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/ / tion indicative of a group paging or a dedic-
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dedicated paging mode.
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DESCRIPTION

Title
PAGING CONTROL METHOD AND APPARATUS

This disclosure relates to paging in wireless systems, and
more particularly to providing control on operation of paged

devices.

A wireless system can be seen as a facility that enables com-
munications between two or more wireless entities such as
fixed or mobile communication devices, base stations, servers
and/or other devices capable of wireless communication. The
system and compatibie wireless devices typically operate in
accordance with a given standard or specification which sets
out what the various entities associated with the system are
permitted to do and how that should be achieved. A wireless
communication device is provided with an appropriate signal
receiving and transmitting arrangement for enabling communi-
cation of voice, data and signalling with other parties. A
wireless communication device 1s often referred to as user

equipment (UE) or terminal.

Examples of wireless systems include public land mobile net-
works (PLMN) such as cellular networks, satellite based com-
munication systems and different wireless local networks. Ex-
amples of wireless local area networks (WLAN) include systems
known by the names Wi-Fi and Wi-Max. Examples of PLMN systems
include architectures standardized by the 3rd Generation
Partnership Project (3GPP). These include the Universal Mo-
bile Telecommunications System (UMTS) and the long-term evo-
lution (LTE) of the Universal Mobile Telecommunications Sys-
tem (UMTS). A further development of the LTE is often re-

ferred to as LTE-Advanced. A wireless radio connectien be~
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tween devices can also be provided by short range radio, for

example based on the Bluetcoth™ radio.

A feature of the wireless system is paging for wireless de-
vices. An example of paging procedures is specified in a 3
Generation Partnership Project Technical Specification 3GPP
TS 36.331, version 9.5.0 of December 2010 titled ‘Evolved
Universal Terrestrial Radio Access (E-UTRA); Radio Resource
Control (RRC)’. In accordance with this 3GPP protocol speci-
fication a base station site, referred to as an enhanced Node
B (eNB), advertises paging parameters including paging cycle
and information for use in calculation of paging occasions,
more particularly an nB parameter, and so on via system in-
formation (SI) signalling. After a communication device ac-
quires the information, it can calculate corresponding paging
frame (PF) and paging occasion (PO), or a relevant subframe,
based on its user equipment identity (UE ID) and the received
parameters according to a predefined rule. Those subframe lo-
cations can then be monitored periodically. When a paging
message originates from the core network, the eNB can calcu-
late the paging frame and paging occasion in the same way and
deliver the paging message in these slots so that the commu-

nication device can detect the message.

The conceptbof group paging has also been proposed. In group
paging a group identity can be added to paging messages and
the recipient communication device can then calculate the
paging occasion based on the group identity. If group paging
is applied, there are thus at least two identities which can
be referred to for paging a device. That 1s, a device can be
paged based on a legacy user equipment identity, e.g. an IMSI
(International Mcobile Subscriber Identity) or a TMSI (Tempo-
rary Mobile Subscriber Identity), and a group identity. When
the paging is addressed to be dedicated to a particular de-

vice, the legacy user equipment identity can be used accord-
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ing to a normal paging procedure. If paging is addressed to
all members in a group, a group identity can be used instead
of aggregation of a large number of user equipment identi-
tiés) thus saving in signalling over the air interface. Since
both of these scenarios are possible, a communication device
needs to use both of these two identities to compute the
relative paging frame and paging occasion in which paging
messages are transferred. Once the locations are resolved,
the devices can then listen to the paging messages in these
paging frames/occasions for individual and group paging pur-
poses to ensure correct paging reception. The current propos-
als require that a communication device always calculate the
paging occasions by means of its own identity and the group

identity.

The group paging concept can cause complexity and increase
battery consumption of a wireless device. For example, a
wireless device that is only occasionally used may need to
wake up in paging occasions for group paging purpose in addi-

tion to those for dedicated paging purposes. Considering that

there can be a large number of devices in a network and/or in

a group, the battery/power consumption by individual devices
may become an issue that needs to be addressed. Furthermore,
in case a device belongs to a multiple.of groups, the device
has to compute all of thé’possible péging frames / paging oc-
casions in order not to miss pages by the network. This can
result even higher battery consumption. This may be in par-
ticular a case in networks conéisting of machine type commu-

nication devices.

It is noted that the above discusses bnly eXamples, and the
issues .are not limited to any particular communication sys-
tem, standard, specification, radics and so forth, but may
occur in. any communication device and/or system where in-

device interference may be caused by multiple of radios.
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Embodiments of the invention aim to address one or several of

the above issues.

In accordance with an embodiment there 1is provided a method
of controlling paging for a plurality of devices capable of
wireless communication, the methodicomprising receiving at a
device of the plurality of devices a paging type indication
indicative of a group paging or a dedicated paging, and in
response to the paging type indication, causing calculation
of paging locations in received frames according to a group
paging mode or a dedicated paging mode in a predetermined

manner.

