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DESCRIPTION

COMMUNICATION SYSTEM

INCORPORATED BY REFERENCE
Priority is claimed on United Kingdom Patent Application No. 1102389.2, filed

February 10, 2011, the content of which is incorporated herein by reference.

TECHNICAL FIELD
The present invention relates to a communication system that supports machine
type communication. In particular, the invention concerns improvements related to, but

not limited to, a communication system that supports machine type communication as

defined in the 3GPP standards, like TS 22.368.

BACKGROUND ART

Machine type communication (MTC), sometimes referred to as machine to
machine (M2M) communication, is a form of data communication that involves one or
more electronic entities (MTC devices) without necessarily requiring human interaction.
MTC devices are mobile terminals (User Equipment (UE)) configured for MTC and they
come in many forms in order to serve many different MTC applications and provide
many different MTC services.

Generally, a service optimized for MTC differs from a service optimized for
Human to Human (H2H) communications. Specifically, MTC is different to current
mobile network communication services as it involves a different set of considerations to

H2H mobile communications including, for example: different market scenarios, data
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communicating terminals with, to a large extent, little traffic per terminal.

Some examples of the types of applications and service types that MTC may be
used to provide are listed in Table 1.

provided as an indication of the wide potential application of MTC to provide an

extensive and diverse range of MTC services.

Table 1

Service Type

MTC Applications

Security

Surveillance systems
Backup for landline

Control of physical access (e.g. to buildings)

Car/drive security

Tracking & Tracing

Fleet Management

Order Management

Pay as you drive

Asset Tracking

Navigation

Traffic information

Road tolling

Road traffic optimization/steering

Payment

Point of sales
Vending machines
Gaming machines

Health

Monitoring vital signs

Supporting the aged or handicapped
Web access Telemedicine points
Remote diagnostics

Remote
Maintenance/Control

Sensors

Lighting

Pumps

Valves

Elevator control
Vending machine control
Vehicle diagnostics

Metering

Power

Gas

Water

Heating

Grid control
Industrial metering

The list in Table 1 is not exhaustive, and is
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Digital photo frame
Digital camera
eBook

Consumer Devices

One of the current requirements of MTC, defined in the relevant 3GPP standards
(TS22.368), is the ability to send a so called MTC device trigger' from an MTC server to
an MTC device, by which the network can trigger the MTC device to initiate
communication with the MTC server. This MTC device trigger provides for a polling
model which supports the many M2M applications for which polling from the MTC
server to MTC devices is desirable. For example, polling is desirable for applications in
which an MTC user wants to be in control of communication from MTC devices and/or
does not want MTC devices to be able to access the MTC server arbitrarily. Further,
even for applications where the MTC devices are allowed to initiate communications
without being triggered by the server, there may still be a need for the MTC server to poll
the MTC devices, for example, to interrogate them as part of a maintenance procedure.

A communication network supporting MTC must therefore be able to trigger
MTC devices to initiate communication with an MTC server based on a trigger
indication from the MTC server. Thus, an MTC device must be able to receive the
trigger indication from the network, and be able to éstablish communication with the
MTC server when the trigger indication has been received. In accordance with this,
there are a number of different communication scenarios in which the MTC device may
be required to receive a trigger indication including, for example: when the MTC device
is offline (detached from the network); when the MTC device is online (attached to the
network for signaling or user plane data), but has no data connection established; and/or
when the MTC device is online and has a data connection established.

In order to provide for receipt of trigger indications when the MTC device is
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offline (i.e. detached), an MTC device should be able to liéten for trigger indications even
though it is not attached to the network, for example on a broadcast or on a paging
channel. However, with non-attached MTC devices, the network has no definitive
knowledge of the location of an MTC device (which may héve moved since it last
connected) and, accordingly, does not know in which cell (or group of cells) to broadcast
the trigger message to ensure that the MTC device receives it.

One potential solution to this problem is for an MTC user (who does have
knowledge about the location of the MTC device) to provide a Public Land Mobile
Network (PLMN) with the necessary information on the location of the MTC device.
Accordingly, based on the information provided to it by the MTC user, the PLMN can
then broadcast a trigger indication in a relevant cell or group of cells. The MTC device,
while not attached, may thus listen to the broadcast channel of the PLMN in order to
ensure that any trigger indication is received.

The trigger indications may be broadcast using a Cell Broadcast Service (CBS)
(e.g. as specified in 3GPP standard TS23.041) in which one or more Cell Broadcast
Entities (CBEs) are connected into a radio network via a Cell Broadcast Center (CBC)
that is under control of a mobile network operator. The mobile network operator may
make an interface of the CBC available to a trusted 3rd party to interconnect their own
CBE to the CBC of the mobile network operator. The MTC Devices are assigned a
Unique Paging Identity (UPID) and are programmed to monitor a predetermined set of
CB channel(s), even when they are not attached to the network. Accordingly, the MTC
Server of the 3rd party is able to send CBS messages including one or more DPIDs, to
specific MTC devices via the 3rd party CBE, in particular areas based on location
information made available to the MTC Server by the MTC user. The MTC trigger may

also be broadcast in system information.
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This method of broadcasting the MTC trigger within system information, or
using a CBS, requires that the PLMN be provided with new location information, by the
MTC user, for each move of the MTC device to an area for which there is a change to the
cell (or group of cells) in which the trigger indication should be broadcast. This is a
workable solution as long as the MTC user is able to provide the PLMN with the ‘MTC
device location information when required, and so is best éuited to applications in which
the MTC device does not move, or only moves very rarely (for example, gas and
electricity smart meters).

Many MTC devices move only rarely (e.g. gas or electricity meters, when the

owner of the meter moves house) and so new location information may be provided to

. the PLMN, by the MTC user, relatively easily. However, there are MTC applications

(e.g. mobile vending machines) for which the corresponding MTC devices remain offline
for long periods but move with such regularity that provision of the new location
information to the PLMN, by the MTC user, becomes impractical or even impossible.

