user data.

During mobility in active state the UE continuously measures the signal strength of
neighbouring cells and sends measurement reports to the network. When the network
decides to use a new base station, it establishes a new radio link and triggers the UE to

handover to the new base station.

In addition to the active state a mode with lower power consumption is supported. This
mode is called idle state and is used when no user data is sent or received. In idle state
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the cell reselection is performed by the UE and only tracking area (TA) changes are
registered with the network (i.e., not every cell change is reported to the network). The
network does not know the actual location of the UE on cell-level, but only on TA-level. In
idle state UE related contexts are deleted in the 3GPP radio access network (RAN) and it

is possible to page the UE.

For the sake of completeness the state where the location of the UE in the 3GPP radio
coverage is not known by the network at all (e.g. the UE is switched off) is the detached

state.

In case a service requested by the terminal requires a specific QoS, which cannot be
provided by the Default IP Access Service, additional bearer services are required. For
this purpose, either the UE or the network requests additional resources. For example, in
case of IMS services (see 3GPP TS 23.228, “|P Multimedia Subsystem (IMS), Stage 2",
V. 7.2.0, available at http://www.3gpp.org, incorporated herein by reference), QoS
requirements are signalled during application signalling, the Policy and Charging Rules
Function (PCRF - see 3GPP TS 23.203, “Policy and charging control architecture”, V.
0.4.0, available at http://www.3gpp.org, incorporated herein by reference) authorizes the
QoS and triggers the resource establishment. At the MME/UPE the UE’s subscription is
checked, admission control is performed and the resource establishment is initiated
towards the RAN.

As mentioned above, the evolved system supports access to 3GPP services from non-
3GPP radio access technologies as well. For this purpose either the inter AS Anchor
provides an IP interface and a UE can connect from a non-3GPP access system to the
anchor directly via the IP interface, or another gateway provides the IP interface the UE
is connected to, and the gateway is further connected to the Inter AS Anchor. Because of
the IP connectivity between the UE and the gateway/anchor over a non-3GPP network,
the connection is connectionless and unreliable. Thus, the Inter AS Anchor is not aware

whether the UE is reachable or not.

For mobility between 3GPP and non-3GPP radio access technologies a UE with
multimode capabilities is required. When the UE performs a handover from 3GPP to non-
3GPP, the Inter AS anchor is informed about the location of the UE (e.g. in form of an IP
address assigned to the terminal in the non-3GPP network or in form of another identifier
of a tunnel endpoint the terminal is connected to). In addition to the location information
the Inter AS anchor is provided with information about the user data packets (e.g. IP
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flows or packets marked with specific DiffServ Codepoint) to be transferred to the UE
over the non-3GPP network.

The decision, which user data packets can be transferred over the non-3GPP network
may e.g. depend on user subscription or operator policies. For example for Voice over
IMS (VoIMS) low delay is the main QoS requirement. The connection to a non-3GPP
radio access technology may however provide high data throughput but with highly
variable delay. Thus this connection should not be used for the VoIMS service. In case
the operator employs different Inter AS Anchors for different services (e.g. one Inter AS
Anchor for IMS services and another Inter AS Anchor for Internet services), one Inter AS
Anchor might not provide the service for non-3GPP radio access technologies and thus
not support mobility to non-3GPP (see Inter AS Anchor 1 in Fig. 2).

In one exemplary scenario a multimode UE has a non-3GPP and a 3GPP network
interface and has an activate connection over the non-3GPP radio access technology.
Furthermore, the UE wants to receive a service where either policies forbid to use the
non-3GPP radio access technology or QoS requirements can not be met in the non-
3GPP radio access technology. Hence, the 3GPP network interface must be used for

this service.

For being able to receive the 3GPP service over the 3GPP network, the UE must be
either in active or in idle state. In the former case, the service activation and service
delivery can start immediately. In the latter case, the UE is listening to paging messages
and can set up a bearer after being paged. However in either states, the power
consumption of the UE is significantly increased, because the 3GPP interface is active
even when only the non-3GPP interface is used.

A work-around considered in an exemplary embodiment of the invention is to deactivate
the 3GPP interface of the UE (i.e. the UE is detached) and to trigger the activation of the
3GPP interface over the non-3GPP network connection. Then, when the 3GPP interface
is activated, resources can be set up and the application can be used. But with this
solution the problem arises that the service activation is delayed until the connection with

the selected 3GPP access network is completely established.

Hence, another potential problem is support of fast establishment for incoming
connections over the 3GPP radio access and to enable low power consumption for
multimode UEs at the same.
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SUMMARY OF THE INVENTION

The object of the invention is to provide an improved method for initiating services to

mobile terminals and/or to reduce power consumption of mobile terminals.

The object is solved by the subject matter of the independent claims. Advantageous

embodiments of the invention are subject matters to the dependent claims.

One main aspect of the invention is the introduction of a new state called sleep state to
reduce the power consumption. In one exemplary embodiment of the invention, the
interface of a mobile terminal to a first access network is powered off (similar to detached
state) to reduce power consumption but some context information of the mobile terminal

is still stored in the network (similar to idle) to speed up service activation at later time.

One embodiment of the invention related to a method for initiating a service to a mobile
terminal capable of communicating via at least a first and second access network. The
mobile terminal has IP connectivity to the first access network and is in a sleep state in
the second access network. For example, at least one of these two access networks may
be a radio access network, such as a 3GPP-based (e.g. E-UTRAN, HSPA, UTRAN, etc.)
or non-3GPP-based (e.g. WLAN, CDMA 2000, WiMAX, etc.) radio access.

The mobile terminal receives or transmits a service request through the first access
network, and starts initiation of the service by control signaling through the first access
network. The mobile terminal may further receive a command to activate the mobile
terminal's interface to the second access network for service provision via the first
access network, and may activate its interface to the second access network for
continuing the initiation of the service or for receiving service data through the second
access network. In an exemplary embodiment of the invention, activating the mobile
terminal's interface to the second access network is similar to transiting into an active
state for the second access network by the mobile terminal.

In a further embodiment of the invention, the method suggest to further set up a radio
connection for service provision between the mobile terminal and the second access
network upon activation of the mobile terminal's interface to the second access network.
Thereupon, a routing entity in a core network may be informed on setup of the radio
connection.
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In another embodiment of the invention the mobile terminal has been assigned a first IP
address for communication through the first access network and a second IP address for
communication through the second network prior to receiving the service request. The
mobile terminal may use the first IP address as a care-of address for receiving data

addressed to the second IP address.

In sleep state, the mobile terminal's interface to the second access network is
deactivated. Alternatively, the mobile terminal periodically receives broadcast system
information from the second access network and/or does not transmit any uplink data to

the second access network while in sleep state.

In a further embodiment of the invention, the command to activate the mobile terminal's
radio interface comprises radio access network parameters for use by the mobile

terminal.

Moreover, the invention provides another embodiment related to method for initiating a
service for a mobile terminal through a first access network. In this embodiment, the
mobile terminal has IP connectivity to a second access network and is in a sleep state in
the first access network. A network entity in a core network, which could for example be
an IP mobility management entity, transmits a service initiation request through the
second access network to the mobile terminal. Alternatively, the service request may be

received from the mobile terminal at the network entity.