In accordance with another embodiment there is provided a
method of controlling paging for a plurality of devices capa-
ble of wireless communication, the method comprising deter-
mining paging locations in frames that at least one device of
the plurality of devices shall monitor, and sending to said
at one device a paging type indication indicative of a group
paging or a dedicated paging to control calculation of paging
locations to be according to a group paging mode or a dedi-

cated paging mode in a predetermined manner.

In accordance with an embodiment.there is provided an appara-
tus for controlling paging in a communication system compris-
ing a plurality of devices capable of wireless communication,
the apparatus comprising at least one processor, and at least
one memory including computer program code, wherein the at
least one memory and the computer program code are config-
ured, with the at least one processor, to determine if group
paging or dedicated paging is to be used based on a paging
type indication received at a device of the plurality of de-
vices, and in response to the determination, calculate paging
locations in transmission frames according to a group paging

mode or a dedicated paging mode in a predetermined manner.
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In accordance with a a yet further embodiment there is pro-

vided an apparatus for controlling paging in a communication

'system comprising a plurality of devices capable of wireless

communication, the apparatus comprising at least one proces-
sor, and at least one memory including computer program code,
wherein the at least one memory and the computer program code
are configured, with the at least one processor, to determine
paging locations in frames that at least one device of the
plurality of devices shall monitor, and control calculation
of paging locations by the at least one device to be accord-
ing to a group paging mode or a dedicated paging mode in a
predetermined manner by causing sending of a peging type in-
dication indicative of a group paging or a dedicated paging

to said at least one device.

In accordance with a more detailed embodiment a group paging
mode may be enabled or disabled. The change may be provided

on a per message basis.

Calculations in the dedicated paging mode may comprise calcu-

lation of paging occasions in frames based on an identity of
the device. Calculations in the group paging mode may com-
prise calculation of paging occasions in frames based on an
identity of at least one group of devices. Calculations in
the group paging mode may also comprise calculation of .paging
occasions in frames based on an identity of the device and an

identity of at least one group.

The paging type indication may comprise a flag indicative of
support for group paging. The flag may comprise a one bit
flag, wherein a predetermined velue.of the one bit flag indi-
cates support for group paging and causes calculation of pag-
ing occasions based on a device identity and at least one
group identity and the other value of the one bit flag causes

calculation of paging occasions based on the device identity.
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Alternatively, the flag may comprise a two bit flag, wherein
a first predetermined value of the two bit flag causes calcu-
lation of paging occasions based on device identity; a second
predetermined value of the two bit flag causes calculation of
paging occasions based on at least one group identity, and a
third predetermined value of the two bit flag causes calcula-
tion of paging occasions based on a device identity and at

least one group identity.

An indication of group paging may be communicated from a net-
work entity to a station serving the plurality of stations,
and in response thereto, switched to a group paging mode mat
take place. A station serving the plurality of devices may be
configured to a group paging mode by means of operations, ad-

ministration and maintenance apparatus.

A group type indication may comprise an identity of at least
one group. A fUrthér indication indicative.if the locations
are calculated based only on one or more identities of
groups, based only on identity of the recipient device or
based on identities of the one or more groups and the recipi-
ent device may also be communicated. Information of the iden—
tity of the at least one group may be communicated in a mes-
sage of a first type and an indication of the mode of cpera-

tion for the location calculations in a message of a second

type.

A station serving the plurality of devices may advertise in-

formation associated with the paging type to other stations.

The devices may comprise devices configured to communicate

via machine type connections or user equipment.

A device and/or base station apparatus comprising a control

apparatus configured to provide at least one of the embodi-
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ments can also be provided. The device may comprise a user

equipment.

A computer program comprising program code means adapted to
perform the herein described methods may also be provided. In
accordance with further embodiments apparatus and/or computer
program product that can be embodied on a computer readable
medium for providing at least one of the above methods 1is

provided.

Various other aspects and further embodiments are also de-
scribed in the following detailed description of examples em-

bodying the invention and in the attached claims.

The invention will now be described in further detail, by way
of example only, with reference to the following examples and

accompanying drawings, in which:

Figure 1 shows an example of a system wherein below described

examples of the invention may be implemented;
Figure 2 shows an example of a controller apparatus;
Figure 3 shows an example of transmission frames;

Figures 4 and 5 are flowcharts in accordance with certain em-

bodiments; and

Figure 6 shows an example of another system where the inven-

tion can be used.

In the following certain exemplifying embodiments are ex-
plained with reference to a wireléss communication system
serving devices adapted for wireless communication with at
least one other node. Therefore, before explaining in detail
the exemplifying embodiments, certain general principles of a
wireless system, components thereof, and devices for wireless

communication are briefly explained with reference to system
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10 of Figure 1 and control apparatus 20 of Figure 2 to assist
in understanding the technology underlying the described ex-

amples.