In such scenarios, the MTC User may not even have an up to date location for the MTC
device. Similarly, there are many other type of MTC Devices that may move, whilst
offline, and for which upto date location information cannot be provided by the MTC
user (for example, home based MTC Devices that move when the owner of the MTC
device travels).Since these MTC Devices are offline (not attached) and the PLMN has no
information about their location, the MTC devices cannot be sent a trigger indication by
the MTC server unless the PLMN broadcasts the MTC device trigger indication in all of
the cells of the PLMN to make sure that the MTC device is guaranteed to receive the
trigger indication. However, broadcasting in all cells is impractical as it would be very

inefficient, and may even be technically impossible.
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DISCLOSURE OF INVENTION

Accordingly, there is a need for an improved communication system that
supports machine type communication and which solves, or at least alleviates, the above
issues.

According to one aspect of the invention there is provided a communication
device for supporting machine type communication within a cellular communication
network, the communication device comprising: means for obtaining expected location
information representing at least one area in which the communication device is expected
to be located whilst not attached for communication within the network; means for
identifying a cell in which the communication device is currently located; and means for
determining, from the expected location information, whether or not the cell forms at
least part of the at least one area, wherein: if the at least one area is determined, by the
determining means, not to comprise the cell in which the communication device is
currently located, the communication device is operable to attach to the network, and
communicate information identifying the cell in which the communication device is
currently located to the network.

The expected location information may represent: a first (e.g. predefined) area
comprising at least one cell in which the communication device may be expected to be
located whilst not attached for communication within the network; and may represent a
second (e.g. dynamically defined) area comprising at least one further cell. The second
area may comprise at least one cell for which the communication device has previously
communicated cell identification information in response to a determination that the at
least one area does not comprise that cell.

If the at least one area is determined not to comprise the cell in which the

communication device is currently located, the communication device may be further
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operable to update the information representing the second area to comprise the cell in
which the communication device is currently located.

The communication device may be operable to update the information
representing the second area by replacing another cell forming at least part of the second
area with the cell in which the communication device is currently located.

The second area may comprise a single cell.

The communication device may be operable to update the information
representing the second area by replacing it with the cell in which the communication
device is currently located or by adding the cell to at least one cell already forming at
least part of the second area.

The communication device may be further operable to update the information
representing the second area based on information received from the communication
network. The information received from the communication network may comprise
information identifying at least one of the following: a cell neighboring the cell in which
the communication device is currently located; a local area (L A) associated with the cell
in which the communication device is currently located or at least one cell thereof; a
routing area (RA) associated with the cell in which the communication device is
currently located or at least one cell thereof; and/or a tracking area (TA) associated with
the cell in which the communication device is currently located or at least one cell
thereof.

The communication device may further comprise: means for receiving, whilst
not attached to the communication network, a trigger message for triggering the
communication device to initiate communications with a further communication device;
and may comprise means for responding to receipt of the trigger message by initiating

the communications.
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The determining means may be operable to determine Whether or not the at least
one area comprises a cell in which the communication device is currently located after
expiry of a predefined time period. The predefined time period may be monitored by
means of a timer or counter on the communication device.

The communication device may be operable to detach from the network
automatically after communicating, to the network, the information identifying the cell in
which the communication device is currently located.

The identifying means may be operable to identify a change of cell in which the
communication device is currently located, and the determining means may be operable
to determine whether or not the at least one area comprises the cell in which the
communication device is currently located on identifying a change of cell in which the
communication device is currently located.

The communication device may be operable to detach from the communication
network on receipt of a message from the communication network indicating that the
detach should take place. The message from the communication network may be
received after a predefined time period (e.g. monitored by means of a timer or counter).
The predefined time period may be represented as a predefined number of periodic
updates.

According to one aspect of the invention there is provided a method performed
by a communication device of supporting machine type communication within a cellular
communication network, the method comprising: obtaining expected location
information representing at least one area in which the communication device is expected
to be located whilst not attached for communication within the network; identifying a
cell in which the communication device is currently located; and determining, from the

expected location information, whether or not the cell forms at least part of the at least
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one area, wherein if the at least one area is determined not to comprise the cell in which_
the communication device is currently located, the method comprises attaching to the
network, and communicating information identifying the cell in which the
communication device is currently located to the network.

According to one aspect of the invention there is provided a network entity for
supporting machine type communication by a communication device within a cellular
communication network, the network entity comprising: means for receiving a message
for the communication device from a server; means for identifying at least one area
comprising at least one cell in which the communication device is expected to be located
whilst not attached for communication within the network; and means for broadcasting
the message in each cell of the at least one area so identified. -

According to one aspect of the invention there is provided a network entity for
supporting machine type communication by a communication device within a cellular
communication network, the network entity comprising: means for storing expected
location information representing at least one area in which the communication device is
expected to be located whilst not attached for communication within the network; means
for receiving, from a communicatidn device, information identifying a cell in which the
communication device is currently located, which cell does not form part of the at least
one area; and means for updating the stored information identifying the at least one area,
based on the information received from the communication device, to include the cell in
which the communication device is currently located.

The at least one area may comprise: a first, predefined, area comprising at least
one cell in which the communication device may be expected to be located whilst not
attached for communication within the network; and a second, dynamically defined, area

comprising at least one further cell. The second area may comprise at least one cell for
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which the communication device has previously communicated cell identiﬁcation
information in response to a determination that the at least one area does not comprise
that cell.

The updating means may be operable to update the information representing the
second area to comprise the cell in which the communication device is currently located.
The updating means may be operable to update the information representing the second
area by replacing another cell forming at least part of the second area with the cell in
which the communication device is currently located. The second area may comprise a
single cell.

The updating means may be operable to update the information representing the
second area by adding the cell in which the communication device is currently located, to
at least one cell already forming at least part of the second area.