Thereupon, initiation of the service by control signaling with the mobile terminal through
the second access network is started. Further, system resources for providing the
requested service are established in the first access network, and the network entity may
transmit a command to the mobile terminal to activate its interface to the first access

network, wherein the command is transmitted through the second access network.

In another embodiment of the invention, the network entity may receive a message
indicating that the mobile terminal has established a radio connection to the first access
network upon having transmitted the activation command, and routes service-related
data destined to the mobile terminal through the first access network upon having
received the message.

The advantage of the operation described above is that service initiation may be already
started (and possibly even service provision) through the second access network, while
resources in the first access network are being configured and the mobile terminal
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reactivates its interface to the first access network. As soon as the resources for service
provision (and for finishing service initiation) are established in the first access network,
the distribution path for service related data may be switched from the second to the first

access network.

In order to provide data to the mobile terminal prior to activating its interface to the first
access network, another embodiment of the invention foresees that a care-of address is
registered previous to service initiation by the mobile terminal at an |IP mobility
management entity in the core network. This care-of address is used for packet

transmissions to the mobile terminal through the second access network.

In a further embodiment of the invention a network entity of the core network may further
determine whether to utilize the first or the second access network to provide the
requested service to the mobile terminal, and the transmission of the command to
activate the interface to the first access network and the configuration of system

resources are performed, if it is decided to utilize the first access network.

Another embodiment of the invention foresees that the command to activate the mobile
terminal's radio interface is transmitted by a network entity of the core network and
comprises radio access network parameters for use by the mobile terminal. The radio
access network parameters may speed up the setup of a connection to the first access
network upon activating the interface by the mobile terminal.

In a variation of this embodiment, the radio access network parameters have been
received by the network entity during configuration of system resources in the first
access network from a mobility management and/or user plane entity to be serving the

mobile terminal in the first access network.

A further embodiment of the invention foresees that a mobility management and/or user
plane entity to be serving the mobile terminal in service provision through the first access
network is determined. Moreover, in another embodiment of the invention also radio
access parameters of the mobile terminal for service provision through the first access
network may be determined. The radio access service parameters may for example
include the service radio cell to be serving the mobile terminal in service provision.

In another advantageous embodiment of the invention the configuration of system
resources comprises transmitting context information to a mobility management and/or
user plane entity in the core network serving the mobile terminal in service provision
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through the first access network. For example, this context information may have been
buffered in a network entity of the core network having mobility management and/or user

plane entity functionality upon the mobile terminal transiting into sleep state.

In an alternative embodiment of the invention, a command to reactivate a context is
transmitted to the mobility management and/or user plane entity to be serving the mobile

terminal.

According to another alternative embodiment of the invention, a mobility management
and/or user plane entity that has been serving the mobile terminal upon transiting into
sleep state is instructed to transfer a context to the mobility management and/or user

plane entity to be serving the mobile terminal.

Another embodiment of the invention relates to a method for reducing the power
consumption of a mobile terminal supporting connectivity to at least two access
networks. For example, at least one of these two access networks may be a radio
access network, such as a 3GPP-based (e.g. E-UTRAN, HSPA, UTRAN, etc.) or non-
3GPP-based (e.g. WLAN, CDMA 2000, WiMAX, etc.) radio access.

According to the embodiment the mobile terminal attaches to a first network. Thereby,
the mobile terminal obtains an IP address for use in communication through the first
access network. The IP address is then registered as a care-of address of the mobile
terminal at an IP mobility management entity that is providing |P mobility management

functionality to the mobile terminal.

Upon having registered the care-of address at the IP mobility management entity, the
mobile terminal may transit into a sleep state for communication via a second access
network.

In a further embodiment of the invention, the mobile terminal may attach to the second
access network. In this attachment procedure, the mobile terminal may obtain an IP
address for use in communication through the network. The IP address obtained when
attaching to the first access network may be used as the care-of address, when transiting

into sleep state.

In an exemplary embodiment the mobile terminal deactivates its air interface to the
second access network in sleep state. Alternatively, in sleep state, the mobile terminal
periodically receives broadcast system information from the second access network
and/or does not transmit any uplink data to the second access network.
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In another embodiment of the invention, a tracking area is assigned to the mobile
terminal within the first radio access network. The tracking area may for example allow

paging the mobile terminal through the first access network.

In a further embodiment of the invention, a network entity in the core network requests
context information from a mobility management and/or user plane entity serving the
mobile terminal in the second access network when transiting into sleep state.

In another embodiment of the invention, context information may be buffered/stored in
the network entity for later use in service provision to the mobile terminal through the

second access network.

An alternative to storing the context in the network entity may be the deactivation of a
context at a mobility management and/or user plane entity in the core network serving

the mobile terminal when transiting into sleep state.

Upon having registered the care-of address for the mobile terminal, it may be further
advantageous to redirect data traffic directed to the mobile terminal to a gateway for

provision to the mobile terminal through the first access network.

According to another embodiment the availability of the mobile terminal is checked
through the first access network. For example, the mobility management entity may
check the availability on an event triggered basis or periodically.

Further, in situations where connectivity to the first access network is lost or no data is
transferred, it may be beneficial to reactivate the interface to the second access network.
Therefore, another embodiment of the invention proposed that the mobile terminal
activates its interface to the second access network in response to a timeout of a timer or
if no data have been received via the interface to the first access network for a
predetermined time span. Further, upon determining that connectivity to the first access
network has been lost or no data is transferred, the interface may be (optionally)

deactivated.

According to another embodiment of the invention, attaching to the first access network
comprises transmitting a message from the mobile terminal to the IP mobility
management entity to register the obtained IP address as the care-of address for an |IP
address of the mobile terminal to be used for communication through the second access

network.
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Moreover, one embodiment of the invention further foresee to obtain an IP address to be
used by the mobile terminal for communication through the second access network when

authenticating the mobile terminal in the first access network.

In another embodiment of the invention, the mobile terminal may be informed on an IP
address to be used for communication through the second access network when

attaching to the first access network.

Further, in another embodiment of the invention it is foreseen to generate a context at a
mobility management and/or user plane entity within a core network connected to the

first and second access network.

Alternatively, a mobility management and/or user plane entity within a core network
connected to the first and second access network may be instructed by the IP mobility

management entity to generate a context .

Further, when authenticating the mobile terminal in the first access network an
identification of the IP mobility management entity may be obtained according to another

embodiment of the invention.

In the embodiments described herein, the first and the second access network may use

different access technologies.

Another embodiment of the invention is related to a mobile terminal capable of
communicating via at least a first and second access network and having IP connectivity
to the first access network and is in a sleep state in the second access network. The
mobile terminal comprises a transceiver for receiving or transmitting a service request
through the first access network, and for starting initiation of the service by control
signaling through the first access network. The transceiver may be further operated to
receive a command to activate the mobile terminal's interface to the second access
network for service provision via the first access network. Further, the mobile terminal
may comprise a controlling unit for activating the mobile terminal’ interface to the second
access network for continuing the initiation of the service or for receiving service data

through the second access network.

