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DESCRIPTION

TECHNICAL FIELD

[0001] The invention relates to methods and device for detecting when a mobile terminal is in
a state where it is incapable of replying to a message.

BACKGROUND

[0002] In 3GPP wireless technologies, for example Global System for Mobile communications
(GSM), Universal Mobile Telecommunication System (UMTS), and Long Term Evolution (LTE),
the Radio Resource Control (RRC) protocol handles the control plane signalling of Layer 3
between the User Equipment (UE) and the Radio Access Network (RAN), i.e. the network
residing between the UE and core network. In UMTS, the RAN is referred to as UMTS
Terrestrial Radio Access Network (UTRAN) and comprises the NodeBs and Radio Network
Controllers (RNCs), whereas in LTE the RAN is referred to as Evolved UMTS Terrestrial Radio
Access Network (E-UTRAN) and comprises the evolved NodeBs (eNodeBs).

[0003] The RRC protocols includes for example:

« Functions for connection establishment and release,

» Broadcast of system information,

» Radio bearer establishment/reconfiguration and release,
+ RRC connection mobility procedures,

» Paging notification and release,

« Quter loop power control.

[0004] In order to transmit/receive data to/from a mobile terminal such as a UE, the UE needs
to have an established RRC connection. When in RRC connected mode, the UE may operate
in different communication states. In 3GPP, these communication states are referred to as
RRC states. Figure 1 exemplifies the different communication states and the transitions
between the states in a UMTS network. Inactivity for a certain time in a connected state, which
is determined by a timer, generally results in transition to a less resource consuming state,
while activity results in transition to a higher state in which more resources are required by the
UE and the RAN. In general, communication states which provide the UE with a higher data
rate require more resources, and vice versa, as is illustrated in Figure 1. The signals used to
effect transitions from one state to another are generally referred to as radio bearer
reconfiguration signals in UMTS, and radio bearer setup/release signals in LTE.

[0005] The configuration of RRC inactivity timers in UMTS (and in LTE) networks has great
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impact on resource consumption in the RAN and the UE. The RRC idle mode (i.e. no
connection) results in the lowest power consumption of the UE. In UMTS, the states in the RRC
connected mode are, in order of decreasing resource consumption, CELL_DCH (Dedicated
Channel), CELL_FACH (Forward Access Channel), CELL_PCH (Cell Paging Channel) and
URA_PCH (URA Paging Channel). The power consumption in the CELL_FACH is roughly 50%
of that in CELL_DCH, and the PCH states use about 1-2% of the power of the CELL_DCH
state.

[0006] In order to decrease power consumption in the UE and system resources in the RAN,
while the UE is in connected mode, there are functions like Discontinuous Reception and
Transmission (DRX). The RAN determines, generally at setup, periods when the UE is
permitted to turn off its transmitter or receiver, or both, in defined intervals when there is no
data transmission. For example in a UMTS network, by allowing the UE to stay inactive in
CELL_DCH state for longer time periods, the UE can restart transmission after a period of
inactivity with a much shorter delay than would be necessary when switching state from
CELL_FACH or URA_PCH or re-establishment of a new connection. This will also facilitate
reduction of the number of state transitions between CELL_FACH, CELL_DCH and Idle.
Discontinuous Reception is also available in LTE networks where the period in the connected
state normally is longer than in UMTS networks. In fact, in LTE, DRX can be used even in
connected mode instead of transitioning to CELL_FACH or URA_PCH. In LTE there are two
different modes of DRX, short and long DRX mode. Further, in LTE, the DRX cycles are
provided for the mobile terminal; long and short DRX. The long DRX cycle is used during the
inactivity periods of the mobile terminal, when the terminal only has to check control channels
and no resources are assigned. When data activity is detected, a transition to the short DRX
cycle is triggered, thus increasing the responsiveness and connectivity of the mobile terminal.

[0007] In normal RRC connected mode, core network applications can assume that a user
plane data path is available, though it may have certain latency, but submitted downlink user
plane data get delivered to the UE without any additional effort or functionality for the
applications. However, with the long DRX cycles or when in a power saving state, a UE may
appear as "not reachable” or "not yet reachable" for downlink user plane data. The UE needs
to poll regularly via user or control plane for getting any terminating data or events delivered.