The network entity may be operable, in response to receiving the information
from the communication device, to allocate at least one further cell to the second area in
addition to the cell in which the communication device is currently located, and to notify
the communication device of each allocated cell.

The network entity may be operable to initiate detachment of the
communication device from the communication network after expiry of a predefined
time period for staying on-line.

Detachment of the communication device from the communication network may
be initiated by transmission of a message to the communication device to indicate that
the detach should take place.

The network entity may be operable, when allocating the at least one further cell,
to allocate: a cell neighboring the cell in which the communication device is currently

located; a local area (LA) associated with the cell in which the communication device is
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currently located or at least one cell thereof; a routing area (RA) associated with the cell
in which the communication device is currently located or at least one cell thereof; and/or
a tracking area (TA) associated with the cell in which the communication device is
currently located or at least one cell thereof.

According to one aspect of the invention there is provided a method performed
by a network entity for supporting machine type communication by a communication
device within a cellular communication network, the method comprising: receiving a
message for the communication device from a server; identifying at least one area
comprising at least one cell in which the communication device is expected to be located
whilst not attached for communication within the network; and broadcasting the message
in each cell of the at least one area so identified.

According to one aspect of the invention there is provided a method performed
by a network entity for supporting machine type communication by a communication
device within a cellular communication network, the method comprising: storing
expected location information representing at least one area in which the communication
device is expected to be located whilst not attached for communication within the
network; receiving, from a communication device, information identifying a cell in
which the communication device is currently located, which cell does not form part of
the at least one area; and updating the stored information identifying the at least one area,
based on the information received from the communication device, to include the cell in
which the communication device is éurrently located.

Aspects of the invention extend to computer program products such as computer
readable storage media having instructions stored thereon which are operable to program
a programmable processor to carry out a method as described in the aspects and

possibilities set out above or recited in the claims and/or to program a suitably adapted
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computer to provide the apparatus recited in any of the claims.

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

The description of the invention with reference to the drawings is by way of
example only.

The text of the abstract filed herewith is repeated here as part of the specification.
In an exemplary embodiment there is provided a communication system for supporting
machine type communication within a cellular communication network is described in
which a communication device is allocated a permanent offline area in which the
communication device is expected to be located whilst not attached for communication
within the network. The communication device identifies a cell in which the
communication device is currently located and determines whether or not the cell forms
part of the permanent offline area or a temporary offline area that comprises a previously
visited cell that is not part of the permanent offline area. If these areas do not comprise
the cell in which the communication device is currently located, the communication
device attaches to the netwprk and communicates information identifying the cell in

which the communication device is currently located to the network.

BRIEF DESCRIPTION OF THE DRAWINGS
Embodiments of the invention will now be described, by way of example only,

with reference to the attached figures in which:
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FIG. 1 shows, in simplified overview, a schematic of a communication system;

FIG. 2 shows a simplified block diagram of a machine type communication
device forming part of the system shown in FIG. 1;

FIG. 3 is a simplified block diagram of an MTC server forming part of the
system shown in FIG. 1; |

FIG. 4 is a simplified block diagram of a network entity for use in the systém
shown in FIG. 1;

FIG. 5 is a high level flow chart illustrating a procedure implemented by the
communication system for supporting machine type communication; and

FIG. 6 is a high level flow chart illustrating a further example of a procedure

implemented by the communication system for supporting machine type communication.

BEST MODE FOR CARRYING OUT THE INVENTION

Overview

In FIG. 1 a communication system that supports machine type communication
(MTC) is shown in overview generally at 1.

As seen in FIG. 1, the communication system 1 comprises an MTC server 5
which communicates with a Public Land Mobile Network (PLMN) 7, and with a
plurality of MTC devices 3-1, 3-2, 3-3 viathe PLMN 7.  An MTC user 9 is able to
access the MTC server 5 via an interface 8. The MTC server 5 performs services for
the MTC User 9. Each MTC device 3 comprises user equipment (UE) configured for
MTC, and communicates through the PLMN 7 with the MTC server 5 and/or one or
more other MTC devices 3.

Each MTC device 3-1, 3-2, 3-3 is allocated a respective designated area 11-1,

11-2, 11-3 comprising at least one cell 13, list of cells 13, Location Area (LA), Routing
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Area (RA), Tracking Area (TA) and/or combination thereof depending on the
type/generation of the network via which the MTC device 3 will connect to the MTC
server 5. In FIG. 1 the respective cells 13 of each designated area 11 are highlighted
with common hatching. The designated area 11 is referred to herein as a 'Pemaﬁent
Offline Area' (POA) and represents an areé in which the associated MTC device 3 is
considered to be likely to reside (or move within as indicated by the dashed arrows) for a
relatively large proportion of the time, and in which the MTC device 3 will generally
remain offline (unattached to the network). The information identifying the POA 11, in
this embodiment, forms part of MTC device subscription information which is deﬁﬁed
when the MTC device 3 is set-up as part of a particular MTC service, and can be updated
by the MTC server 5 using Non-Access Stratum (NAS) signaling. On receiving the
POA update the MTC device 3 deletes the old POA (if any) and saves the new POA
Each MTC device 3, and the network 7 (e.g. a network entity such as a mobility
management entity (MME), Serving GPRS Support Node (SGSN), or Mobile Switching
Centre (MSC)), is provided with a dedicated timer referred to herein as an 'Offline
Periodic Updatel timer (or "OffPer’ timer). Unlike existing LA/RA/TA periodic update
timers, which are used for online (attached) terminals, the OffPer timer is used for offline
(unattached) MTC devices 3.- Each MTC device 3 uses its OffPer timer to determine
when an offline periodic update of the MTC device's location may be due. Specifically,
when the OffPer timer expires, the associated MTC device 3 identifies its current
location and compares the identified location with the cell 13 (or cells) forming the POA
11 for that MTC device 3. The MTC device 3 also compares the identified location
with a so called Temporary Offline Area (TOA) 15 (when defined). The TOA 15
represents a cell 13, which does not form part of the POA 11, and from which the MTC

device 3 has previously updated its off-line location. If the MTC device 3 is offline, and
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the MTC device 3 is in a cell 13 that is not part of the POA 11 or the TOA 15 (when

defined) for that MTC device 3, then the MTC device 3 performs an offline periodic
update so that the network 7 and MTC device 3 can set (or update) the TOA 15 to the cell
13 from which the location update is made.