A wireless communication device 1 and 2 can be provided wire-
less access to a communication system via at least one base
station or similar wireless node. An access system may be
provided by a cell of a public landline mobile network (PLMN)
system or another system, fdr example a WLAN, enabling a
wireless device to access a communication system. A communi-
cation device 1 may further communicate with for example an-
other dévice, for example with device 2. This communication
may be provided, for example, by means of Bluetooth™ connec-
tivity. Each wireless device 1 and 2 may receive and/or
transmit signals via appropriate apparatus for receiving
and/or transmitting signals. The transceiver may be provided

for example by means of a radio part and associated antenna

‘arrangement. The antenna arrangement may be arranged inter-

nally or externally to the device. A wireless communication
device can be provided with a Multiple Input / Multiple Out-
put (MIMO).antenna system.

In Figure 1 a base station site 4 provides a radio service
area of a cellular system. It is noted that a great number of
cellular radio service areés may be provided in a communica-
tion system and that a communication device may simultane-
ously be located in a plurality of cellular service areas.
This 1is illustrated by the second base station site 8. The
second base station may belong to the same PLMN as base sta-
tion 4 or to a different PLMN. Also, the base stations may ‘be
operated by the same or different operators. Also, ‘a base
station can provide more than one cell and/or a plurality of
sectors, for example three radio sectors, each sector provid-

ing a cell or a sub radio service area of a cell.
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A base station is typically contrclled by at least one appro-
priate controller so as to enable operation thereof and man-
agement of mobile communication devices 1 and 2 in commﬁnica—
tion with the base station. The control apparatus can be in-
terconnected with other control entities. In Figure 1 a con-
troller apparatus is shown to be provided by block 20. A base
station control apparatus is typically provided with memory
capacity 21 and at least one data processor 22. The control
apparatus and functions may be distributed between a plural-

ity of control units.

A non-limiting example of communication systems is the long-
term evolution (LTE) of the Universal Mobile Telecommunica-
tions System (UMTS) that 1is being standardized by the 3rd
Generation Partnership Projectv(BGPP). A LTE base station is
known as NodeBR (NB) in the vocabulary of the 3GPP specifica-
tions. LTE based systems can employ .a mobile architecture
known as the Evolved Universal Terrestrial Radio Access Net-

work (E-UTRAN). DBase stations of such systems are known as

~evolved Node Bs (eNBs) and may provide E-UTRAN features such

as user plane Radio Link Control/Medium Access Con-
trol/Physical layer protocol (RLC/MAC/PHY) and control plane
Radio Resource Control (RRC) protocol terminations towards

the wireless devices.

In Figure 1 example base station 4 is connected to a core
network (CN) 5. The core network can be understood as provid-
ing an operator domain. One or more control entities may be
provided in the core network for facilitating operation of
access systems and access by the communication devices. Fig-
ure 1 shows a mobile management entity (MME) 6 and a homé
subscriber server (HSS) 7. A gateway function may also be
provided to connect to another network via the network 5. The
other network may be any appropriate network. A wider commu-

nication system may thus be provided by one or more intercon-
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nect networks and the elements thereof, and one or more gate-

ways may be provided for interconnecting various networks.

Figure 2 shows an example of a control apparatus 20 for a
node of a communication system, for example‘to be coupled to
and/or for controlling a station cof a radio service area, for
example one of the base stations 4 or 8 or the devices 1 or 2
of Figure 1. The control apparatus 20 can be arranged to pro-
vide control on paging operation of communication devices
that are in the service area of the base stétion 4. A control
apparatus in accordance with Figure 2 can be configured to
provide control functions in association with generation,
communication and interpretation of information regarding
paging operations. The chtrol apparatus can control use of
different modes of paging operations and/or switching between
the modes and other related'information and for coordination
of communications in accordance with certain embodiments de-
scribed below. For providing the control the control appara-

tus 20 comprises at least one memory 21, at least one data

_processing unit 22, 23 and an input/output interface 24. Via

the interface the control apparatus can be coupled to the
relevant node. The control apparatus 20 can be configured to
execute an appropriate software code to provide the control

functions.

Figure 3 1is é schematicveXample of two frames 30 for communi-
cation from a base station to communications devices. For ex-
ample, in LTE each frame consists of 20 slots, or 10 sub-
frames 31. A paging occasion is a subframe where a paging ra-
dio network temporary identifier (P-RNTI) can be transmitted
addressing a paging message.' To give an illustrative non-
limiting example, subframe 32 méy carry a dedicated page for
device 1 in Figure 1 whereas subframe 34 may carry a group
page for a plurality of devices within the range of a base

station. It is noted that not all devices within the range of



10

15

20

25

30

WO 2012/109765 PCT/CN2011/000228
11

a base station are necessarily listening to a given group
page, and thus this may apply only to devices that a memebers

of a group identified by a group identifier. In the following

certain specific embodiments are discussed in more detail how

to control the operation of the devices in relation to these

different pages.