[0008] Other prior art solutions are described in the specification 3GPP TR 23.887
V1.2.0(2013-08) 3rd Generation Partnership Project; Technical Specification Group Services
and System Aspects; Machine-Type and other mobile data applications Communications
enhancements (Release 12). The specification studies and evaluates architectural
enhancements for Machine-Type and other mobile data applications Communications.
Specifically, the following system improvements are considered: Small Data Transmission
(SDT) which includes the following aspects: - SDT as per the service requirements; and -
Efficient handling of frequent SDT as per the service requirement. Triggering enhancements
which includes the following aspects: - Device triggering enhancements including TS5 based
device trigger and other triggering efficiency optimizations. Monitoring enhancements which
includes the following aspect: - Monitoring as per the service requirements. UE Power
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optimizations which includes the following aspects:

s Optimizations to prevent battery drain (that may come from e.g. frequent changes
between idle and connected mode or too long periods in connected mode); and - Lower
UE power consumption as per the service requirements. Group based features which
include the following aspects: - Fulfil the group based policing requirements; - Fulfil the
group based addressing requirements; and - Fulfil the group based charging
requirements. The end-to-end application layer aspects between UEs and Application
servers including SCS (which can be located outside or inside the network operator's
domain) are out of the scope of this study. However, the transport services as provided
by the 3GPP system and the related optimizations are considered in this study. The
specification analyzes architectural aspects to achieve these objectives and to gather
technical content until it can be included in the relevant technical specifications.

[0009] Yet some other prior art solutions are described in the specification 3GPP TS 23.401
V12.0.0 (2013-03) 3rd Generation Partnership Project; Technical Specification Group Services
and System Aspects; General Packet Radio Service (GPRS) enhancements for Evolved
Universal Terrestrial Radio Access Network (E-UTRAN) access (Release 12). The specification
defines the Stage 2 service description for the Evolved 3GPP Packet Switched Domain - also
known as the Evolved Packet System (EPS) in this specification. The Evolved 3GPP Packet
Switched Domain provides IP connectivity using the Evolved Universal Terrestrial Radio Access
Network (E-UTRAN). The specification covers both roaming and non-roaming scenarios and
covers all aspects, including mobility between E-UTRAN and pre-E-UTRAN 3GPP radio access
technologies, policy control and charging, and authentication.

[0010] As can be deducted from the above, prior art solutions have been focused on saving
UE power. However, the UE being not reachable for downlink user plane data, e.g. when being
in long DRX cycles and UE power saving states, causes extensive signalling in the network,
which is undesirable.

SUMMARY

[0011] An object of the present invention is to solve, or at least mitigate, these problems in the
art and to provide improved methods and devices for detecting when a mobile terminal is in a
state where it is incapable of replying to a message.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The invention is now described, by way of example, with reference to the
accompanying drawings, in which:
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Figure 1 exemplifies different communication states and transitions between the states in an
LTE/UMTS network;

Figure 2 shows a schematic overview of an exemplifying wireless communication system in
which the present application can be implemented,;

Figure 3 shows a simplified version of the wireless communication system discussed in Figure
2, where a mobility node according an embodiment of the first aspect of the present invention,
and a gateway node according to an embodiment of the second aspect of the present
invention, is illustrated.

Figure 4 shows a flowchart of a method according to an embodiment of the first aspect of the
present invention;

Figure 5 shows a flowchart of a method according to an embodiment of the second aspect of
the present invention;

Figure 6 shows a timing diagram illustrating bearer establishment according to an embodiment
of the present invention;

Figure 7 shows a timing diagram illustrating transmission of downlink data according to an
embodiment of the present invention;

Figure 8 illustrates a mobility node according an embodiment of the first aspect of the present
invention; and

Figure 9 illustrates a gateway node according to an embodiment of the second aspect of the
present invention.

DETAILED DESCRIPTION

[0013] The invention will now be described more fully hereinafter with reference to the
accompanying drawings, in which certain embodiments of the invention are shown. This
invention may, however, be embodied in many different forms and should not be construed as
limited to the embodiments set forth herein; rather, these embodiments are provided by way of
example so that this disclosure will be thorough and complete, and will fully convey the scope
of the invention to those skilled in the art. Like numbers refer to like elements throughout the
description.