Another embodiment of the invention relates to a network comprising at least one
network element that can be operated to participate in the method according to one of
the various embodiments described herein.
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Another embodiment of the invention provides a further mobile terminal that is supporting
connectivity to at least two access networks. The mobile terminal comprises a
transceiver for attaching the mobile terminal to a first network, thereby obtaining an IP
address for the mobile terminal for use in communication through the first access
network, and for registering the IP address as a care-of address of the mobile terminal at
an |IP mobility management entity, wherein the IP mobility management entity provides
IP mobility management functionality to the mobile terminal. Further the terminal includes
a processor for transiting into a sleep state for communication via the second access
network upon having registered the care-of address at the IP mobility management

entity.

In another embodiment of the invention the mobile terminal is further operated to perform
the steps of the method according to one of the various embodiments described herein.

BRIEF DESCRIPTION OF THE FIGURES

In the following the invention is described in more detail in reference to the attached
figures and drawings. Similar or corresponding details in the figures are marked with the

same reference numerals.
Fig. 1 &2 show examples of evolved 3GPP architectures,

Fig. 3 shows another exemplary 3GPP architecture according to another
embodiment of the invention where different functional entities are

combined in Inter AS anchors,

Fig. 4 shows the different states a mobile terminal may be in and the possible
transitions from one state to the other according to an embodiment of the

invention,

Fig. 5 shows an exemplary flowchart of a mobile terminal transiting into sleep
state according to an exemplary embodiment of the invention,

Fig. 6 shows an exemplary flowchart of the operations performed by the mobile
terminal and the core network when initiating a service to the mobile in

sleep state according to an embodiment of the invention,
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Fig. 7

Fig. 8

Fig. 9

Fig. 10

Fig. 11

Fig. 12

Fig. 13

12

shows other exemplary flowchart of the operations performed by the
mobile terminal and the core network when transiting the mobile terminal

into sleep state according to an embodiment of the invention,

shows an exemplary signaling procedure for attaching a mobile terminal
to a 3GPP-based access network according to an exemplary

embodiment of the invention,

shows an exemplary signaling procedure for attaching a mobile terminal
to a non-3GPP-based access network according to an exemplary

embodiment of the invention,

shows an exemplary signaling procedure for transiting a mobile terminal
from active state to idle state according to an exemplary embodiment of

the invention,

shows an exemplary signaling procedure for transiting a mobile terminal
from idle state to sleep state according to an exemplary embodiment of

the invention,

shows an exemplary signaling procedure for initiating a service to a
mobile terminal in sleep state according to an exemplary embodiment of

the invention, and

shows an exemplary overview of the sequence signaling procedures as

shown in Fig. 8 to 12.

DETAILED DESCRIPTION OF THE INVENTION

One aspect of the invention is the introduction of a sleep state. A mobile terminal capable

of communicating/accessing two access networks may be transited into sleep state for

one of the access networks to reduce power consumption, while the terminal maintains

connected via the other access network. Obviously, it is advantageous to enter into sleep

state only if no services are currently running through the access network for which the

mobile terminal wants to transit to sleep state or if running services may be redirected

through the other access network.

Another aspect of the invention is to speed up service initiation for a service to be

provided to the mobile terminal through the access network for which the mobile terminal
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is in sleep state. For this purpose, system resources are configured in the access
network for which the mobile terminal is in sleep state while service initiation is already

started through the other access network.

The principles outlined herein may also be advantageously used in heterogeneous
networks, as for example outlined in the technical background section above.

To facilitate the establishment of system resources for the service an embodiment of the
invention foresees that context information of the access network for which the mobile
terminal is in sleep state may be maintained for the mobile terminal in the network even
in sleep state. Upon service activation, the context information may be advantageously
used to establish the system resources for the service. As soon as the resources are
established (i.e. the mobile terminal enters active state for the access network through
which the service is to be provided), the distribution path for service data and service
related signaling may be switched to route the packets through the now activated access

network to the mobile terminal.

The context information depends on the core network entity. For example, a context in a
mobility management entity may for example comprise mobility states, authentication
information, ciphering information, temporary IDs assigned to the mobile terminal for use
in the access network for which the mobile terminal is in sleep state, QoS related
information, etc. When establishing a context in the user plane entity, the context may for
example comprise parameters of the IP bearer service or network internal routing

information.

The different embodiments of the invention may be implemented in a system architecture
as shown in Fig. 1 and 2. It should be noted that herein the term "entity" denotes a
functional unit within the radio access network or core network. Hence, it is possible that
several of these functional entities are combined in a single (physical) network element.
In this respect, Fig. 3 shows another exemplary 3GPP architecture according to another
embodiment of the invention where different functional entities are combined in Inter AS

anchors.

Further, a mobility management entity (MME) denotes a functional entity managing
mobility of terminal according to the protocols used in a respective access network (and
core network - depending on the architecture) that is served by the mobility management
entity. Similarly, an IP mobility management entity denotes an entity supporting IP
mobility. Examples of IP mobility management entities are the functional entities
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specified in the Mobile IPv6 or Mobile IPv4 protocol that are commonly referred to as the

"home agent” and "foreign agent”.

It should be understood that in the context of this invention a mobile terminal is a terminal
that may be connected to various networks as the user of the terminal moves. Hence,
the term "mobile" is not intended to limit to the invention to its use in combination with

technologies having a radio/air interface.

Fig. 4 shows the different states a mobile terminal may be in and the possible transitions
from one state to the other according to an embodiment of the invention. The definitions
of the active state, idle state and detached state are similar to those described in the
technical background section. The sleep state suggested by the invention is a new state
which enables reducing power consumption of the terminal while allowing fast service

activation as will be explained herein.

In one embodiment the sleep state is defined as a state where the mobile terminal
deactivates its interface to an access network. A mobile terminal being in sleep state in
an access network means that the mobile terminal has deactivated its interface to this
access network. If completely deactivating the interface, the mobile terminal receives and
transmits no data through this interface, which is thus the potentially most efficient form

of saving power in sleep state.

Another alternative definition of the sleep state is that the mobile terminal does not
completely deactivate the interface to a particular access network but activates the
interface for example periodically to receive system broadcast information from the
network. However, no uplink data is transmitted by the mobile terminal through the

access network for which it is in sleep state.

Fig. 5 shows an exemplary flowchart of a mobile terminal transiting into sleep state
according to an exemplary embodiment of the invention. First, the mobile terminal is
attached 501, 502 to a first and a second access network, or attaches thereto. When
attaching to the access networks, the mobile terminal selects or is assigned an IP
address that it is using for communication through a respective one of the access

networks.

For example, the first access network may be the home network of the mobile terminal
(e.g. an 3GPP network). When using Mobile IP terminology, IP address #1 can also be
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referred to as the home address (HoA) of the mobile terminal in its home network

according to this example.

The second access network could be for example wireless or wired non-3GPP access
network, such as a WLAN access network or a (A)DSL network that the user of the
terminal utilizes at home, at a hotspot, at an airport, hotel, etc. The second IP address #2
may be thus an IP address assigned to the mobile terminal for use in communication
through the second access network. When using Mobile [P terminology again, the
second access network may also be referred to as a visited network and the network

may comprise a foreign agent to support IP-layer mobility.