Figure 4 is a flowchart in accordance with an embodiment. In
this embodiment a controller apparatus of a base station de¥
termines at 100 the paging locations in fransmission frames
that at least one device of a plurality of devices shall
monitor. The determination may be based on information or di-
rect instructions from another entity, for example a core
network controller. The controller apparatus then causes
sending of a paging type indication indicative of at least
one of a group paging and a dedicated paging at 102 to con-
trol calculations of the paging locations in a predetermined
manner. By means of the indication the base station can apply
control on the calculations by the devices to be according to
a desired mode that is according to group paging and/or dedi-
cated paging. A device receives at 104 the paging type indi-
cation. The device can then determine at 106 the mode to be
used and more particularly if the calculation shall be ac-
cording to a group paging mode or if a dedicated paging mode
is to be used. In the group paging mode the calculations may
be based on an identity of the device and an identity of at
least one group. According to a possibility the calculations
in the group paging mode are based on an identity of at least
one group of devices. The controller of the device then
causes appropriate switching to the determined mode at 108 or
110. Calculations of paging locations in transmission frames
at 112 will then be provided in the predetermined manner ac-
cording to the mode selected in response to the paging type

indication.
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In accordance with a more detailed example, a base station,
such as an eNB, broadcasts a one bit flag to indicate whether
group paging is supported or not. If the value of the 1l-bit
flag equals 1 (or 0 if this 1is determined to be other way
around), the device can determine that group paging is sup-
ported by the base station. The device can then calculate
paging occasions based on both its identity and all group
identities assigned to it. Otherwise, the device shall only
calculate paging occasions based on its own identity to save

power.

The one bit can be added into a system information message
broadcast by the base station to indicate if the base station
is to page the devices with their group identities. This em-
bodiment may be particularly advantageous if there 1is only
one common group, for example one specific machine type con-

nection (MTC) group in a network.

The base station can be configured to indicate whether group
paging feature is switched ON or OFF. Operation, administra-
tion and maintenance (OAM) arrangement can be used to config-
ure this feature at a base station. According to a possibil-
ity a ﬁobility management entity (MME) 7 of Figure 1 indi-
cates a 1-bit flag to one or more base station in an appro-
priate control message if the devices shall be paged in a
group. For example, a S1 application protocol message can be
sent between the MME 7 and the base station 4, the S1 appli-
cation protocol being for radio network control plane signal-

ling over S1 interface.

The MME can also indicate whether the paging message is for a

group of devices or not for each paging message.

After receiving an indication of the paging type from the

MME, the base station can send a l-bit flag to the respective
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device or devices accordingly via its system information (SI)
broadcast so as to control the behaviour of the -device(s).
The control can be advantageously applied in order to save

power.

In accordance with a poSéibility more than one bit is used
for the indication. For example, the 1-bit flag can be ex-
tended to a two bit flag to indicate three modes for the op-
eration of the device. The three modes can comprise a dedi-
cated mode where monitoring of paging occasions is calculated
based only on the device’s own identity[ a.fifst group mode
where monitoring for paging occasions is calculated based on
the device’s group IDs only, and a second group mode where
monitoring for paging occasions 1is calculated based onlboth

on the devices’ own identity and the group IDs.

If the base station belongs to different public landline mo-
bile network (PLMN), as shown in the example of Figure 1, and
the configurations/settings for the PLMNs are different, the
base station may advertise the flag for the PLMNs in its PLMN
list respectively. The paging configuration can be received
from operations, administration, and maintenance (OAM) appa-
ratus or a core network (CN) and the base station can simply
broadcast the configuration with ité PLMN liét. If group pag-
ing is supported and a different PLMN has different group
paging configuration, a base station can broadcast the re-
lated paging configuration information along with the PLMN

list.

Grouping of devices may be applied for different purposes and

may impact different network nodes. Some groups may need to
be awarded by both a radio access network (RAN} and a core
network (CN). This may be the case with devices that are
grouped in a large number so as to save the sighalling over-

head and to avoid congestion. A group ID can be downloaded as
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a part of a service profile from the HSS into a signalling
general packet radio service (GPRS) support node / mobile
management entityk(SGSN/MME). In some other cases the group-
ing only impacts the core network, and there may be no need
for retrieval of grouping information by a SGSN/MME. There-
fore, a MME may not know all the group IDs within the rele-
vant PLMN. Instead, a MME may be arranged to retrieve a group
ID from a home subscriber server (HSS) only when needed. A
consequence of this can be that if a base station is allowed
to set the 1-bit flag to indicate group paging, for example
“17”, it 1is possible that the mobility management entity (MME)
does not apply group paging for all the devices allocated to
the groups. For example, when one device belongs to a multi-
ple of groups, it is possible that the group paging is only
applied to one or several dgroups but not ail of them. In such
scenario, a device can be made aware of those group identi-
ties in association of which it will be paged via group pag-
ing. Based on this information the device can monitor the
paging occasions calculatedi based on these specific group
IDs, either solely or together with the device IDs. There are

various possibilities to achieve this.