[0014] As previously has been discussed, Figure 1 exemplifies the different communication
states and the transitions between the states in an LTE/UMTS network, where a UE transits
between three different states in connected mode; CELL_DCH, CELL_FACH and URA_PCH,
and an Idle state in idle mode. Inactivity for a certain time, which is determined by a timer, in a
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connected state generally results in transition to a lower state, while activity results in transition
to a higher state, and greater resources are assigned to the UE when it resides in the higher
state. With reference to Figure 1, this is illustrated by means of inactivity timer T1 which is set
to 2 seconds, i.e. if there is no activity for 2 s when the mobile terminal is in state CELL_DCH, it
will be moved to state CELL_FACH, and inactivity timer T2 which is set to 10 seconds, i.e. if
there is no activity for 10 s when the mobile terminal is in state CELL_FACH, it will be moved to
state URA_PCH. As is illustrated in Figure 1, the higher the state, the more resources are
assigned to the mobile terminal (and the device controlling the mobile terminal, e.g. an eNodeB
in LTE or a combination of NodeB and RNC in UMTS). Consequently, the higher the state, the
higher the resource consumption, e.g., UE battery power and radio resources, in the RAN.
With further reference to Figure 1, even though it is not shown in the figure, transitions to the
previously mentioned DRX communication states are possible, causing the UE to be at least
temporarily not reachable.

[0015] Figure 2 shows a schematic overview of an exemplifying wireless communication
system 1 in which the present application can be implemented. The wireless communication
system 1 is an LTE based system. It should be pointed out that the terms "LTE" and "LTE
based" system is here used to comprise both present and future LTE based systems, such as,
for example, advanced LTE systems. It should be appreciated that although Figure 2 shows a
wireless communication system 1 in the form of an LTE based system, the example
embodiments herein may also be utilized in connection with other wireless communication
systems, such as e.g. GSM or UMTS as previously mentioned, comprising nodes and functions
that correspond to the nodes and functions of the system in Figure 2.

[0016] The wireless communication system 1 comprises a base station in the form of an
eNodeB, operatively connected to an SGW, in turn operatively connected to an MME and a
PGW, which in turn is operatively connected to a PCRF. The eNodeB is a radio access node
that interfaces with a mobile radio terminal, i.e. a UE. The eNodeBs of the system forms the
radio access network E-UTRAN for LTE communicating with the UEs over an air interface such
as LTE-Uu. The SGW routes and forwards user data packets over S1-U, whilst also acting as
the mobility anchor for the user plane during inter-eNB handovers and as the anchor for
mobility between LTE and other 3GPP technologies (terminating S4 interface and relaying the
traffic between 2G/3G systems and PGW). For idle state UEs, the SGW terminates the DL data
path and triggers paging when DL data arrives for the UE, and further manages and stores UE
contexts, e.g. parameters of the IP bearer service, network internal routing information. It also
performs replication of the user traffic in case of lawful interception. The SGW communicates
with the MME via interface S11 and with the PGW via S5. Further, the SGW may communicate
with the UMTS radio access network UTRAN and with the GSM EDGE Radio Access Network
(GERAN) via S12.

[0017] The MME is responsible for idle mode UE tracking and paging procedure including
retransmissions. It is involved in the bearer activation/deactivation process and is also
responsible for choosing the SGW for a UE at the initial attach and at time of intra-LTE
handover involving Core Network (CN) node relocation. It is responsible for authenticating the
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user by interacting with the Home Subscriber Server (HSS). The Non-Access Stratum (NAS)
signaling terminates at the MME and it is also responsible for generation and allocation of
temporary identities to UEs via S1-MME. It checks the authorization of the UE to camp on the
service provider's Public Land Mobile Network (PLMN) and enforces UE roaming restrictions.
The MME is the termination point in the network for ciphering/integrity protection for NAS
signaling and handles the security key management. Lawful interception of signaling is also
supported by the MME. The MME also provides the control plane function for mobility between
LTE and 2G/3G access networks with the S3 interface terminating at the MME from the SGSN.
The MME also terminates the S6a interface towards the home HSS for roaming UEs. Further,
there is an interface S10 configured for communication between MMEs for MME relocation and
MME-to-MME information transfer.

[0018] The PGW provides connectivity to the UE to external packet data networks (PDNs) by
being the point of exit and entry of traffic for the UE. A UE may have simultaneous connectivity
with more than one PGW for accessing multiple PDNs. The PGW performs policy enforcement,
packet filtering for each user, charging support, lawful Interception and packet screening.
Another key role of the PGW is to act as the anchor for mobility between 3GPP and non-3GPP
technologies such as WIMAX and 3GPP2 (CDMA 1X and EvDO). The interface between the
PGW and the packet data network is referred to as the SGi. The packet data network may be
an operator external public or private packet data network or an intra operator packet data
network, e.g. for provision IP Multimedia Subsystem (IMS) services.

[0019] The PCRF determines policy rules in real-time with respect to the radio terminals of the
system. This may e.g. include aggregating information in real-time to and from the core
network and operational support systems, etc. of the system so as to support the creation of
rules and/or automatically making policy decisions for user radio terminals currently active in
the system based on such rules or similar. The PCRF provides the PGW with such rules and/or
policies or similar to be used by the acting PGW as a Policy and Charging Enforcement
Function (PCEF) via interface Gx. The PCRF further communicates with the packet data
network via the Rx interface.