The length of the period represented by the OffPer timer is notified to the MTC
device 3 by the network using appropriate Non-Access Stratum (NAS) signaling. The
OffPer Timer is unique within the LA/RA/TA.

When a connection between the MTC device 3 and the MTC server 5 is required,
the network 7 is able to broadcast (using System Information or a Cell Broadcast service)
a trigger message in each cell 13 of the POA 11 and TOA 15 (when defined). The MTC
device 3, while not attached (offline), listens to the broadcast channel of the PLMN 7, in
the cell 13 in which it resides and, accordingly, will respond to the trigger, as appropriate,
by going online.

In this way, therefore, the PLMN 7 can advantageously keep a track of the
movement of the offline MTC devices 3, in an efficient manner, thereby allowing them to
be 'accessible by the MTC server 5 at any time (regardless of whether the MTC user 9 for

the devices in question has notified the PLMN of the movement).

MTC Device

FIG. 2 schematically illustrates the main components of an MTC device 3 (UE)
of FIG. 1. As shown, the MTC device 3 comprises a mobile station 3 including
transceiver circuitry 223 which is operable to transmit signals to and to receive signals
from the PLMN 7 via one or more antennae 225 and a base station (not shown). As
shown, the MTC device 3 also includes a controller 227 which controls the operation of

the MTC device 3 and which is connected to the transceiver circuit 223 and to a user
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interface 229. The controller 227 operates in accordance with software instructions
stored within memory 237.  As shown, these software instructions include, among other
things, an operating system 239, a communication module 241, a timer module 243, a
POA/TOA management module 245, and an MTC management module 247.

The communications module 241 manages the reception, transmission, and
interpretation of signaling communicated with the network 7.  Of particular relevance in
the context of the MTC procedures described herein, the communications module 241
manages the receipt of communications broadcast in the cell 13 in which the MTC device
3 resides (for example, in system information or using a cell broadcast service).

The timer module 243 maintains the local timers, including the OffPer timer, for
managing location updates. The POA/TOA management module.245 maintains the
information defining the POA and the TOA (when defined) and, in particular, manages
the initial configuration of, updates to, replacement of, and/or deletion of the POA/TOA
information as appropriate. The MTC management module 247 manages the MTC
activities of the MTC device 3 including the handling of trigger indications from the

MTC server 5 that are broadcast by the network 7.

MTC Server

FIG. 3 schematically illustrates the main components of an MTC server 5 of FIG.
1. As shown, the MTC server 5 comprises a network interface 329 via which the MTC
server 5 can transmit signals to and receive signals from the PLMN 7. The MTC server
5 also includes a controller 327 which controls the operation of the MTC server 5 and
which is connected to an MTC user interface 323 via which the MTC user 9 can access
the MTC functions of the MTC server 5. The controller 327 operates in accordance

with software instructions stored within memory 337. As shown, these software
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instructions include, among other things, an operating system 339, a communication
module 341 and an MTC management module 347.

The communications module 341 manages the reception, transmission, and
interpretation of MTC and other signaling communicated with the network 7 via the
network interface 329. The MTC management module 347 manages the MTC
functions of the MTC server 5 including the sending of trigger indications to the network

7 for broadcast to an associated MTC device 3 as required.

Network Entity

FIG. 4 schematically illustrates the main components of a network entity 7',
operable to form part of the network 7 of FIG. 1 and to support MTC. As shown, the
network entity 7' comprises an MTC server interface 429 via which the network entity
can receive messages, including MTC trigger indications destined for specific MTC
devices 3, from the MTC server 5. The network entity 7' also comprises a broadcast
interface 423 via which the network entity 7' can send MTC messages (e.g. MTC trigger
indications) for broadcast to specific cells 13, and a signaling interface 425 via which the
network entity 7' can send messages (e.g. carrying POA configurations and the value of
the OffPer timer) to and receive messages from the MTC device 3.

The network entity 7' also includes a controller 427 which controls the operation
of the network enfity 7' and which is connected to the interfaces 423, 425, 429. The
controller 427 operates in accordance with software instructions stored within memory
437. As shown, these software instructions include, among other things, an operating
system 439, a communication module 441, a timer module 443 and a POA/TOA
management module 445.

The communications module 441 manages the reception, transmission, and
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interpretation of MTC and other signaling communicated with the MTC server 5 and
MTC devices 3. The timer module 443 maintains timers at the network side, including
the OffPer timer and the T online timer, for managing location updates. The POA/TOA
management module 445 maintains the information defining the POA 11 and the TOA 15
(when defined) and, in particular, manages the initial configuration of, updates to,

replacement of, and/or deletion of the POA/TOA information as appropriate.

Operation

FIG. 5 is a high level flow chart illustrating a procedure implemented by the
communication system 1, for supporting machine type communication, by keeping track
of the location of offline MTC Devices 3 (or any other offline/detached mobile terminals).

The MTC device 3, to which FIG. 5 relates, is normally off-line and therefore
begins the procedure in an off-line state (§51). The MTC device 3 begins in a specific
cell 13 (referred to as 'Cell A") which forms part of the Permanent Offline Area (POA) 11
for the MTC device 3. At this stage, the MTC device 3 has not left its POA 11 and,
accordingly, the Temporary Offline Area (TOA) is undefined (or 'empty') and so the
MTC device 3 is considered, by the network, to be in the POA 3.