In accordance with a possibility illustrated by the flowchart
of Figure 5 it is determined at 120 that at least one group
is defined. A control entity, for example a MME, can then in-
dicate the identities of those groups that apply group paging
to devices via non access stratum (NAS) signalling. Appropri-
ate messages may be sent at 122 to a device, for example when
the device performs an attach procedure or a tracking area
update procedure. The group identities serve as indications
of use of group paging, and thus reception of at least one
group identity at 124 indicates for fhe device that group

paging is in use. The device can then calculate at 126 loca-
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tions based on the indicated group identities, and monitor

for the calculated locations at 128.

Besides sending of the group identities at 122, a one bit
flag can also be added into .a non access stratum (NAS) mes-
sage to indicate whether both group paging and dedicated pag-

ing are supported, or if only group paging is supported.

A mobility management entity (MME) can extract at 120 a map-

ping table.between the groups and devices from a home sub-

scriber server (HSS). The table contain information of groups
énd devices included in the groups. With the mapping table,
the MME can determine whether it has group.IDs for the de-
vices and on which group IDs it will apply group paging. The
MME may also determine if it shall send indication of the
availability of group paging only or if both group and dedi-

cated paging are possible.

After the device receives the NAS message regarding the
groups, 1t can monitor paging occasions calculated for those
group IDs available in the NAS message. The calculation can
be done solely based on the group ID(s) or in addition to
paging occasions calculated based on the identity of the de-

vice.

A one bit flag cén be communicated by system information (SI)
and another one bit flag can be communicated by non access
stratum (NAS) signalling. The one bit flag in a NAS message
can be used to further denote additional information, to-
gether with the 1-bit flag ﬁsedvin system'ihformation, for
each group ID. According to a possibility a 1-bit flag in
system information can be used only to indicate whether the
group paging is supported or not. For example, when this bit
indicates ‘ON’ and if the device.belongs to multiple groups,

the device shall listen to multiple paging occasions for
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these groups 1in one discontinuous reception (DRX) cycle in
addition to it’s own dedicated paging occasions. In some sce-
narios only a part of the groups may need group paging, and
thus the network may transfer these group IDs to devices by
means of the NAS signalling. After receiving these IDs, the
device only needs to listen to the group paging occasions
corresponding to those IDs. According to a possibility a 1-
bit flag can be sent in NAS along with each group ID. In some
applications this bit can be used further to control the be-
haviour of the receiving device to only listen to paging oc-
casions for group paging. The configuration can be such that
if this 1-bit flag in NAS is not communicated, the device has
to listen paging occasions for both group paging and dedi-
cated paging. According to an example, i1f the value of the 1-
bit flag of a NAS message equals one, the device can deter-
mine that only group paging is supported. That 1is, the device
will only calculate paging occasions based on the related
group IDs. Otherwise, the device calculates paging occasions

based on its own user equipment identity and the group ID.

Instead of a 1-bit flag in a NAS message, this indication can
be extended to two bits to indicate at least three different
modes of operation. In a mode the device can, despite receiv-
ing a group identity, be instructed to monitor paging occa-
sions based on its own identity only. In a second mode moni-
toring paging occasions based on one or more group IDs only
can be instructed. In a third mode monitoring of paging occa-
sions calculated based on both the device identity and the
group IDs can be instructed. Thus the 1-bit flag in system

information as of the above example can be saved.

According to a possibility a base station sends the group IDs
it applies via system information instead of the NAS signal-
ling. For example, the sending may take place upon an eNB

being configured by operations, administration, and mainte-
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nance (OAM) apparatus or receiving appropriate information,
for exémple a paging message, from one or more mobility man-
agement entities (MME). When the device detects one or more
group IDs that are associated with itself, it can monitor the
paging occasions calculated based on those group IDs together
with the paging occasion calculated based on its own ID. Oth-
erwise, the device shall only calculate paging occasions that
are based on 1ts own identity. This can be advantageously

used to save power.

If group IDs are present in the system information, a 1-bit
flag as described above can be used to indicate whether the
device shall monitor both group and dedicated paging, or only

monitor for group paging.

If a base station belongs to a PLMN in an area where there
are different PLMNs and different configurations/settings for
the PLMNs, the eNB can advertise the group IDs for the PLMNs

in its PLMN list respectively.