[0020] Figure 3 shows, for brevity, a simplified version of the LTE system discussed in detail in
Figure 2. Figure 3 illustrates an LTE system 2 comprising a mobile terminal in the form of a UE
10 communicating via an E-UTRAN 11 with a device according to a first aspect of the present
invention for detecting a state where the UE is incapable of replying to a message such as a
paging request. In this exemplifying embodiment, the device according to the first aspect of the
present invention is implemented in the form of an MME 12. In practice, the detection at the
MME 12 is performed by a processing unit 15 embodied in the form of one or more
microprocessors arranged to execute a computer program 17 downloaded to a suitable
storage medium 16 associated with the microprocessor, such as a Random Access Memory
(RAM), a Flash memory or a hard disk drive. The processing unit 15 is arranged to carry out
the method according to embodiments of the first aspect of the present invention when the
appropriate computer program 17 comprising computer-executable instructions is downloaded
to the storage medium 16 and executed by the processing unit 15. The storage medium 16
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may also be a computer program product comprising the computer program 17. Alternatively,
the computer program 17 may be transferred to the storage medium 16 by means of a suitable
computer program product, such as a floppy disk or a memory stick. As a further alternative,
the computer program 17 may be downloaded to the storage medium 16 over a network. The
processing unit 15 may alternatively be embodied in the form of a digital signal processor
(DSP), an application specific integrated circuit (ASIC), a field-programmable gate array
(FPGA), a complex programmable logic device (CPLD), etc.

[0021] As previously has been described in detail, the MME 12 communicates with an SGW13,
which in its turn communicates with the E-UTRAN 11 and the PGW14. The PGW14 is further
communicatively coupled to a PCRF 18. In the following, a flowchart of a method according to
the first aspect of the present invention for detecting, at the MME 12, a state where the UE 10
is incapable of replying to a message such as a paging request will be described.

[0022] Now, in order to advantageously avoid unnecessary and inefficient signalling in the LTE
system 2 as previously has been discussed, an embodiment of a method according the first
aspect of the present invention is proposed, a flowchart of which is shown in Figure 4.
Reference is further made to Figure 3. In a first step, S101, the processing unit 15 of the MME
12 receives a message, e.g. a create bearer request, from the SGW 13. In a second step
S102, the processing unit 15 of the MME 12 determines whether the UE 10 is incapable of
replying to the message. This could e.g. be determined by sending a paging request to the UE
10, which request the UE 10 is yet not capable of responding to due to e.g. being in a long
DRX cycle or being a power saving state. However, the MME 12 generally has information
about the state of the UE 10 without sending a paging request. Information about the state of
the UE 10 may e.g. be received by the MME 12 from the UE, e.g. in connection with a change
of state of the UE. Finally, in step S103, the processing unit 15 of the MME 12 sends a
response to the SGW 13 indicating that the UE 10 is not yet capable to reply to the message.

[0023] Again with reference to Figure 3, and the simplified LTE system 2 illustrated therein.
Figure 3 illustrates an LTE system 2 comprising a mobile terminal in the form of a UE 10
communicating via an E-UTRAN 11 with an MME 12 and a device according to a second
aspect of the present invention for detecting a state where the UE is incapable of replying to a
message such as a paging request. In this exemplifying embodiment, the device according to
the second aspect of the present invention is implemented in the form of an SGW 13, a PGW
14, or a single node comprising a combined SGW and PGW. In practice, the detection at the
SGW/PGW is performed by a processing unit 19 embodied in the form of one or more
microprocessors arranged to execute a computer program 21 downloaded to a suitable
storage medium 20 associated with the microprocessor, as previously has been discussed with
reference to the device 12 according to the first aspect of the present invention. In the
following, a flowchart of a method according to the second aspect of the present invention for
detecting, at the SGW 13 or the PGW14 (in the following, the PGW 14 will be referred to as the
device according to the second aspect of the present invention), a state where the UE 10 is
incapable of replying to a message such as a paging request will be described.
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[0024] Now, in order to advantageously avoid unnecessary and inefficient signalling in the LTE
system 2 as previously has been discussed, an embodiment of a method according the second
aspect of the present invention is proposed, a flowchart of which is shown in Figure 5.
Reference is further made to Figure 3. In a first step, S201, the processing unit 19 of the PGW
14 sends a message, e.g. a create bearer request, to the MME 12 via the SGW 13. In a
second step S202, the processing unit 19 of the PGW 14 receives from the MME 12, via the
SGW 13, whether the UE 10 is incapable of replying to the message. This could e.g. be
determined by the MME 12 sending a paging request to the UE 10, which request the UE 10 is
yet not capable of responding to due to e.g. being in a long DRX cycle or being a power saving
state. However, the MME 12 generally has information about the state of the UE 10 without
sending a paging request.