Whilst in cell A, the MTC device 3 'listens' for broadcast System Information
(SI) and/or the Cell Broadcast Service of cell A and responds to any trigger indications
from the MTC server 5 accordingly. The MTC device 3 also runs its Offline Periodic
timer (S53), the value of which is delivered by NAS signaling as described previously.

When, at S55, the OfTPer timer expires, the MTC device 3 checks whether it is
still in cell A (S57). If the MTC device 3 has moved to a new cell 13 and the new cell
13 does not belong to the POA 11 or a previously defined TOA 15, the MTC device 3

goes online (S59), updates its location and goes offline by itself (for example by using
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'detach1 signaling). The new cell 13 now becomes the TOA 15 (in the network 7 and
on the MTC device 3) to replace any previous cell 13 in the TOA (in this embodiment).
Thus; advantageously, the location of the MTC device 3 continues to be known
by the network 7 to be iﬁ the POA 11 or the TOA 15, even though the MTC device 3 is
offline and has moved to a previously unexpected cell 13. In this manner, the PLMN 7
can keep a track of the movement/location of the offline MTC devices 3 efficiently
thereby making them accessible by the network (e.g. by the MTC server 5) when

required.

Operation - further embodiment

FIG. 6 is a high level flow chart illustrating another embodiment of a procedure
which may be implemented by the communication system 1, for supporting machine type
communication, by keeping track of the location of offline MTC devices 3 (or any other
offline mobile terminals). The procedure of FIG. 6 has similarities with that shown in
FIG. 5 but, advantageously, does not require definition of the new timer (OffPer) albeit at
the potential expense of the MTC device 3 having to go online more frequently and
potentially the network 7 having to monitor how long the MTC device 3 remains online.

As with the embodiment of FIG. 5, the MTC devices 3, to which FIG. 6 relates
are each allocated a respective designated POA 11-1, 11-2, 11-3 (as described previously)
comprising at least one cell 13, list of cells 13, Location Area (LA), Routing Area (RA),
Tracking Area (TA) and/or combination thereof depending on the type/generation of the
network via which the MTC device 3 will connect to the MTC server 5.  Similarly, the
MTC devices 3 to which FIG. 6 relates may each also have a respective TOA 15
representing a cell 13 (or possibly cells), which does not form part of the POA 11, and

from which the MTC device 3 has previously updated its off-line location.
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As seen in FIG. 6, the MTC device 3 is normally off-line and therefore begins
the procedure in an off-line state (S61). The MTC device 3 begins in a specific cell 13
(referred to as 'Cell A") which forms part of the Permanent Offline Area (POA) 11 for the
MTC device 3. At this stage, the MTC device 3 has not left its POA 11 and,
accordingly, the Temporary Offline Area (TOA) is undefined (or 'empty') and so the
MTC device 3 is considered, by the network, to be in the POA 3.

The MTC device 3 reads the system information broadcast in the cell 13 in
which it is located and monitors the identity of the cell 13 in which it is located (S62).
When the MTC device 3 moves and its cell 13 changes, the MTC device 3 detects the
change (S63) and responds by checking whether the new cell 13 is part of the POA 11 or
TOA 15 (if defined) at S64. - If the new cell 13 is not part of the POA 11 or TOA 15 (if
defined), the MTC device 3 goes online (at S65), attaches to the network 7 and operates
as an attached (online) MTC device 3.

Whilst online, the MTC device 3 performs location update, and periodic updates
as normal (e.g. maintaining full mobility functionality).

If, at S66, the MTC device 3 stays in the new cell 13 (without reselection to a
new cell 13 at S68) for a time longer than (or equal to) a predefined period of time
(possibly based on, and defined by, a predetermined number of periodic updates)

(T _online), then the network 7 requests the MTC device 3 to go offline at S67. When
this occurs, the new cell 13 replaces any ceil 13 currently identified as the TOA 15 (i.e.
the old .TOA value, if any, is deleted).

If the MTC device 3 moves to a new cell 13 (e.g. detected at S68) then the MTC
device responds by checking whether the new cell 13 is part of the POA 11 or TOA 15 (if
defined) at S64 and continues with steps S65 to S67/S68 as described previously.

Thus, advantageously, the location of the MTC device 3 continues to be known
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by the network 7 to be in the POA 11 or the TOA 15, even though the MTC device 3 is

offline and has moved to a previously unexpected cell 13. In this manher, the PLMN 7
can keep a track of the movement/location of the offline MTC devices 3 efficiently
thereby making them accessible by the network (e.g. by the MTC server 5) when

required.

Modifications and alternatives

A number of detailed embodiments and variations have been described above.
As those skilled in the art will appreciate, a number of modifications and alternatives can
be made to the above embodiments and variations whilst still benefiting from the
inventions embodied therein.

For example, whilst a number of different embodiments employing different
approaches are described separately, any aspect of the functionality they represent may
be provided for in combination with or as an alternative to the functionality represented
by a different approach. In particular, it will be appreciated that a choice of approach
may be provided in the UE for a user (or provider) to configure the device to use any of
the different approaches, or a particular aspect of an approach, independently.

It will be appreciated that the TOA 15 for a particular MTC device 3 may
comprise a maximum of one cell 13 (e.g. the non-POA cell 13 from which the most
recent off-line location update was sent) or may comprise a plurality of such cells 13 (e.g.
the last non-POA cell 13 from which the most recent off-line location update was sent
plus the neighbor cells).

It will be appreciated that the length of the period represented by the OffPer
Timer may be notified to the MTC device (and/or updated) using any appropriate NAS

signaling, for example during the attach procedure and/or Location updating/Routing
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Area Update or Tracking Area Update procedures (e.g. in an ATTACH ACCEPT message,

or in LOCATION UPDATING ACCEPT / ROUTING AREA UPDATE ACCEPT /
TRACKING AREA UPDATE ACCEPT messages). The period represented by the
OffPer Timer may, alternatively or additionally, be notified via the Open Mobile Alliance
(OMA) Data Management (DM) configuration and/or Subscriber Identity
Module/Universal Subscriber Identity Module (SIM/USIM) over-the-air (OTA)
configuration. It also could be delivered in a System Information broadcast.