A possible specific use scenario is shown in Figure 6. This
example relates to a machine type communication (MTC) systems
50. Machine type communication is a form of data communica-
tion which involves one or more devices or entities that do
not necessarily need human interaction. A MTC device 51, 52
can be seen as a user equipment that is equipped for machine
type communication. A MTC device can be arranged to communi-
cate through a PLMN operator domain 5. The communication is
typically with at least one MTC server 53, but can also be
with other MTC device(s). A MTC server can be located in the
operator domain, or outside an operator domain. A MTC device
can also communicate locally or via the operator domain with
other entities. The other entities may provide the MTC device

with data for processing and communication to the MTC
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server (s) and/or other MTC device(s). Figure 6 shows also a

MTC user device 54.

Non-limiting examples of MTC devices include various meters,
for example remotely readable utility meters and various
other industrial and domestic meters and sensors, speed de-
tection devices, control devices, and so forth. An example of
definitions for machine <type communications (MTC) can be
found from 3GPP Technical Specification 22.386 version 11.0.0
of December 2010 titled ‘Service requirements for Machine-

Type Communications’.

Thé envisioned system improvements for MTC include group
based optimization. A MTC group can be defined as a group of
MTC devices that share one or more group based features and
that belong to the same MTC Subscriber. MTC devices can be
grouped together for the control, management and/or charging
facilities én so forth to meet various needs. The optimiza-
tion may provide easier mode to control, update and/or charge
MTC devices. Grouping of MTC devices can be used to decrease
redundant signalling to avoid congestion. Also, network re-
sources may be saved by using group based optimization when
the number of MTC devices is large; MTC devices 51, 52 within
a group can be in an area and/or may have the same MIC fea-
tures attributed and/or belong to the same MTC user 54. Each
of the MTC devices can be visible from the network perspec-
tive. Since the grouping of MTC devices can depend on the MTC
features, it is possible to associate a device with one or
several groups. The groups can be defined based on agreement
between MTC user and the operator, for example at the time of
subscription. Each MTC group can be identified by a group ID
which is unique within the PILMN. One MTC device can be asso-
ciated with one or several group IDs besides its own iden-
tity, which are stored as part of the profile of the device

in home subscriber server (HSS) 7. A group identity can be of
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any shape similar or different from the identities of the in-

dividual devices.

Depending on the MTC features associated with the particular
group, the MTC group can be applied for different purposes
and may impact different network nodes. Some groups may need
to be awarded by both a radio access network (RAN) and the
core network (CN). This may be the case e.g. with smart me-
fters which are grouped in a large number so as to save the
signalling overhead and to avoid congestion. In this case,
the MTC group ID can be downloaded as a part of a service
profile from the HSS 7 into a SGSN/MME 6. In some other cases
such grouping only impacts the CN 5, e.g. health monitoring
devices which facilitate charging but where there is no need
for retrieval by a SGSN/MME. Therefore, MME may not know all
the group IDs within the PLMN. Instead, it may retrieve the
group ID only when needed.

MTC devices can be configured, paged, controlled during radio
resource control (RRC) connection procedure in group unit, to
reduce the signalling overhead. The above described embodi-

ments can be used to page the MTC devices in the group unit.

A group of MTC devices can be allocated based on the applica-
tion. For example, meters can be grouped for overhead reduc-
tion while other devices, for example health monitoring de-
vices, can be grouped for charging purposes only without any
intention to bé'paged.through group paging. Therefore it is
possible for the MME that it cannot recognize all group IDs.
In such instance the behaviour of the MTC device may increase
the battery consumption. The behaviour of the MTC device can
be controlled as explained above so that it knows when to
calculate the paging occasions based on its own ID, when to

calculate the paging occasions based on the group ID and/or
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when to calculate the paging occasion based on both its own

and the group ID or group IDs.

It is noted that in addition to the MTC systems, the proposed
method can be also used in other systems, for example any of

the systems based on the UMTS.

The required data processing apparatus and functions of a
base station apparatus, a device in a group and any other ap-
propriate node or element may be provided by means of one or
more data processors. The described functions at each end may
bé provided by separate processors or by an integrated prcc-
essor. The data processors may be of any type suitable to the
local technical environment, and may include one or more of
general purpose computers, special purpose computers, micro-
processors, digital signal processors (DSPs), application
specific integrated circuits (ASIC), gate level circuits and
processors based on multi core processor architecture, as non
limiting examples. The data processing may be distributed
across several data processing modules. A data processor may
be provided by means of, for example, at least one chip. Ap-
propriate memory capacity can also be provided in the rele-
vant devices. The memory or memories may be of any type suit-
able to the local technical environment and may be imple-
mented using any suitable data storage technology, such as
semiconductor based memory devices, magnetic memory devices
and systems, optical memory devices and systems, fixed memory

and removable memory.