[0025] In the following, various embodiments of the first and second aspects of the present
invention will be discussed. Its should be noted that the mobility node could be embodied in the
form of an SGSN, and the gateway node in the form of a Gateway General Packet Radio
Service Support Node (GGSN).

[0026] In an embodiment of the present invention, the response to the PGW/SGW 13 from the
MME 12 is further advantageously configured to indicate an estimated time when the UE 10
will be capable of replying to the message. This is advantageous since the signalling in the
core network pertaining to e.g. establishment of a bearer with the UE need not be resumed
until the estimated time has expired and the UE again is capable of replying e.g. to a create
bearer request. Thus, the MME 12 is capable of estimating a time indicating when the mobile
terminal will be capable of replying to the message.

[0027] In one embodiment of the present invention, the estimated time is based on a DRX
cycle period. Thus, the UE 10 listens to a Paging Channel (PCH), i.e. a downlink transport
channel transferring a paging message with a certain period, and when the paging message is
received, the UE exits the DRX mode and is reachable by the MME 12. By taking into account
the DRX cycle period, the MME 12 knows when the UE 10 exits the DRX/idle mode and is
capable of replying to a message sent to it by the MME 12.

[0028] In another embodiment of the present invention, when a UE 10 changes either serving
MME, serving SGW or both, i.e. when the UE 10 changes Tracking Area (TA), the UE 10
initiates a Tracking Area Update (TAU) by submitting a TAU request message to the core
network. A periodic TAU procedure is initiated by the UE 10 to periodically notify the availability
of the UE to the network. Advantageously, in this embodiment, the estimated time is based on
a period of an upcoming TAU. By taking into account the TAU period, the MME 12 knows when
the UE 10 exits the DRX mode and is capable of replying to a message sent to it by the MME
12.

[0029] In still another embodiment of the present invention, the message from the gateway
node to the mobility node comprises any one of the group consisting of: create bearer request,
update bearer request, delete bearer request, update PDP context request, downlink data
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notification, delete PDP context request, etc.

[0030] In still a further embodiment of the present invention, the response from the mobility
node to the gateway node comprises any one of the group consisting of. create bearer
response, update bearer response, delete bearer response, update PDP context response,
downlink data notification acknowledgement, delete PDP context response, etc.

[0031] In an embodiment of the first aspect of the present invention, when the serving MME of
the UE 10 is changed from the current MME 12 to another serving MME (not shown in the
Figures), it is advantageous if the state of the UE 10 is reported to said another serving MME
in order to avoid excessive signalling. Thus, in this embodiment, the response sent to the
PGW14 is further stored at the current MME 12, and forwarded to the other serving MME when
the UE 10 changes to this other serving MME.

[0032] With reference again to Figure 3, in an embodiment of the second aspect of the present
invention, when the processing unit 19 of the PGW 14 receives a response indicating that the
UE 10 is not yet capable of replying to a message such as a create bearer request, it may
further transfer such information to the PCRF 18 to inform the PCRF that a requested policy
change has not been enforced. The PGW 14 could further report to the PCRF 18 that a
requested policy change in fact is successful when the UE 10 no longer is non-reachable. It
should be noted that initially, what calls for a message being sent from the PGW 14 to the MME
12, is a policy change request sent from the PCRF 18 to the PGW 14. This will be discussed in
more detail in the following.

[0033] Figure 6 shows a timing diagram illustrating bearer establishment according to an
embodiment of the present invention. In a first step Si, the PCRF initiates a so called Re-
Authorize Request (RAR) containing a policy change request. In S2, the PGW confirms the
received RAR with a Re-Authorize Answer (RAA). The PGW submits a create bearer request in
S3 to the SGW in order to initiate the subsequent establishment of a bearer with the UE.
Thereafter, in S4, the SGW submits the create bearer request to the MME. The MME may in
step S5 page the UE. However, as previously has been discussed, the MME may already have
knowledge about the capability of the UE to reply to data being sent to it without actually
paging the UE. Thus, the MME determines whether the UE is non-reachable, e.g. for reasons
of being in a long DRX cycle or in a power saving state.