Upon having decided or having been instructed to transit to a sleep state for the first
access network, the mobile terminal registers 503 its IP address #2 of the second
(visited) network as its care-of address at an IP mobility management entity located in a
core network connected to the first and second access network. In a variation, this
registration of a care-of address will also result in a rerouting of data directed to the

mobile terminal's IP address #1 through the second access network.

Having received a confirmation for the registration of the care-of address, the mobile

terminal may enter 504 into sleep state.

Further, in another embodiment the attachment to the first access network has also
established context information within the individual network entities of the first access
network. According to this embodiment, this context information may be preserved by
buffering their content within the network so as to speed up service setup through the
first access network when receiving a service request requiring data transport through
the first access network, e.g. due to the service's QoS requirements.

In order to preserve the context information on the mobile terminal's IP connectivity in the
first access network, the context may be transferred to a mobility management and/or
user plane entity serving the mobile terminal. In this case the network entities having
maintained the context information in the first access network (and core network) may

delete the context information.

The removal of context information in the network entity/entities serving the mobile
terminal in communication through the first access network may be advantageous, as
malfunctioning of paging the mobile terminal can be avoided. Typically, in case a network
entity (for example a mobility management and/or user plane entity) maintains a context
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for a mobile terminal (for example in idle state), it also assumes that the mobile terminal
may be paged through its network (the first access network). However, in sleep state the
mobile terminal may have deactivated its interface to the first access network, so that
paging is no longer possible. To resolve this situation, the transfer of the context to
another mobility management and/or user plane entity serving the mobile terminal may

be beneficial.

An alternative solution could be an enhancement of the network entity/entities serving
the mobile terminal in the first access network. In this case, the network entity/entities
may maintain the context information but will reroute paging requests through the second
access network as long as the mobile terminal is in sleep state for the first access
network.

Fig. 6 shows an exemplary flowchart of the operations performed by the mobile terminal
and the core network when initiating a service to the mobile in sleep state according to

an embodiment of the invention,

In this example, it is assumed that the mobile terminal is 601 in sleep state for access
network #1 while maintaining connectivity through access network #2. Generally, a
service request may be received 611 at a responsible network entity in the core network
from the mobile terminal or from another requesting user or entity. Steps 602 and 612

are thus only performed, if the mobile terminal is not initiating the service.

In this example, the network entity informs the mobile terminal on the requested service
by sending 612 a service initiation request to the mobile terminal through the second
access network (access network #2). The mobile terminal received 602 the service
initiation request, and may start 603, 613 service initiation through access network #2.
For example, the service may be initiated by SIP signaling as specified in IETF RFC
3261, “SIP: Session Initiation Protocol”, incorporated herein by reference (available at
http://www.ietf.org) or any other signaling protocol allowing to setup an application layer

service.

Further, it may be decided 614 within the core network, whether the service constraints
require the use of the first access network for service provision or not. For exemplary
purposes it is assumed that due to QoS constraints associated to the service, the first
access network (access network #1) is to be used for the service. Therefore, as a next
step the resources for service provision are established 615 in the first access network

(and also in the core network, if required).
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When for example assuming an architecture as shown in Fig. 1 and that an IMS service
is to be provided to the mobile terminal, the network configures all necessary resources
along the distribution path (e.g. Inter AS anchor 102 — UPE 104 — (enhanced) NodeB)
in the wired part of the network by establishing the appropriate contexts within the
network.

Upon having finished resource reservation, the mobile terminal is instructed 616 to
activate its interface to access network #1, i.e. to transit to active state. This command
may for example also include RAN parameters that allow the mobile terminal to establish
a connection to the access network #1 faster than using the access network-specific
procedures for transiting into active state. For example, the RAN parameters may include
at least one of a scrambling code, frequency information, power control information,

depending on the type of the radio access.

Upon reception of the activation command 604 at the mobile terminal, same will activate
605 the interface to access network #1. This activation may for example include the
establishment of the service bearer(s) required for communicating service related user

plane and control plane data through access network #1.

In a variation of the embodiment outlined with respect to Fig. 6, it is assumed that mobile
terminal related context information have been preserved in the network while the mobile
terminal has been in sleep state as explained above. The setup of service resources in
access network #1 may be speed up when communicating the buffered context
information to the relevant network entities along the distribution path towards the mobile

terminal through access network #1.

For example, assuming that Inter AS anchor 102 in Fig. 1 has MME/UPE functionality
and has preserved the context information it may provide the context information to MME
103 and UPE 104 when establishing the system resources. Similarly, the MME 103
and/or UPE 104 may forward relevant context information to the downstream entities in

access network #1.

As the mobile terminal may have moved and may no longer be served by the "old"
MME/UPE, the Inter AS anchor 102 may determine which new MME/UPE is now serving
the mobile terminal. Accordingly, the context information will be provided to the
determined MME/UPE. If for example, the "old" MME/UPE preserved the context, the
Inter AS anchor 102 may instruct the "old" MME/UPE to forward the context information
to the new MME/UPE. If the "old" MME/UPE is also now serving the mobile terminal, it
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may be instructed to reactivate the context, i.e. set the mobile terminal status back to

active state.

Another alternative embodiment of the invention provides a solution where the initial
attachment of the mobile terminal to access network #1 is not necessary. Fig. 7 shows
other exemplary flowchart of the operations performed by the mobile terminal and the
core network according to this embodiment of the invention when transiting the mobile
terminal into sleep state. The terminal first attaches 701 to access network #2 and
obtains an IP address #2 assigned 711 to it by the responsible network entity of access
network #2 (or the core network). Upon having attached to access network #2, the
mobile terminal performs authentication 702, 712 with the access network #2.

In an advantageous variation of this embodiment, the mobile terminal provides
information to the participating network entity in access network #2 in the authentication
signaling such that the network entity may identify the home network (access network #1
/ core network) of the mobile terminal. This could allow the network entity to identify the
IP mobility management entity of the home network and optionally to obtain an IP

address #1 (home address) for the mobile terminal on behalf of same.

Alternatively, the mobile terminal may directly identify the IP maobility management entity
in the authentication signaling and/or may choose an IP address to utilize for

communication with its home network.

In any case, the maobile terminal may proceed and register 703 the |P address for access
network #2 as its care-of address at the IP mobility management entity in its home
network. The registration of the care-of address may alternatively performed 713 by the
network entity in access network #2 authenticating the mobile terminal. Upon registration
of the care-of address, the mobile terminal may enter into sleep state for its home
network (access network #1). It should be noted that the home agent of the mobile
terminal does not have to be located in the core network attached to access network #1
and #2. If for example both access networks are visited networks, the request for
registration of the care-of address is provided to the mobile terminal's home agent in its
home network.

As no attachment to access network #1 (home network) has been performed, no context
information for the mobile terminal for communication through access network #1 is
available. To speed up the setup of a service to be provided through access network #1,
the IP mobility management entity in the home network (core network) will generate or
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initiate the generation of context information for later resources reservation. Upon service
initiation this context information may be provided to the network entity/network entities
along the distribution path in access network #1, as has been explained with respect to

Fig. 6 above.