It will be appreciated that the information identifying the POA 11 could be
provided in signaling (e.g. NAS signaling) from the MTC server 5 in addition to or as an
alternative to providing the information as part of the subscription information. For
example, the POA could be provided or updated in the MTC device 3 in NAS signals like
ATTACH ACCEPT and or LOCATION UPDATING ACCEPT/ROUTING AREA
UPDATE ACCEPT/TRACKING AREA UPDATE ACCEPT messages. Alternatively,
the POA could be provided using the Open Mobile Alliance Device Management
protocol (OMA DM) or Over the Air configuration (OTA).

It will also be appreciated that the network may build a TOA 15 from a plurality
of cells 13 and not just from the most recent non-POA cell 13 from which an off-line
location update has been sent. The TOA 15 may comprise, for example: a list of
previously visited cells 13; a list including the most recent non-POA cell 13 from which
an off-line location update has been sent and cells 13 neighboring it; a whole LA, RA or
TA, or any combination thereof. In this scenario, the network 7 is adapted to update the
MTC device 3 with this newly built TOA 15.  Further, the network 7 could potentially,
in certain circumstances, determine to add the newly defined TOA 15 to the POA 11,
effectively expanding (or updating) the POA 11.  The network 7 could update the MTC

device 3 With the modified POA 11, and could then delete the TOA 15 in the network and
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the MTC device 3. For example, if the MTC device 3 has spent a particularly long time

away from the cells 13 of the original POA 11, instead remaining in a TOA 15, the
network 7 may determine to update the POA 11 to reflect this. An MTC usef 9 could also
potentially trigger such a change.

It will be appreciated that the network entity 7' has been described, for
illustrative purposes, as a single physical entity. The network entity 7' may however,
comprise a logical or a physical entity. Moreover, the functionality of the network
entity 7' may be split between a plurality of logical/physical entities. .It will be
appreciated that the signals/broadcasts the network entity 7' transmits/receives may be
sent/received indirectly via other network entities

In the above embodiment, a mobile (cellular) type telecommunications system
was described. As those skilled in the art will appreciate, the techniques described in
the present application can be employed in other communications system. Other
communications nodes or devices may include user devices such as, for example,
personal digital assistants, laptop computers, web browsers, mobile telephones, sensors,
meters, vending machines etc.

In the embodiment described above, the MTC device 3 is described as having
transceiver circuitry. Typically, this circuitry will be formed by dedicated hardware
circuits. However, in some embodiments, part of the transceiver circuitry may be
implemented as software run by the corresponding controller.

In the above embodiments, a number of software modules were described. As
those skilled in the art will appreciate, the software modules may be provided in
compiled or un-compiled form and may be supplied to any of the various entities
described as a signal over a compufer network, or on a recording medium. Further, the

functionality performed by part or all of this software may be performed using one or
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more dedicated hardware circuits. However, the use of software modules is preferred as
~

!

it facilitates the updating of the various entities in order to update their functionalities.

Various other modifications will be apparent to those skilled in the art and will

not be described in further detail here.
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CLAIMS

1. A communication device for supporting machine type communication within a
cellular communication network, the communication device comprising:

means for obtaining expected location information representing at least one area
in which the communication device is expected to be located whilst not attached for
communication within the network;

means for identifying a cell in which the communication device is currently
located; and

means for determining, from said expected location information, whether or not
said cell forms at least part of said at least one area, wherein:

if said at least one area is determined, by the determining means, not to comprise
the cell in which the communication device is currently located, the communication
device is operable to attach to the network, and communicate information identifying the

cell in which the communication device is currently located to the network.

2. A communication device as claimed in Claim 1 wherein the expected location
information represents:

a first, predefined, area comprising at least one cell in which the
communication device is expected to be located whilst not attacheci for communication
within the network; and

a second, dynamically defined, area comprising at least one further

cell.

3, A communication device as claimed in Claim 2 wherein the second area



10

15

20

25

WO 2012/108544 PCT/JP2012/053204
26

comprises at least one cell for which said communication device has previously
communicated cell identification information in response to a determination that said at

least one area does not comprise that cell.

4. A communication device as claimed in Claim 2 wherein if said at least one area
is determined, by the determining means, not to comprise the cell in which the
communication device is currently located, the communication device is further operable
to update said information representing said second area to comprise said cell in which

the communication device is currently located.

5. A communication device as claimed in Claim 4 wherein, the communication
device is operable to update said information representing said second area by replacing
another cell forming at least part of said second area with said cell in which the

communication device is currently located.

6. A communication device as claimed in any of claims 2 to 5 wherein said

second area comprises a single cell.

7. A communication device as claimed in Claim 4 or 5 wherein the
communication device is operable to update said information representing said second
area by replacing it with said cell in which the communication device is currently located

or by adding said cell to at least one cell already forming at least part of said second area.

8. A communication device as claimed in any of Claims 2 to 5 or 7 wherein the

communication device is further operable to update said information representing said
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second area based on information received from said communication network.

9. A communication device as claimed in Claim 8 wherein the information
received from said communication network comprises information identifying at least
one of the following:

a cell neighbouring the cell in which the communication device is currently
located;

a local area (LA) associated with the cell in which the communication device is
currently located or at least one cell thereof;

a routing area (RA) associated with the cell in which the communication device
is currently located or at least one cell thereof; and/or a tracking area (TA) associated
with the cell in which the communication device is currently located or at least one cell

thereof.

10. A communication device as claimed in any preceding claim, further comprising:
means for receiving, whilst not attached to said communication network, a
trigger message for triggering said communication device to initiate communications
with a further communicatién device; and
means for responding to receipt of said trigger message by initiating said

communications.