An appropriately adapted computer program code product or
products may be used for implementing the embodiments, when
loaded or otherwise provided on an appropriate data process-
ing apparatus, for example for causing determinations of the
groups, use of appropfiate modes and configurations and com-

munications of information between the various nodes. The
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program code product for providing the operation may be
stored on, provided and embodied by means of an appropriate
carrier medium. An appropriate computer program can be embod-
ied on a computer reédable record medium; A possibility is to
download the program code product via a data network. In gen-
eral, the various embodiments may be implemented in hardware
or special purpose circuits, software, logic or any combina-
tion thereocf. Embodiments of the inventions may thus be
practiced in various components such as integrated circuit
modules. The design of integrated circuits is by and large a
highly automated process. Complex and powerful software tools
are availlable for converting a logic level design into a
semiconductor circuit design ready to be etched and formed on

a semiconductor substrate.

It is noted that whilst embodiments have been described in
relation to communications system such as those based on 3GPP
and with felation to MTC, similar principles can be applied
to other communication systems where multiple types of paging
may occur. For example, this may be the case in application
where no fixed station equipment is provided but a communica-
tion system is provided by means of a plurality of user
equipment, for example in adhoc networks. Also, the above
principles can also be used in networks where relay nodes are
employed for relaying transmissions between stations. There-
fore, although certain embodiments. were described above by
way of example with reference to certain exemplifying archi-
tectures for wireless networks, technologies and standards,
embodiments may be applied to any other suitable forms of
communication systems than those illustrated and described
herein. It is also noted that different combinations of dif-
ferent embodiments are possible. It is also noted herein that
while the above describes exemplifying embodiments of the in-

vention, there are several variations and modifications which
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may be made to the disclosed solution without departing from

the spirit and scope of the present invention.
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Claims

1. A method ofvcontrolling paging for a.plurality of devices
capable of wireless communication, the method comprising:

receiving at a device of the plurality of devices a pag-
ing type indication indicative of a group paging or a dedi-
cated paging; and | _

in response to the paging type indication, causing calcu-
lation of paging locations in received frames according to a
group paging mode or a dedicated paging mode in a predeter-

mined manner.

2. A method of controlling pagiﬁg for a plurality of devices

capable of wireless communication, the method comprising:
determining paging locations in frames that at least one
device of the plurality ofrdevices shall monitor; and
sending to said at one device a paging type indication
indicative of a group paging or a dedicated paging to control
calculation of paging locations to be according to a group
paging mode or a dedicated paging mode in a predetermined

manner.

3. A method according to claim 1 or 2, the method comprising

enabling or disabling a group paging mode.

4, A method according to any preceding claim, wherein the
calculation in the dedicated paging mode comprises calcula-
tion of paging occasions in frames based on an identity of
the device and the calculation in the group paging mode com-
prises calculation of paging Qccasions in frames based on an

identity of at least one group of devices.
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5. A method according to any preceding claim, wherein the
calculation in the group paging mode comprises calculatién of
paging occasions in frames based on an identity of the device

and an identity of at least one group of devices.

6. A method according to any preceding claim, wherein the
paging type indication comprises a flag indicative of support

for group paging.

7. A method according to claim 6, wherein the flag comprises
a one bit flag, wherein a predetermined value of the bne bit
flag indicates support for group paging and causes calcula-
tion of paging occasions based on a device identity and at
least one group identity and the other wvalue of the one bit
flag causes calculation of paging occasions based on the de-

vice identity.

8. A method according to claim 6, wherein the flag comprises
a two bit flag, wherein a first predetermined value of the
two bit flag causes calculation of paging occasions based on
device identity; a second predetermined value of the two bit
flag causes calculation of paging occasions based on at least
one group identity,vand a third predetermined value of the
two bit flag causes calculation of paging occasions based on

a device identity and at least one group identity.

9. A method according to any preceding claim, comprising
communicating an indication of group paging from a mobility
management entity to a station serving the plurality of sta-
tions, and in response thereto, switching the station in a

group paging mode.

10. A method according to claim 9, comprising communicating

the indication on a per paging message basis.
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11. A method according to.any of claims 1 - 8, comprising
configuring a station serving the plurality of devices to a
group paging mode by means of operations, administration and

maintenance apparatus.

12..A method according to any preceding claim, wherein the
group type indication comprises an'identity of at least one

group.

13. A method according to claim 12, comprising communication
of a further indication indicative if the locations are cal-
culated based only on one or more identities of groups, based
only on identity of the.recipient device or based on identi-

ties of the one or more groups and the recipient device.

14. A method according to claim 12 or 13, comprising communi-
cating information of the identity of the at least one group
in a message of a first type and an indication of the mode of
operation for the location calculations in a message of a se-

cond type.

15. A method according to any preceding claim, wherein at le-
ast a part of the paging type indication is included in

broadcast system information,
16. A method according to.-any preceding élaim, wherein at le-
ast a part of the paging type indication is included in non

access stratum signalling.