In the following, details of the procedure for fast service activation of a multimode UE
with reduced power consumption according to different embodiments of the invention are
described. It should be noted that in these example, it is assumed that a first access
network for which the mobile terminal may enter sleep state is a 3GPP enabled network,
while the second access network is a non-3GPP enabled network. However, the
principles outlined in the following would not be limited to being only applicable to this

exemplary scenario.

Fig. 13 shows high level signaling of the procedure and gives an overview of the
sequence signaling procedures as shown in Fig. 8 to 12. The mobile terminal is referred
to as a User Equipment (UE). As the UE is capable of communicating with 3GPP
enabled and non-3GPP enabled networks in this example, it is also referred to as a

multimode UE.

According to an exemplary embodiment of the invention, the UE first attaches to the
3GPP Radio Access Network (RAN), and subsequently discovers and selects a non-
3GPP RAN. Further, the UE establishes a connection to the non-3GPP RAN.

Next, the UE goes to idle state with the 3GPP radio interface. Subsequently, the UE's
transiting into sleep state is initiated to further reduce power consumption. Then a new
service request is incoming for the 3GPP interface, and in the following the fast transition

from the sleep state to active state is performed.

The steps briefly explained above will be elaborated on in the following referring to the

exemplary procedures shown in Fig. 8 to 12.

Fig. 8 shows an exemplary signaling procedure for attaching a mobile terminal to a
3GPP-based access network according to an exemplary embodiment of the invention.

Upon the UE having discovered and selected the 3GPP Access System in step 1, for
example after power on, the UE attaches to the 3GPP network. This is done by sending
an attach request to the 3GPP network in step 2, which may for example include an old
temporary ID of the UE previously used in the network or alternatively an permanent ID



10

15

20

25

30

WO 2007/110138 PCT/EP2007/002028
20

of the UE, e.g. the IMSI. Further, the UE may suggest a preferred IP address for use in

the request.

The MME/UPE receiving the request may subsequently (step 3) allocate temporary IDs
to the UE. In addition, the last registered Tracking Area (TA) of the UE is stored in the
MME/UPE (i.e. network element providing MME and/or UPE functionality). Subsequently
the UE may be authenticated (step 4) in the network and the MME registers at the
AAA/HSS server (step 5). Upon the UE and the Network (MME/UPE) are mutually
authenticated and -the MME/UPE having registered as serving the UE at the HSS/AAA,
the HSS/AAA confirms the registration (step 6), and transfers subscription data, and
policy and charging control information to the MME/UPE. This information may for
example be maintained in a UE related context within MME/UPE.

Next, an Inter AS Anchor is selected (step 7). This may for example be done by the
MME/UPE based on information transferred in an attach request from the UE. In this
process the IP address to be used by the UE for IP-based communication through the

3GPP network is determined.

In step 8, the Default IP Access Bearer QoS may be configured and in step 9 the UE is
informed on its IP address. Typically, assuming that the 3GPP network is the UE's home
network, this IP address is the IP Home Address (HoA) of the UE. Otherwise the
assigned IP address is a care-of address CoA that would have to be registered at the
UE's home agent (HA) in the UE's home network.

Upon having received a confirmation of the UE's attachment (step 10) the User Plane
route between eNodeB and MME/UPE and also the route (path) between MME/UPE and
Inter AS Anchor is updated (step 11). This may for example be realized by Binding
Update / Binding Acknowledgement messages. Then, user plane traffic can be
transferred to the UE (step 12).

Fig. 9 shows an exemplary signaling procedure for attaching a mobile terminal to a non-
3GPP-based access network according to an exemplary embodiment of the invention.
Upon having attached to the 3GPP network, the UE may select (step 1) a non-3GPP
Access System, for example a WLAN Access Network.

Then, a local IP address is assigned to the UE, either by a gateway (e.g. the PDG -
Packet Data Gateway) or by other means. If the gateway assigns the address, it may for
example interrogate the user's Home AAA server to authenticate/authorize the user. In
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this communication, the gateway may receive the Inter AS Anchor IP address and the
UE's HoA and may inform the UE about the Inter AS Anchor IP address and the UE'’s
HoA.

After the UE is authenticated/authorized (step 3) at the gateway, the UE or the gateway
sends (step 4) a Location Update (e.g. Binding Update of MIPv6 - see IETF RFC 3775,
“Mobility Support in IPv6", incorporated herein by reference, available at
http://www.ietf.org) to the Inter AS Anchor. The Location Update may also comprise
additional location information apart from an |P address. The Location Update may also
comprise filter rules about the services or flows that should be transferred to the UE over
the non-3GPP Access System. Alternatively, the filter rules may be requested from a
PCREF or additional rules are transferred from the PCRF to the Inter AS Anchor.

Then, the Inter AS Anchor authenticates (step 5) the UE and replies with an
Acknowledgement (MIPv6 Binding Update Acknowledge) (step 6).

Fig. 10 shows an exemplary signaling procedure for transiting a mobile terminal from
active state to idle state according to an exemplary embodiment of the invention. In case
the UE is not using the 3GPP Access System (step 1), i.e. no user data packets are
transferred, the MME/UPE or the eNodeB may trigger (step 2) the UE to go to idle state.
In this state the mapping between temporary and permanent user IDs and the last
registered TA is stored in the MME/UPE. When the UE moves to another cell and
changes the TA, it may perform TA registration procedure (step 3), i.e. a connection with
the 3GPP Access System is established and the new TA is signalled to the MME/UPE.

Fig. 11 shows an exemplary signaling procedure for transiting a mobile terminal from idle
state to sleep state according to an exemplary embodiment of the invention. For
exemplary purposes, a network as shown in Fig. 2 is assumed to explain the operations
of the UE and network when transiting the UE from idle state to sleep state.

Since the UE has an active non-3GPP connection established and the 3GPP Access
System is not used (idle state), the UE or the network may decide (step 1) to further
reduce the power consumption and the signalling load on the radio link and in the
network. The decision can be made, for example based on an expired timer that has

been started upon the UE entering idle state.

For entering the sleep state, the UE sends (step 2) a message to the Inter AS Anchor 2
(e.g. a MIPv6 Binding Update, including a temp |ID and the old MME/UPE) to trigger Inter
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AS Anchor 2 to register itself as new non-3GPP AS MME/UPE for the UE in sleep state.
In this example, it is also assumed that Inter AS Anchor 2 (non-3GPP AS Anchor)
)provides MME and UPE functions (non-3GPP AS MME/UPE). It is also possible, that
the non-3GPP Inter AS Anchor 2's MME/UPE functions are logically separated from the

Inter AS Anchor in another network entity/other network entities.

In order to differentiate the 3GPP Access System registration from the non-3GPP Access
System registration in the new non-3GPP AS MME/UPE, the Inter AS Anchor may
allocate (step 3) a special TA for the non-3GPP Access System, which is e.g. stored in
the non-3GPP AS MME/UPE.

According to one exemplary implementation, the non-3GPP AS Anchor's MME function
may send (step 4) the temp ID of the UE to the old network entity with MME/UPE
function that has been serving the UE so far. The old MME/UPE may respond by
sending (step 5) the UE's context (including, e.g., the permanent user ID, security and IP
connectivity parameters) to the new non-3GPP AS MME/UPE. The temporary ID of the
UE provided in step 4 is thereby used to identify the UE and context.