11. A communication device as claimed in any preceding claim, wherein said
determining means is operable to determine whether or not said at least one area
comprises a cell in which the communication device is currently located after expiry of a

predefined time period.



10

15

20

25

WO 2012/108544 PCT/JP2012/053204

28

12. A communication device as claimed Claim 11, wherein said predefined time

period is monitored by means of a timer or counter on the communication device.

13. A communication device as claimed in any preceding claim, wherein the
communication device is operable to detach from said network automatically after
communicating, to the network, said information identifying the cell in which the

communication device is currently located.

14. A communication device as claimed in any of Claims 1 to 12 wherein said
identifying means is operable to identify a change of cell in which the communication
device is currently located, and wherein the determining means is operable to determine
whether or not said at least one area comprises the cell in which the communication
device is currently located on identifying a change of cell in which the communication

device is currently located.

15. A communication device as claimed in any of Claims 1 to 12 or 14 wherein the
communication device is operable to detach from said communication network on receipt
of a message from said communication network indicating that said detach should take

place.

16. A communication device as claimed in Claim 15 wherein the message from said
communication network is received after a predefined time period (e.g. monitored by

means of a timer or counter).
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17. A communication device as claimed in Claim 16 wherein the predefined time

period is represented as a predefined number of periodic updates.

18. A method performed by a communication device of supporting machine type
communication within a cellular communication network, the method comprising:

obtaining expected location information representing at least one area in which
the communication device is expected to be located whilst not attached for
communication within the network;

identifying a cell in which the communication device is currently located; and

determining, from said expected location information, whether or not said cell
forms at least part of said at least one area, wherein if said at least one area is determined
not to comprise the cell in which the communication device is currently located, said
method comprises attaching to the network, and communicating information identifying

the cell in which the communication device is currently located to the network.

19. A network entity for supporting machine type communication by a
communication device within a cellular communication network, the network entity
comprising:
means for receiving a message for said communication device from a server;
means for‘identifying at least one area comprising at least one cell in which said
communication device is expected to be located whilst not attached for communication
within the network; and means for broadcasting said message in each cell of said at least

one area so identified.

20. A network entity for supporting machine type communication by a
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communication device within a cellular communication network, the network entity
comprising:

means for storing expected location information representing at least one area in
which said communication device is expected to be located whilst not attached for
communication within the network;

means for reéeiving, from a communication device, information identifying a
cell in which the communication device is currently located, which cell does not form
part of said at least one area; and

means for updating said stored information identifying the at least one area,
based on said information received from the communication device, to include the cell in

which the communication device is currently located.

21. A network entity as claimed in Claim 19 or 20 wherein said at least one area .
comprises:

a first, predefined, area comprising at least one cell in which the
communication device is expected to be located whilst not attached for communication
within the network; and

a second, dynamically defined, area comprising at least one further cell.

22. A network entity as claimed in Claim 21 wherein the second area comprises at
least one cell for which said communication device has previously communicated cell
identification information in response to a determination that said at least one area does

not comprise that cell.

23. A network entity as claimed in Claim 21 when subsidiary to Claim 20 wherein
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the updating means is operable to update said information representing said second area

to comprise said cell in which the communication device is currently located.

24, A network entity as claimed in Claim 23 wherein, the updating means is
operable to update said information representing said second area by replacing another
cell forming at least part of said second area with said cell in which the communication

-device is currently located.

25. A network entity as claimed in any of claims 21 to 24 wherein said second area

comprises a single cell.

26. A network entity as claimed in Claim 23 or 24 wherein the updating means is
operable to update said information representing said second area by adding said cell in
which the communication device is currently located, to at least one cell already forming

at least part of said second area.

217. A network entity as claimed in any of Claims 23 to 26 wherein the network
entity is operable to initiate detachment of said communication device from said

communication network after expiry of a predefined time period for staying on-line.
28. A network entity as claimed in Claim 27, wherein detachment of said

communication device from said communication network is initiated by transmission of

a message to said communication device to indicate that said detach should take place.

29. A network entity as claimed in any of Claims 23 to 24 or 26 to 28 wherein the
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network entity is operable, in response to receiving said information from said
communication device, to allocate at least one further cell to said second area in addition
to said cell in which the communication device is currently located, and to notify said

communication device of each allocated cell.

30. A network entity as claimed in Claim 29 wherein the network entity is operable,
when allocating said at least one further cell, to allocate:

a cell neighboring the cell in which the communication device is currently
located;

a local area (LA) associated with the cell in which the communication device is
currently located or at least one cell thereof; a routing area (RA) associated with the cell
in which the communication device is currently located or at least one cell thereof; and/or

a tracking area (TA) associated with the cell in which the communication device

‘is currently located or at least one cell thereof.

31. A method performed by a network entity for supporting machine type
communication by a communication device within a cellular communication network,
the method comprising:

receiving a message for said communication device from a server;

identifying at least one area comprising at least one cell in which said
communication device is expected to be located whilst not attached for communication
within the network; and

broadcasting said message in each cell of said at least one area so identified.

32. A method performed by a network entity for supporting machine type
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communication by a communication device within a cellular communication network,
the method comprising:

storing expected location information representing at least one area in which
said communication device is expected to be located whilst not attached for
communication within the network;

receiving, from a communication device, information identifying a cell in which
the communication device is currently located, which cell does not form part of said at
least one area; and

updating said stored information identifying the at least one area, based on said
information received from the communication device, to include the cell in which the

communication device is currently located.

33. A computer program product comprising instructions operable to program a

programmable processor to perform a method according to claims 18, 31 or 32.