[0034] In S6, the MME responds to the SGW with a create bearer response indicating that the
UE is yet not capable of replying to a message sent to it, in this case a create bearer request.
In practice, a flag could be set in the create bearer response indicating whether the UE is
capable of replying or not. Possibly, a number of flags could be included in the message, e.g.
distinguishing between the states "long DRX cycle”" or "power saving state". Further, as
previously has been discussed, the create bearer response may comprise an estimated time
when the UE is capable of replying to a message sent to it.

[0035] In S7, the create bearer response is sent from the SGW to the PGW. At this point, the
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PGW is made aware of the state of the UE, and possibly at which estimated time the UE will be
able to respond to a message. This information may be forwarded to the PCRF in which case a
number of rounds of data transmission (not shown in Figure 6) may be undertaken between
the PGW and the PCRF, both at this point and subsequently. Thus, the SGW may optionally
send the response it received from the MME the PCRF.

[0036] In S8, the UE exits the non-reachable state and sends a service request to the MME,
which replies with sending a modify bearer request to the SGW in S9 indicating (for instance by
means of setting a flag as previously discussed) that the UE now is reachable and thus
capable of responding to a message for establishing a bearer. In S10, the modify bearer
request is forwarded from the SGW to the PGW (and optionally further on to the PCRF).
Hence, the PGW receives the modify bearer request from the MME in response to the service
request submitted by the UE indicating that the UE is capable of replying to a further message.
Consequently, the PGW sends a further message in the form of a create bearer request to the
SGW in S11, which forwards the create bearer request to the MME in S12, wherein the MME
establishes a bearer with the UE in S13. The MME subsequently sends a create bearer
response in S14 to the SGW indicating that the bearer was successfully established. The SGW
forwards the create bearer response to the PGW in S15, which optionally may inform the
PCRF that the bearer successfully was established and that the requested policy change
consequently has been enforced. Even though Figure 6 shows the UE sending a service
request to the PGW via the MME and the SGW, the PGW could alternatively have sent a
create bearer request to the MME when an estimated time has passed indicating that the UE is
capable of replying to the further create bearer request, should such an estimated time have
expired before the UE sent its service request.

[0037] Figure 7 shows a timing diagram illustrating transmission of downlink data according to
an embodiment of the present invention. In a first step S20, the PGW sends downlink intended
for the UE to the SGW. In S21, the SGW sends a downlink data notification to the MME
indicating that a transmission of downlink data is desired. The MME has knowledge about the
capability of the UE to reply to data being sent to it without actually paging the UE. Thus, the
MME determines whether the UE is non-reachable, e.g. for reasons of being in a long DRX
cycle or in a power saving state.

[0038] In S22, the MME responds to the SGW with a downlink data notification
acknowledgement indicating that the UE is yet not capable of replying to data to be sentto it. In
practice, a flag could be set in the downlink data notification acknowledgement indicating
whether the UE is capable of replying or not. Possibly, a number of flags could be included in
the acknowledgement, e.g. distinguishing between the states "long DRX cycle" or "power
saving state". Further, as previously has been discussed, the downlink data notification
acknowledgement may comprise an estimated time when the UE is capable of replying to data
to be sent to it.

[0039] In S23, a response such as a create bearer response is sent from the SGW to the PGW
indicating that the UE is not reachable. At this point, the PGW is made aware of the state of the
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UE, and possibly at which estimated time the UE will be able to respond to a message. At this
point, the PGW may discard the downlink data intended for the UE (and omit charging the UE),
or possibly send it when the UE is reachable. Once the estimated time has passed indicating
that the UE is capable of replying to a message sent to it, a create bearer request could be
submitted from the PGW.

[0040] Figure 8 shows a mobility node 12 according to an embodiment of the first aspect of the
present invention. The mobility node 12 comprises receiving means 22 adapted to receiving a
message from a gateway node, determining means 23 adapted to whether a mobile terminal is
incapable of replying to the message, and sending means 24 adapted to send a response to
the gateway node indicating that the mobile terminal is not yet capable of replying to the
message. The receiving means 22 may comprise a communications interface for receiving
information from the mobile terminal, the gateway node and other devices. The sending means
23 may comprise a communications interface for sending information to the mobile terminal,
the gateway node, and to other devices. The various interfaces have been described in detail
with reference to Figure 2. The mobility node 12 may further comprise a local storage. The
receiving means 22, determining means 23 and sending means 24 may (in analogy with the
description given in connection to Figure 3) be implemented by a processor embodied in the
form of one or more microprocessors arranged to execute a computer program downloaded to
a suitable storage medium associated with the microprocessor, such as a RAM, a Flash
memory or a hard disk drive. The receiving means 22, determining means 23 and sending
means 24 may comprise one or more transmitters and/or receivers and/or transceivers,
comprising analogue and digital components and a suitable number of antennae for radio
communication.