In an alternative implementation, the non-3GPP AS MME/UPE may command the old
3GPP AS MME/UPE to preserve the context information for the UE. In this
implementation, the 3GPP AS MME/UPE would indicate the sleep state in the UE
context and may update the User Plane route to pass all data directed to the UE through
non-3GPP AS Anchor 2. Further, the 3GPP AS MME/UPE may indicate in their UE
context that the UE can no longer be contacted (e.g. paged) through the 3GPP network,

so that all service request need to be redirected through the non-3GPP network.

The Inter AS Anchor further triggers the non-3GPP AS MME/UPE to register itself as
new MME/UPE for the UE in idle state. In step 6, the non-3GPP AS MME/UPE sends a
registration message to the HSS which will confirm (step 7) the registration. Further, Inter
AS Anchor 2 confirms (step 8) the registration with the UE (e.g., with a MIPv6 Binding
Update Acknowledgment). Upon receiving the confirmation, the UE may enter into sleep

state (step 10).

In case the UE was connected to multiple Inter AS Anchors and it is required that these
anchors keep located on the user plane path, the path between these Inter AS Anchors
and the Inter AS Anchor serving the non-3GPP connection is updated (step 9).
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Because the connection over the non-3GPP Access System is unreliable, the Inter AS
Anchor 2 may optionally check (step 11) the reachability of the UE, e.g. with periodically
sending MIPv6 Binding Refresh Request messages, which must be answered by the UE
with Binding Update. If the UE is not reachable over the non-3GPP interface anymore
(e.g., because it has moved out of WLAN coverage - which could e.g. be detected by the
UE not answering a given number of consecutive Binding Refresh Request messages),
Inter AS Anchor 2 triggers the transition back to idle state in the 3GPP network. Also, if
the UE does not receive reachability messages anymore for some time, it may reactivate
its 3GPP interface and transits back to 3GPP idle state.

Fig. 12 shows an exemplary signaling procedure for initiating a service to a mobile
terminal in sleep state according to an exemplary embodiment of the invention. In case a
call/service (e.g. IMS or MBMS - see for example 3GPP TS 23.246, “Multimedia
Broadcast/Multicast Service (MBMS); Architecture and functional description”, V. 6.9.0,
incorporated herein by reference, available at http://www.3gpp.org) only receivable over
the 3GPP Access System is incoming or is initiated by the UE in sleep state (step 1),
Inter AS Anchor 2 may detect this based on pre-established filter rules (e.g. SIP request
is detected - see IETF RFC 3261) and starts the transition to 3GPP active state for the
UE. Only receivable vie the 3GPP Access System may for example mean that the non-
3GPP AS is not capable of providing the service at all, not at requested/required QoS
parameters associated to the service, UE policy and billing rules or AAA constraints
require the provision through the 3GPP network.

In case of an incoming call/service, the Inter AS Anchor 2 forwards or tunnels the
call/service signalling for initiating the call/service to the UE through the non-3GPP
Access System (step 2). Regardless whether it is an incoming or UE-initiated
call/service, the UE begins with the service establishment using the non-3GPP Access

System connection.

At the same time the non-3GPP AS MME/UPE functionality of Inter AS Anchor 2 may
select (step 3) new network entities with MME/UPE functionality (new MME/UPE) to be
serving the RAN nodes the UE is going to use. This could for example be accomplished
by mapping available non-3GPP AS location information (e.g., derived from the
topologically correct IP address assigned to UE’s non-3GPP network interface) to the
correspondent TA and RAN nodes in the 3GPP AS. In this latter case, the non-3GPP AS

may be a stationary access system (e.g. ADSL connection).
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Alternatively, if the 3GPP cell coverage is larger than the coverage of the non-3GPP AS
(WLAN hotspot), the NodeB serving the UE may probably be the same than before
switching to the non-3GPP AS. If no location information mapping is possible, the non-
3GPP AS MME/UPE may select a default MME/UPE serving all RAN nodes in the
network for the purpose of fast 3GPP activation of multimode UEs in sleep state. In this
case, after the 3GPP radio connection is established, the default MME/UPE can
handover the UE to a better MME/UPE (i.e., closer to the UE).

Furthermore, the non-3GPP AS MME/UPE triggers (step 4) the new MME/UPE to setup
resources for the call/service. The new MME/UPE sends (step 5) a resource preparation
request to the relevant nodes, e.g. the NodeB, in case information about the
corresponding RAN nodes is available. Alternatively the non-3GPP AS MME/UPE or
Inter AS Anchor 2 triggers the other involved Inter AS Anchors to setup resources.

The eNodeB and the MME/UPE confirm (steps 6 and 7) the resource preparation to the
non-3GPP AS MME/UPE (including, e.g., IP address assigned by MME/UPE, preferred
TA and other parameters). In response to the confirmation, Inter AS Anchor 2 sends
(step 8) a 3GPP radio activation command message to the UE to instruct the UE to
transit from sleep state to active state. E.g. this activation command may be included in a
MIPv6 Binding Refresh Request with the IP address assigned by the new MME/UPE,
preferred TA, serving cell and other parameters) that is transmitted to the UE via the
non-3GPP access network. In response to the command, the UE activates the 3GPP
radio interface and establishes synchronization with the 3GPP Radio Access Network
and the 3GPP connection for service delivery (step 9). The RAN node (e.g. eNodeB)
may send (step 10) an activation complete message to the new MME/UPE and the new
MME/UPE indicates (step 11) the completion of the 3GPP radio connection setup to the
non-3GPP AS MME/UPE.

Next, the user plane between UE, new UPE and Inter AS Anchor 1 (or Inter AS Anchors,
when multiple are involved) is updated (step 12). This may typically include the update to
the user plane route (compare step 9 in Fig. 11, where the user plane has been
redirected through the non-3GPP access network). Finally, the new MME may update
(step 13) the location with the HSS/AAA that confirms (step 14) the registration.
Optionally, the HSS/AAA may inform the non-3GPP MME/UPE that the UE context may
be deleted.
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The contents of the messages exchanged during resource setup in steps 4 to 7 may
depend on the strategy used to preserve the UE context in 3GPP sleep state. If the
context has been transferred to the non-3GPP MME/UPE as suggested in Fig. 11, the
resource preparation request in step 4 may include the context information to aid the new
MME setting up the resources.

If preserving the UE context in the MME/UPE that has been serving the UE before
transiting to sleep state (old MME/UPE), operation will depend on whether this old
MME/UPE is still serving the UE when receiving the call/service. If so, the old and new
MME/UPE may simply reactivate the context upon receiving the resource preparation

request. Further, it may also update the user plane route.

If the new MME/UPE does not correspond to the old MME/UPE; the non-3GPP
MME/UPE may instruct the old MME/UPE to initiate resource establishment for the
service. The old MME/UPE may then instruct the new MME/UPE to setup the resources

and may include the preserved context information to the request.

Another optional implementation detail is a trigger for transiting from sleep state to idle
state by the UE. When the UE is inactive over the non-3GPP Access System connection
for some time (e.g. detected by time-out), the network or the UE may decide to transit
back to idle state in the 3GPP AS, i.e. the UE will (re)activate its air interface to the
3GPP AS. The UE may also deactivate the non-3GPP radio interface to save power. The
UE may perform a TA update, which results in the UE context information being
transferred from the non-3GPP AS MME/UPE to the new MME/UPE serving the UE in
the 3GPP AS.