WO 2012/108544 PCT/JP2012/053204

1/6

11-3
3-1

3-2

11-2
Figure 1



PCT/JP2012/053204

WO 2012/108544

2/6

Z 3Jn3di4

TN

LEC

I1NAOW
1ve | ANIWIOYNYIN OL
31NAOW
INIWIOVNYIN
sz YOLVOd
e I1NAON HINIL
JINAOW
WwZ | NOILYOINNWINOD
INIALSAS
%M\ ONILYHIO
(\ AHOWI

VNNILNY (a—>

1INJHID
d3AIZOSNYHL

mNN\

mNN\

HITIOHLNOD [P

JOV4HALNI
438N

\.NN\

mmm\




PCT/JP2012/053204

WO 2012/108544

3/6

€ 9in3di4

TN

41NAON

\.vM\ LININFOVNYIN OLN

471NAOW

e | NOLLVOINNWINOD

W3LSAS
ONILVYHIdO

mmM\

_

AJONW3N

LEE

JOV4HILNI

H3sn oL 1 HITIOYLNOD [«

JOV4H3LNI
AHOMLIN

.

mmm\




PCT/JP2012/053204

WO 2012/108544

4/6

¥ 2un314

L i/ mle\

31NAON
INIWIOVNVIA
vOuvOd

ey

371NACIN
d3NIL

wy A

37NAON
NOILVOINNWINOD

%H\

W31SAS
ONILVHIdO

AHOWIN

. S

Ammv

LEY

JOVAH3INI |
ONITIVNOIS

JOV4HILNI

YITIOYINOD [

JFOV4H3LNI
d3AH3S 01N

1Svoavoug \
\ ¥4
A%

6et \




WO 2012/108544

PCT/JP2012/053204

5/6

Q START )

MTC DEVICE IS OFFLINE IN CELL
A. POA = CELL A; TOA = EMPTY.

 ~-S51

MTC DEVICE RUNS OFFPER TIMER

Y

r~— S53

A 4

OFFPER TIMER EXPIRED?
NO

A

555

YES

S§57

IS THE MTC DEVICE IN THE

YES

POA OR TOA?

MTC DEVICE GOES ONLINE,
UPDATES THE LOCATION AND $59

COMES BACK OFFLINE (BY [
DETACH FOR EXAMPLE)
TOA = NEW CELL

Figure 5



PCT/JP2012/053204

WO 2012/1083544
( START )
h 4
MTC DEVICE IS OFFLINE IN CELL
A. POA = CELL A; TOA = EMPTY. | 561
\ 4
$62

MTC DEVICE READS SI AND WATCHES |[—
FOR CELL CHANGE '

5§63

NO YES

CELL CHANGE?
S64

YES IS THE NEW CELL PART

OF THE POA OR TOA?

A

$65
2 A 4

MTC DEVICE GOES/STAYS ONLINE

X
L
b

MTC DEVICE IS ONLINE >
T_ONLINE?

YES
S68

NETWORK ASKS MTC DEVICE TO
GO OFFLINE AND THE NEW CELL
BECOMES TOA

S67

Figure 6



INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2012/053204

A.

CLASSIFICATION OF SUBJECT MATTER

Int.Cl. HO4W8/02(2009.01) 1

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Int.Cl. HO4W8/02

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Published examined utility model applications of Japan 1922-1996
Published unexamined utility model applications of Japan 1971-2012
Registered utility model specifications of Japan 1996-2012
Published registered utility model applications of Japan 1994-2012

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A WO 2010/130029 Al (SIERRA WIRELESS INC.) |1-33
2010.11.18, whole document & US 2010/0285816 Al
A KPN, Optimisation for low mobility, [online]. |1-33
3GPP TSG-SAl #40, 2008.05.15, S1-091218,
[retrieved on 2012-02-23]. Retrieved from the
Internet:<URL:http://www.3gpp.org/ftp/tsg sa/
WGl Serv/TSGS1 46 Chiba/tdocs/S1-091218.zip>
A LG Electronics Inc., PWS-1like Broadcast for MTC, |1-33
[online]. 3GPP TSG-RAN WG2 #70, 2010.05.14,
R2-102947, [retrieved on 2012-02-23]. Retrieved
from the Internet:
<URL:http://http://www.3gpp.org/ftp/tsg ran/W
G2 RL2/TSGR2 70/Docs/R2-102947.zip>
{¢ Further documents are listed in the continuation of Box C. {™  See patent family annex.
* Special categories of cited documents: “T» later document published after the international filing date or
“A” document defining the general state of the art which is not priority date and not in conflict with the application but cited to
con_sidered to bt? of particular relevance_ ) understand the principle or theory underlying the invention
E ear%ler la gll).hcazllon or patent but published on or after the inter- “X” document of particular relevance; the claimed invention cannot
“Lr gzgﬁlgeni 1\)I;}gﬂce}llt?nay throw doubts on priority claim(s) or which be cor_lsidered novel or cannot t_)e considered o involve an
is cited to establish the publication date of another citation or other inventive step when the document is taken alone
special reason (as specified) *Y” document of particular relevance; the claimed invention cannot
“0” document referring to an oral disclosure, use, exhibition or other be considered to involve an inventive step when the document is
means combined with one or more other such documents, such
“P” document published prior to the international filing date but later combination being obvious to a person skilled in the art
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 international search report
23.02.2012 00.03.2012
Name and mailing address of the ISA/JP Authorized officer 5313140
Japan Patent Office Junji NAKAMOTO
3-4-3, Kasumigaseki, Chiyoda-ku, Tokyo 100-8915, Japan | Telephone No. +81-3-3581-1101 Ext. 3534

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2012/053204

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

Huawei, Network Improvement for Low Mobility,
[online]. 3GPP TSG SA WG2 Meeting #76,
2009.11.20, 52-096672, [retrieved on
2012-02-23]. Retrieved from the Internet:
<URL:http://www.3gpp.org/ftp/tsg sa/WG2 Arch/
TSGS2 76 Cabo/docs/S52-096672.zip>

JP 2003-189365 A (JAPAN RADIO CO. LTD.)
2003.07.04, whole document (No Family)

1-33

1-33

Form PCT/ISA/210 (continuation of second sheet) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - wo-search-report
	Page 43 - wo-search-report