[0041] Figure 9 shows a gateway node 14 according to an embodiment of the second aspect
of the present invention. The gateway node 14 comprises sending means 25 adapted to
sending a message to a mobility node, and receiving means 26 adapted to receiving a
response from the mobility node indicating that a mobile terminal is not yet capable to reply to
the message. The receiving means 26 may comprise a communications interface for receiving
information from the mobility node and other devices. The sending means 25 may comprise a
communications interface for sending information to the mobility node and to other devices.
The various interfaces have been described in detail with reference to Figure 2. The gateway
node 14 may further comprise a local storage. The receiving means 26 and sending means 25
may (in analogy with the description given in connection to Figure 3) be implemented by a
processor embodied in the form of one or more microprocessors arranged to execute a
computer program downloaded to a suitable storage medium associated with the
microprocessor, such as a RAM, a Flash memory or a hard disk drive. The receiving means 26
and sending means 25 may comprise one or more transmitters and/or receivers and/or
transceivers, comprising analogue and digital components and a suitable number of antennae
for radio communication.

[0042] The invention has mainly been described above with reference to a few embodiments.
However, as is readily appreciated by a person skilled in the art, other embodiments than the
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ones disclosed above are equally possible within the scope of the invention, as defined by the
appended patent claims.
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Patentkrav

1. Fremgangsmade til, ved en mobilitetsknude (12) i et kommunikationsnet-
veerk (2), at detektere en tilstand, hvor en mobilterminal (10) ikke kan svare pa
en besked, hvor fremgangsmaden omfatter:

at modtage (S4, S101) en create bearer-anmodning fra en gateway-knude (13,
14);

at bestemme (S5, $S102), om mobilterminalen ikke er tilgaengelig;

at sende (S6, S103) et svar til gateway-knuden, der angiver, at mobiltermina-
len ikke er tilgeengelig, hvor fremgangsmaden er kendetegnet ved, at den
omfatter falgende yderligere trin:

at modtage (S8) en serviceanmodning fra mobilterminalen; og

at sende (S9) en modify bearer-anmodning til gateway-knuden, hvilken modify
bearer-anmodning omfatter en angivelse, der angiver, at mobilterminalen er
tilgeengelig.

2. Fremgangsmade ifelge krav 1, hvor svaret angiver, at mobilterminalen er i
en lang diskontinuerlig modtagelse og transmissions-DRX-cyklus, eller at mo-
bilterminalen er i energisparetilstand.

3. Fremgangsmade ifalge krav 1, hvor svaret til gateway-knuden yderligere er
konfigureret til at angive et estimeret tidspunkt, hvor mobilterminalen vil kunne
svare pa beskeden.

4. Fremgangsmade ifglge krav 3, hvor det estimerede tidspunkt er baseret pa
en DRX-cyklusperiode eller pa en periode for en kommende sporingsomrade-
opdatering, TAU.

5. Fremgangsmade ifalge et af de foregaende krav, yderligere omfattende:

at lagre svaret ved mobilitetsknuden; og

at videresende det lagrede svar til en anden betjenende mobilitetsknude, nar
mobilterminalen skifter til den anden betjenende mobilitetsknude.

6. Fremgangsmade ifelge et af de foregaende krav, hvor svaret fra mobilitets-
knuden omfatter en hvilken som helst af gruppen bestaende af: create bearer-
svar, opdatere bearer-svar, slette bearer-svar, opdatere PDP-kontekstsvar,
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downlink-datanotifikationsbekraeftelse, slette PDP-kontekstsvar.

7. Fremgangsmade til, ved en gateway-knude (13, 14) i et kommunikations-
netveerk (2), at detektere en tilstand, hvor en mobilterminal (10) ikke kan svare
pa en besked, hvor fremgangsmaden omfatter:

at sende (S4, S201) en create bearer-anmodning til en mobilitetsknude (12);
at modtage (S6, S202) et svar fra mobilitetsknuden, der angiver, at mobilter-
minalen ikke er tilgeengelig; hvor fremgangsmaden er kendetegnet ved, at
den omfatter falgende yderligere trin:

at modtage (S9) en modify bearer-anmodning fra mobilitetsknuden som svar
pa en serviceanmodning, der er sendt fra mobilterminalen, hvilken modify bea-
rer-anmodning omfatter en angivelse, der angiver at mobilterminalen er tilgaen-

gelig.