The advantage of moving back to idle mode is that the power consumption of an inactive,
but activated non-3GPP Access System connection can be noticeable higher than the

power consumption of a 3GPP interface in idle state.

In some previous embodiments of the invention, it has been assumed that non-3GPP AS
MME/UPE and Inter AS Anchor are separated so that signaling between the entities has
been required. In another embodiment of the invention, instead of using a separate non-
3GPP AS MME/UPE, also the old MME/UPE can be used to store the sleep state as
indicated above. In case of an incoming call/service, the old MME/UPE detects based on
the sleep state that non-3GPP Access System connection is active and thus forwards the
packets to the Inter AS Anchor serving the non-3GPP Access System connection.



10

15

20

25

30

WO 2007/110138 PCT/EP2007/002028
26

Further, it has also been assumed in some embodiments of the invention that the 3GPP
radio interface of the multimode UE in sleep state is switched off. In another embodiment
of the invention the UE does not switch off the 3GPP radio interface completely.
According to this embodiment the UE may listen periodically to broadcast system
information and only stops sending messages over the 3GPP radio interface, e.g. no
location updates are sent over the 3GPP radio interface when moving. Instead, location
changes of the 3GPP radio interface (e.g. TA changes or even cell changes) are
signalled over the active non-3GPP Access System connection. This reduces the power
consumption of the multimode UE, because no 3GPP radio connection must be
established specifically for location updates and also the amount of signalling in the
3GPP network is reduced. This procedure has the additional advantage that it is
possible to have fast service activation and reduced power consumption even when the
topological location of the non-3GPP network interface cannot be used to derive the

topological location of the 3GPP network interface.

In some embodiments of the invention it has been assumed that the multimode UE
attaches to the 3GPP Access Network using a 3GPP radio connection. In another
embodiment of the invention the UE is attaching to the 3GPP Access Network using the
non-3GPP Access Network connection. First the UE attaches to the non-3GPP Access
Network, it is provided with a local IP address and additionally - e.g. during
authentication the UE - with a home IP address. After registration of the local IP address
as the care-of address, the UE or the network may trigger the Inter AS Anchor to
establish context information for the UE in the non-3GPP AS MME/UPE and to set the
mobility state to sleep. Furthermore, the UE may connect to other anchors providing
connectivity to other services using the non-3GPP Access Network connection and the
non-3GPP AS MME/UPE as MME/UPE. Then, the UE can receive services via the
3GPP Access Network and transit from sleep to active.

In previous embodiments of the invention it has been assumed, that the Inter AS Anchor
of the multimode UE providing non-3GPP AS MME/UPE functionality is in the home
network of the UE and is connected to both, the 3GPP Access Network and to the non-
3GPP Access Network. In another embodiment of the invention the Inter AS Anchor is in
a visited network. The visited network has a connection to one Access Network (e.g. the
non-3GPP Access Network) and another network (e.g. the home network) has a
connection to the other Access Network (e.g. the 3GPP Access Network).
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Another embodiment of the invention relates to the implementation of the above
described various embodiments using hardware and software. It is recognized that the
various embodiments of the invention may be implemented or performed using
computing devices (processors). A computing device or processor may for example be
general purpose processors, digital signal processors (DSP), application specific
integrated circuits (ASIC), field programmable gate arrays (FPGA) or other
programmable logic devices, etc. The various embodiments of the invention may also be
performed or embodied by a combination of these devices.

Further, the various embodiments of the invention may also be implemented by means of
software modules, which are executed by a processor or directly in hardware. Also a
combination of software modules and a hardware implementation may be possible. The
software modules may be stored on any kind of computer readable storage media, for
example RAM, EPROM, EEPROM, flash memory, registers, hard disks, CD-ROM, DVD,
etc.
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A method for initiating a service to a mobile terminal capable of
communicating via at least a first and second access network, wherein the
mobile terminal has IP connectivity to the first access network and is in a

sleep state in the second access network, the method comprising the steps:

receiving at or transmitting by the mobile terminal a service request through

the first access network,

starting initiation of the service by control signaling through the first access

network,

receiving at the mobile terminal via the first access network a command to
activate the mobile terminal's interface to the second access network for

service provision, and

activating by the mobile terminal its interface to the second access network
for continuing the initiation of the service or for receiving service data through

the second access network.

The method according to claim 1, further comprising the step of setting up a
radio connection for service provision between the mobile terminal and the
second access network upon activation of the mobile terminal's interface to
the second access network.

The method according to claim 2, further comprising the step of informing a

routing entity in a core network on setup of the radio connection.

The method according to one of claims 1 to 3, wherein the mobile terminal
has been assigned a first IP address for communication through the first
access network and a second IP address for communication through the

second network prior to receiving the service request.

The method according to claim 4, wherein the mobile terminal uses the first IP
address as a care-of address for receiving data addressed to the second IP

address.
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The method according to one of claims 1 to 5, wherein the mobile terminal's

interface to the second access network is deactivated while in sleep state.

The method according to one of claims 1 to 5, wherein the mobile terminal
periodically receives broadcast system information from the second access
network and/or does not transmit any uplink data to the second access

network while in sleep state.

The method according to one of claims 1 to 7, wherein the mobile terminal
transits to an active state by activating its interface to the second access

network.

The method according to one of claims 1 to 8, wherein the command to
activate the mobile terminal's radio interface comprises radio access network

parameters for use by the mobile terminal.

A method for initiating a service for a mobile terminal through a first access
network, wherein the mobile terminal has IP connectivity to a second access
network and is in a sleep state in the first access network, the method

comprising the steps:

transmitting by a network entity in a core network to the mobile terminal or
receiving from the mobile terminal at the network entity a service initiation

request through the second access network,

starting initiation of the service by control signaling with the mobile terminal

through the second access network,

configuring system resources in the first access network for service provision,

and

transmitting from the network entity a command to the mobile terminal to
activate its interface to the first access network, wherein the command is
transmitted through the second access network.

The method according to claim 10, further comprising the steps of:

receiving by the network entity a message indicating that the mobile terminal
has established a radio connection to the first access network upon having

transmitted the activation command, and
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routing service-related data destined to the mobile terminal through the first

access network upon having received the message.

The method according to claim 10 or 11, wherein a care-of address registered
previous to service initiation by the mobile terminal at a IP mobility
management entity in the core network is used for packet transmissions to

the mobile terminal through the second access network.

The method according to one of claims 10 to 12, further comprising the step
of determining at a network entity of the core network whether to utilize the
first or the second access network to provide the requested service to the

mobile terminal, and

wherein the transmission of the command to activate the interface to the first
access network and the configuration of system resources are performed, if it

is decided to utilize the first access network.

The method according to one of claims 10 to 13, wherein the command to
activate the mobile terminal's radio interface is transmitted by a network entity
of the core network and comprises radio access network parameters for use

by the mobile terminal.

The method according to claim 14, wherein said radio access network
parameters have been received by the network entity during configuration of
system resources in the first access network from a mobility management
and/or user plane entity to be serving the mobile terminal in the first access
network.