17. A method according to any preceding claim, comprising ad-

vertising by a station serving the plurality of devices in-

formation associated with the paging type to other stations. .
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18. A method according to any preceding claim, wherein the
devices comprise devices configured to c¢ommunicate via ma-

chine type connections or user edquipment.

19. An apparatus for controlling paging in a communication
system comprising a plurality of devices capable of wireless
communication, the apparatus comprising at least one proces-
sor, and at least one memory inc¢luding computer program code,
wherein the at least one memory and the computer program code
are configured, with the at least one processor, to

determine if group paging or dedicated paging is to be
used based on a paging type indication received at a device
of the plurality of devices; and

in response to the determination, calculate paging loca-
tions in transmission frames according to a group paging mode

or a dedicated paging mode in a predetermined manner.

20. An apparatus for controlling paging in a communication
system comprising a plurality of devices capable of wireless
communication, the apparatus comprising at least one proces-
sor, and at least one memory including computer program code,
wherein the ét least one memory and the computer program code
are.configured, with the at least one processor, to '

determine paging locations in frames that at least one
device of the plurality of devices shall monitor; and

control calculation of paging locations by the at least
one device to be according to a group paging mode or a dedi-
cated paging mode in a predetermined manner by causing send-
ing of a paging type indication indicative of group paging or

dedicated paging to said at least one device.

21. An apparatus according to claim 19 or 20, wherein paging
occasions in frames are calculated based on an identity of

the device in the dedicated paging mode and paging occasions
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in frames are calculated based on an identity of at least one

group of devices in the group paging mode.

22. An apparatus according to any of claims 19 to 21, wherein
paging occasions in frames are calculated based on an iden-
tity of the device and an identity of least one.group of de-

vices in the group paging mode.

23. An apparatus according to any of claims, wherein the pag-
ing type indication comprises a flag indicative of support

for group paging.

24. An apparatus according to claim 23, wherein the flag com-
prises a one bit flag, wherein

a predetermined value of the one bit flag is indicative
of support for group paging and calculation of paging occa-
sions based on a device identity and at least one group iden-
tity, and

the other value of the one bit flag is indicative of cal-

culation of paging occaslions based on the device identity.

25. An-apparatus according to claim 23, wherein‘the flag com-
prises a two bit flag, wherein

a first predetermined value of the two bit flag is in-
dicative of calculation of paging occasions based on device
identity;

a second predetermined value of the two bit flag is in-
dicative of calculation of paging occasions based on at least
one group identity, and

a third predetermined value of the two bit flag is in-
dicative of calculation of paging bccasions based on a device

identity and at least one group identity.
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26. An apparatus according to any of claims 19 to 25, wherein
the apparatus is configured to cause switching of a station
serving the plurality of devices into the group paging mode
in response to an indication of group paging from a network

controller.

27. An apparatus acéording to claim 26, wherein the apparatus
is configured to switch between the modes on a per paging

message basis.

28. An apparatus according to any of claims 19 to 25, wherein
the apparatus is configured to cause setting up of a station
serving the plurality of devices into a group paging mode by
means of an operations, administration and maintenance con-

trol apparatus associated with the station.

29. An apparatus according to any of claims 19 to 28, wherein
the group type indication comprises an identity of at least

one group.

30. An apparatus according to claim 29, configured to process
a further indication indicative if the locations are calcu-
lated based on

one or more identities of groups only,

identity of the recipient device only, or

based on identiﬁies of the one or more groups and the re-

cipient device.

31. An apparatus according to claim 29 or 30, wherein the ap-
paratus is configured to communicate information of the iden-
tity of the at least one group in a message of a first type
and an indication of the mode of operation for the location

calculations in a message of a second type.
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32. An apparatus according to any of claims 19 to 31, wherein
at least a part of the paging type indication is included in

broadcast system information.

33. An apparatus according to any of claims 19 to 32, wherein
at least a part of the paging type indication is included in

non access stratum signalling.

34. An apparatus according to claim 20, or any claim depend-
ent on claim 20, wherein the apparatus is configured to cause
a station serving the plurality of devices to advertise in-

formation associated with the paging type to other stations.

35. An apparatus according to any of claims 19 to 34, wherein
the devices comprise devices configured to communicate via

machine type connections or user equipment.

36. A communication device for a communication system com-
prising an apparatus in accordance with any of claims 19 to

35.

37. A communication device as claimed in claim 39, comprising

a base station, a user equipment.

38, A communicaticon device as claimed in claim 36 or 37, con-

figured to communicate by means of machine type connections.

39. A communication system comprising an apparatus or a de-

vice in accordance with any of claims 19 to 38.

40. A computer program comprising program code means adapted
to perform the steps of any of claims 1 to 18 when the pro-

gram 1s run on a data processing apparatus.
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