8. Fremgangsmade ifelge krav 7, hvor svaret angiver, at mobilterminalen er i
en lang diskontinuerlig modtagelse og transmissions-DRX-cyklus, eller at mo-
bilterminalen er i energisparetilstand.

9. Fremgangsmade ifglge et af kravene 7-8, hvor svaret fra mobilitetsknuden
omfatter en hvilken som helst af gruppen bestdende af: create bearer-svar,
opdatere bearer-svar, slette bearer-svar, opdatere PDP-kontekstsvar, down-
link-datanotifikationsbekreeftelse, slette PDP-kontekstsvar.

10. Mobilitetsknude (12) i et kommunikationsnetvaerk(2), hvor mobilitetsknu-
den omfatter. en processeringsenhed (15); og en hukommelse (16), idet hu-
kommelsen indeholder instruktioner, der kan udfgres af processeringsenhe-
den, hvorved mobilitetsknuden kan anvendes til:

at modtage (S4, S101) en create bearer-anmodning fra en gateway-knude (13,
14);

at bestemme (S5, S102), om en mobilterminal (10) ikke er tilgaengelig;

at sende (S6, S103) et svar til gateway-knuden, der angiver, at mobiltermina-
len ikke er tilgaengelig;

at modtage (S8) en serviceanmodning fra mobilterminalen (10); og

at sende (S9) en modify bearer-anmodning til gateway-knuden (13, 14), hvil-
ken modify bearer-anmodning omfatter en angivelse, der angiver, at mobilter-
minalen er tilgeengelig.
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11. Mobilitetsknude (12) ifelge krav 10, hvor svaret angiver, at mobilterminalen
(10) er i en lang DRX-cyklus, eller at mobilterminalen er | energisparetilstand.

12. Mobilitetsknude (12) ifglge krav 11, der yderligere kan anvendes til:

at estimere et estimeret tidspunkt, der angiver hvornar mobilterminalen (10) vil
kunne svare pa beskeden; og

at angive det estimerede tidspunkt i svaret.

13. Mobilitetsknude (12) ifalge krav 12, hvor det estimerede tidspunkt er esti-
meret pa basis af en DRX-cyklusperiode eller pa en periode for en kommende
TAU.

14. Mobilitetsknude (12) ifalge et af kravene 10-13, der yderligere kan anven-
des til:

at lagre svaret; og

at videresende det lagrede svar til en anden betjenende mobilitetsknude, nar
mobilterminalen (10) skifter til den anden betjenende mobilitetsknude.

15. Mobilitetsknude (12) ifalge et af kravene 10-14, hvor svaret fra mobilitets-
knuden omfatter en hvilken som helst af gruppen bestaende af: create bearer-
svar, opdatere bearer-svar, slette bearer-svar, opdatere PDP-kontekstsvar,
downlink-datanotifikationsbekraeftelse, slette PDP-kontekstsvar.

16. Mobilitetsknude (12) ifglge et af kravene 10-15, hvor mobilitetsknuden (12)
er en mobilitetshandteringsenhed, MME, eller en Serving General Packet Ra-
dio Service Support Node, SGSN.

17. Gateway-knude (14) i et kommunikationsnetveerk, omfattende: en proces-
seringsenhed (19); og en hukommelse (20), idet hukommelsen indeholder in-
struktioner, der kan udfares af processeringsenheden, hvorved gateway-knu-
den kan anvendes til:

at sende (S4, S201) en create bearer-anmodning til en mobilitetsknude (12);
at modtage (S6, S202) et svar fra mobilitetsknuden, der angiver, at en mobil-
terminal (10) endnu ikke kan svare pa en besked; og
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at modtage (S9) en modify bearer-anmodning fra mobilitetsknuden (12) som
svar pa en serviceanmodning, der er sendt fra mobilterminalen (10), hvilken
modify bearer-anmodning omfatter en angivelse, der angiver at mobiltermina-
len er tilgeengelig.

18. Gateway-knude (14) ifglge krav 17, hvor svaret angiver, at mobilterminalen
er i en lang DRX-cyklus, eller at mobilterminalen er i energisparetilstand.

19. Gateway-knude (14) ifelge et af kravene 17-18, hvor svaret fra mobilitets-
knuden omfatter en hvilken som helst af gruppen bestaende af: create bearer-
svar, opdatere bearer-svar, slette bearer-svar, opdatere PDP-kontekstsvar,
downlink-datanotifikationsbekraeftelse, slette PDP-kontekstsvar.
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