The method according to one of claims 10 to 15, further comprising the step
of determining a mobility management and/or user plane entity to be serving

the mobile terminal in service provision through the first access network.

The method according to one of claims 10 to 16, further comprising the step
of determining radio access parameters of the mobile terminal for service

provision through the first access network.

The method according to claim 17, wherein the radio access service
parameters include the service radio cell to be serving the mobile terminal in

service provision.
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The method according to one of claims 10 to 18, wherein configuration of
system resources comprises transmitting context information to a mobility
management and/or user plane entity in the core network serving the mobile

terminal in service provision through the first access network..

The method according to claim 19, wherein the context information have been
buffered in a network entity of the core network having mobility management

functionality upon the mobile terminal transiting into sleep state.

The method according to claim 16, further comprising the step of transmitting
to the mobility management and/or user plane entity to be serving the mobile
terminal a command to reactivate a context for communication through the

first access network.

The method according to claim 16, further comprising the step of instructing a
mobility management and/or user plane entity that has been serving the
mobile terminal upon transiting into sleep state to transfer a context for
communication through the first access network to the mobility management

and/or user plane entity to be serving the mobile terminal.

A method for reducing the power consumption of a mobile terminal supporting
connectivity to at least two access networks, the method comprising the steps

of:

attaching the mobile terminal to a first network, thereby obtaining an IP
address for the mobile terminal for use in communication through the first

access network,

registering the IP address as a care-of address of the mobile terminal at an IP
mobility management entity, wherein the |IP mobility management entity
provides IP mobility management functionality to the mobile terminal, and

upon having registered the care-of address at the IP mobility management
entity, transiting by the mobile terminal into a sleep state for communication

via a second access network.

The method according to claim 23, further comprising the step of attaching

the mobile terminal to the second access network.
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The method according to claim 23 or 24, wherein in the sleep state the mobile

terminal deactivates its air interface to the second access network.

The method according to claim 25, wherein in the sleep state the mobile
terminal periodically receives broadcast system information from the second
access network and/or does not transmit any uplink data to the second

access network.

The method according to one of claim 23 to 26, further comprising the step of
assigning a tracking area to the mobile terminal within the first radio access
network.

The method according to one of claims 23 to 27, further comprising the step
of requesting by a network entity in the core network context information from
a mobility management and/or user plane entity serving the mobile terminal in

the second access network when transiting into sleep state.

The method according to claim 28, further comprising the step of buffering the
context information in the network entity for later use in service provision to

the mobile terminal through the second access network.

The method according to one of claims 23 to 29, further comprising the step
of deactivating a context at a mobility management and/or user plane entity in

the core network serving the mobile terminal when transiting into sleep state.

The method according to one of claims 28 to 30, further comprising the step
of redirecting data traffic directed to the mobile terminal to a gateway for
provision to the mobile terminal through the first access network.

The method according to one of claims 23 to 31, further comprising the step
of checking the availability of the mobile terminal through the first access

network.

The method according to claim 32, wherein the mobility management and/or
user plane entity checks the availabilty on an event triggered basis or

periodically.
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The method according to one of claims 23 to 33, further comprising the step
of activating the interface to the second access network by the mobile
terminal in response to a timeout of a timer or if no data have been received

via the interface to the first access network for a predetermined time span.

The method according to claim 23, wherein attaching to the first access
network comprises transmitting a message from the mobile terminal to the IP
mobility management entity to register the obtained IP address as the care-of
address for an IP address of the mobile terminal to be used for

communication through the second access network.

The method according to claim 23, further comprising the step of obtaining an
IP address to be used by the mobile terminal for communication through the
second access network when authenticating the mobile terminal in the first

access network.

The method according to claim 23 or 36, wherein the attaching to the first
access network comprises informing the mobile terminal on an IP address to

be used for communication through the second access network.

The method according to claim 23, 36 or 37, further comprising the step of
generating a context at a mobility management and/or user plane entity within

a core network connected to the first and second access network.

The method according to claim 23, 36 or 37, further comprising the step of
instructing a mobility management and/or user plane entity within a core
network connected to the first and second access network to generate a
context by the IP mobility management entity.

The method according to claim 23, 36, 37, 38 or 39, further comprising the
step of obtaining an identification of the IP mobility management entity when

authenticating the mobile terminal in the first access network.

The method according to one of claims 1 to 40, wherein the first and the

second access network use different access technologies.

The method according to one of claims 1 to 42, wherein one of the first and
second access networks is a 3GPP based radio access network and the
other access network is a non-3GPP based access network.
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A mobile terminal capable of communicating via at least a first and second
access network and having IP connectivity to the first access network and is
in a sleep state in the second access network, the mobile terminal

comprising:

a transceiver for receiving or transmitting a service request through the first
access network, and for starting initiation of the service by control signaling

through the first access network,

the transceiver being adapted to receive a command to activate the mobile
terminal's interface to the second access network for service provision via the

first access network, and

a controlling unit for activating the mobile terminal' interface to the second
access network for continuing the initiation of the service or for receiving

service data through the second access network.

The mobile terminal according to claim 43, further comprising means adapted
to perform the steps of the method according to one of claims 2 to 9.

A network comprising at least one network element adapted to perform the
method according to one of claims 10 to 22.

A mobile terminal supporting connectivity to at least two access networks

comprising:

a transceiver for attaching the mobile terminal to a first network, thereby
obtaining an IP address for the mobile terminal for use in communication

through the first access network, and

for registering the IP address as a care-of address of the mobile terminal at
an IP mobility management entity, wherein the IP mobility management entity

provides IP mobility management functionality to the mobile terminal, and

a processor for transiting into a sleep state for communication via the second
access network upon having registered the care-of address at the IP mobility

management entity.
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*0* document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu—
other means ments, such combination being obvious to a person skilled
*P* document published prior to the intemational filing date but in the art.
later than the priority date claimed '&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the interational search report
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the whole document
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ELECTRONICS NV [NL]; MELPIGNANO DIEGO
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Box Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authorlty, namely:

2. D Claims Nos.:
because they relate to parts of the International Application that do not comply with the prescribed requirements to such
an extent that no meaningful International Search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventlons in this international application, as follows:

see additional sheet

1. As all required additional search fees were timely paid by the applicant, this International Search Report covers all
searchable claims.

2. D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. As only some of the required additional search fees were timely paid by the applicant, this International Search Report
covers only those claims for which fees were pald, speclfically claims Nos.:
4, No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-4, 6-11, 13-22, 41-4b
Remark on Protest D The additional search fees were accompanied by the applicant's protest.

l:l No protest accompanled the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM  PCT/ASA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international apptlication, as follows:

1. claims: 1-4,6-11,13-22,41-45

Method, apparatus, and system for initiating a service to a
mobile terminal capable of communicating via a plurality of
access networks, where sections of said mobile terminal can
enter sleep mode, and where a command is sent to activate
some of the sleeping sections.

2. claims: 1,4,5,10,12,23-42,46

Method, apparatus, and system for initiating a service to a
mobile terminal capable of communicating via a plurality of
access networks, where sections of said mobile terminal can
enter sleep mode, and where an IP address is used as a
care-of-address.
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